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A virtual desk-top retrieval center for en-
gineers, designers, and technicians in all 
areas of electronics, this first book of its 
kind contains over 3,000 electronic cir-
cuits, complete with values of all com-
ponents. A distillation of circuit knowledge 
accumulated over the past ten years, it 
conveniently brings together material 
from many diverse sources, such as arti-
cles and technical papers, magazines, 
books, government journals, and other 
publications in the field. 

The majority of circuits shown are recent 
semiconductor designs, but important 
electron-tube circuits are adequately rep-
resented because there are still many ap-
plications where only tubes can do the 
required job. Included with each circuit 
is a concise description of its significant 
features, performance data, and operating 
characteristics, so that you can quickly 
choose the circuit that most closely meets 
your needs. With each description is a 
citation giving the original source in which 
the circuit is described in detail. Thus you 
know in a matter of minutes where to find 
complete information on the circuit you 
select, including essential construction 
and adjustment details, design precau-
tions, and other application data. 

A comprehensive index gives you quick 
access to circuits listed either by type, 
performance, application, or popular 
name. Presented in a logical sequence for 
quick retrieval, with all the circuits in a 
given category arranged side by side, the 
volume includes chapters dealing exclu-
sively with such specialized topics as . . . 
scanner circuits . . . simulator circuits ... 
flash circuits ... clock circuits ... medical 
circuits ... automotive circuits ... infrared 
circuits ... current control circuits ... and 
many more. 

The cost of each circuit to the purchaser 
of this sourcebook is less than one cent 
apiece, making it the most economical 
reference in electronics. More important, 
its unique coverage of circuit component 
values often eliminates the need to look 
up descriptive information in the original 
source. And with values for one applica-
tion as a starting point, it's much easier 
to modify a circuit for a new application. 
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Preface 

More than 3,000 electronic circuits, published largely within ,the past five years, 
are presented here in 100 logically organized chapters for convenient reference 
and browsing by practical electronic engineers and technicians. Circuits in a given 
category are arranged side by side for easy comparison and selection, much as at 
a smorgasbord table. Each circuit has the values of all significant components, an 
identifying title, a concise description of circuit function, performance data, and 
application ideas. This information will generally be sufficient for use as a starting 
point in redesigning a circuit to meet other requirements. For those who need 
further information, each circuit also has a citation giving the title of the original 
al-tide, its author, and its exact location in the original publication. 

Engineering libraries, particularly in foreign countries, will find this volume a 
highly acceptable substitute for the original sources when facing limitations on 
budgets or shelf space. Most users will find that sufficient information is given with 
each circuit to meet their needs, thereby making a file of original sources 
unnecessary. 
For the average circuit search, start with the alphabetically arranged table of 

contents at the front of the book. This will show almost at a glance the chapters 
that are most likely to contain the desired type of circuit. The random arrangement 
of circuits within a chapter encourages the browsing that so often turns up an 
unexpectedly valuable idea. 

If a chapter search fails to give the exact circuit needed, use the back-of-book 
index. Here the circuits are indexed in depth under a variety of type and applica-
tion names, combined with hundreds of see and See also cross references that will 
speed comprehensive searching for a particular circuit even when it is combined 
with other circuits. The result is a desktop information-retrieval system for the 
most significant transistor and tube circuits developed in recent years. With it, you 
can retrieve a desired circuit within a matter of minutes, as compared to the hours 
or days usually required to get results from costly computer-based information 
systems. 
One goal of this book is to provide a maximum of circuit information in mini-

mum space. Accordingly, there is an absolute minimum of repetition in each 
circuit description. To get maximum information, the chapter title, the bold-face 
circuit heading, and the original title in the citation should be read along with the 
description and the circuit itself. 
On those few occasions when additional information is desired, most users will 

go to a library for the original source of a circuit. The citations therefore give vol-



urne and issue number for publications, in accordance with the preferences of 
librarians. For those who have their own files, the equivalent years and issue dates 
for the two most frequently cited publications—Electronics and EEE—can be 
quickly determined from handy tables following the table of contents. Here also 
are listed the abbreviations most frequently used on the diagrams and in the text, 
with meanings. 
The values of the important components are given for every circuit, since these 

help an engineer to read the circuit and redesign it for his own needs. The devel-
opment of a working circuit for a new application is speeded tremendously when 
the design work can be started with a working circuit, instead of starting from 
scratch. Research and experimentation are thereby cut to a minimum, so that even 
a single use of this pioneering circuit-retrieval search book could pay for its initial 

cost many times over. 
Although the majority of the circuits are recent semiconductor designs, impor-

tant new electron-tube circuits are adequately represented because there are still 

many applications where only tubes can do the required job. 
Never before have so many circuits, complete with values, been collected in a 

single volume for such convenient reference, to provide the desired circuit within 
minutes and at the same time tell where further information on it can be obtained. 
Results are obtained in only a fraction of the time that would be required to scan 
the hundreds of magazines and books from which this volume was compiled. 
To the original publications cited in this volume and to their authors and 

editors should go the real credit for making possible this contribution to the 
advancement of electronic circuit design. Particular credit goes to publisher Jim 
Randolph and editor Lewis Young of Electronics for recognizing the importance 
of easy retrieval of the many valuable circuit design articles they have published. 
Specific credit must be given also to George Rosticy, editor of EEE, for approving 
the inclusion of diagrams from his famous "Circuit Design Award" section. Other 
sources, equally appreciated but too numerous to mention here, are credited in 
the individual citations. 
To artist and orchid-hybridizer Jack Quint, more active than ever in Florida 

retirement, goes full credit for arranging the thousands of circuits on these pages 
so well, each unmistakably associated with its own text. 

John Markus 

VI 
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CHAPTER 1 

Alarm Circuits 

RI 
33 K 

LINE 
VOLTA GE 

POWER FAILURE—Current of 0.5 ma through no gate current. Line voltage across scr then 

R4 holds scr QI on normally. After power makes neon relaxation oscillator flash warn- Electronics, 38:15, p 63. 
failure, scr will not fire again because it has ing signal. Depressing Si resets circuit.—R. 

1.5V I+ 
B, 

PROTECTOR 
,-"" LINES 

INTRUDER ALARM—Circuit responds to break 

or short in loop of foil or wire encircling area 
to be protected, by reacting to change in 

IMEG 

VIA 
+I2AX 7  

1 RI 
100K 

2.2K 

IMEG 300K IOOK 

300K 

SLIDEWIRE 

IK 
RAT E R7 /-7 

500K 
BAL 

800K 
25K 

RATE-OF-RISE HEAT ALARM WITH DELAY— 

Thermocouple senses rise in temperature of 

machinery or heat of fire, and feeds servo 

null-balance recorder having repeater slide-

wire. Output of slidewire is differentiated by 

R2 
120K 

Di 1N92 

B2 
60R12 VOLTS 
ALARM BATTERY (-S1 

NEON 
LAMP 
NE-2 

K. Honeycutt, SCR Monitors Power Failure, 

RL 
120 TO SOUNDING 
my DE VI CE (BELL) 

02 
SCR 
2N1595 

normal current drain of 500 microamp from ily.—W. Vollenweider, Low-Current Alarm, 
I.5-v battery in protector loop. Circuit is re- Electronics, 39:5, p 105-106. 

set after an alarm by opening Si momentar-

R8 

IMEG 
TRIG 

V28 

II2AX7 2 

200K 

V38  

R6 
10K 
HYS 

KI 2AX7 
V4A 

- 130V 

R4 
5K 
WARNING 
BIAS 

CI-RI and compared with reference rise rate 

voltage at grid of VIII. When amplified 

difference at output of V2 switches Schmitt 

trigger V3, V4A conducts and energizes Kl. 

Additional triode and relays provide time 

WARNING 

  115V K2 
A-C 

R2 

2 MEG 

T O.25 

R5 II5V 
A- C 

5K 
ALARM 
BIAS 

RESE T 

K4 

6V — 
ALARM 

delay for alarm lamp.—T. L. Greenwood, In-
dicator Warns of Excessive Rise Rates, Elec-

tronics, 35:7, p 54-56. 
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SIREN PREAMPLIFIER—Supplies signals to re-

mote power amplifiers and loudspeakers of 

fire and civil defense systems. Input can be 

from electronic siren generator, magnetic tape, 

or microphone.—W. F. Ferguson, High-Powered 
Audio Alarm Systems, Electronics, 33:16, p 

70-72. 

-I2V 

220 

7 

R2 
50K 2N1376 

33K 

TONE 
INPUT 

2NI376 

TAPE 
INPUT 

i 1.5K 

560. 

41.-er 8 C D 

1200 

680 

.1:10 

•  

27K 
MICRO-
PHONE 

2N1376 

2R1376 
Q3 

IK 

 MA,  s s W. 2V 
27 

2N234A 

47K It 

 II  
 )1  
(2) 
100 

6 

10 

820 

04 

.2N234A 

2N234A 

K3 05 

100 

Q4 determines duration of A and 8, while termined zone coding (zone 1213 for code 

QI -Q2 determines time C-D. Motor-driven group shown).—W. F. Ferguson, High-Powered 
ALARM SYSTEM CODER—Used to generate stepping switches (not shown) determine the Audio Alarm Systems, Electronics, 33:16, p 

zone codes for fire alarm. Multivibrator 03- number of K4 operations to provide prede- 70-72. 

TRIP 
WIRE 

PHOTOCELL H 

PHOTOCELL 
TEST 
SI 

40 

2 

03 

2 

3 

I 2K 

TEST.> 
+I2V  

O CO 

AVALANCHE OPERATE 
TEST 
S2 

250 
56K 

21,41593 

2.5K 

10K 
CI 

1,000 

—T 

KIA 
MAKE   

K • K2 - 6-V 

LATCHING RELAY 

• 

C2 C2 
=.1,000 1,000= 4.7K BREAK 

(28 K28 

K2A 
MAKE 

K18 
BREAK 

K4 
2.5K 

180 
R1 

560 

53 4 

RPM 

AT 6V D-C 

K5 

60C 

1.2K 

K3 

+12V 
FROM 

I—  BATTERY 

TO 
CONVERTER 

TRIP-WIRE ALARM—Control circuit turns con- mitter send tone-modulated signals to central transmission daily.—G. Neal and S. A. Stone, 

verter, transmitter, and modulator on through station when trip wire is broken by ova- Hybrid Telemeter Detects Avalanches, Elec-

relay contacts, to make 1,680-kc hybrid trans- lanche. Daylight on photocell initiates test tronics, 34:50, p 72-73. 
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22K r 11V 22K 
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pl 

D5 

CODER MATRIX-Circuit shows portion of 

coder matrix associated with microwave sys-

tem false alarm circuits, having switches 53 

and 56.-J. B. Bullock, Pulse-Coded Fault 

Alarm in Microwave Systems, Electronics, 33:1, 

p 82-84. 

POS 
CLOCK 
PULSE 05 

14B-2 
06 

H8-2 
C1 

0.002 

NÉG 

PULSE 

TO 
OUTPUT . 
MULTI 

_L 

Kr% 1,000 

FAULT-SENSING SWITCH-When fault in micro-

wave system has effect of closing switch 3, 

gated delay shortens output pulse for that 

function when binary input signals are nega-

tive.-J. B. Bullock, Pulse-Coded Fault Alarm 

in Microwave Systems, Electronics, 33:1, p 

82-84. 

FROM 
OFF 
MULTI 

FROM BINARY STAGES 

D2 0 . 3 

K 51,000 

o 
RB-

Ds 

FROM 
ON 

MULTI 

ALARM LAMP DRIVER-Lamp receives power 

only when combination of signals from binary 

stages and mvbr is correct combination of 

polarities to represent microwave system fault 

to be indicated by remotely located lamp.-J. 

B. Bullock, Pulse-Coded Fault Alarm in Micro-
wave Systems, Electronics, 33:1, p 82-84. 
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ALARM CIRCUITS 

I5K 
0/ 02 

2NI376 2NI376 
I5K 

47O I5K 331( 330 

OFF WARBLE 
o OFF SI ..0STEADY 

SIREN WARBLE GENERATOR-Generates single-

tone and warble signals. Blocking oscillators 

03 and 04, having slightly different frequen-

cies, are frequency-modulated by triangular-

270 

I.2K 

05 

Si ° I- 1-52 
OFF ° 

03 
2NI376 

4.7K 

R2 
5.6K 
0.33- 2NI376 

8.2 100 
6.8K 

R5 Fl 3 

ID 1K 

3 

I2V 

TONE 
OUT 

T 200 

R4 500 

K. X 1,000 

wave output of low-frequency mvbr 01-02, 

to produce siren-type wail.-W. F. Ferguson, 

High-Powered Audio Alarm Systems, Electron-
ics, 33:16, p 70-72. 

8.2K 8.2K 

an 

390 
icÀiF 

75K 

HORN SIGNAL 
270 GENERATOR 

270 270 

0.1 (2)0.047 

COLLISION SIGNAL GENERATOR 

COUNT PULSE OUT 

390ge 

R2 
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 )1L •=•.. 
.ONE-SHOT MULTIVIBRATOR 390 
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-tr- 250 

5IggF 

IK 

390 
alLF 
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821( 510 

ONE-SHOT MULTIVIBRATOR 

-ev 4LJ 
220 

51g/xF 

IK 

3- 90 
AgF 
75K 
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8V 

0.047 
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V,,, 270 
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AND TESTIS 
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1.5K GATE ON° 

 4—Nw---" 8V 

6.2K 

+8V = 

390 

_Loog.m.F 

8.2K 510 

47 -r +8V 
_I__ ' - 8V OV ON 

OFF 

390 AND GATE 

 -8V 

, 6.2K 
V1A,  
6.2K 

+8V +8V 

OFF I S5A 
8V 

4121 

-8v I IS58 

2 

3 
 O 

4 

ON OFFI TEST 
4-0 1 

S4 

AND GATE 

i(PART) 
OF 

I S5C 
15 

SELECTED POINTS IN DATA SYSTEM 

ALL TRANSISTORS ARE TYPE 2N428 

COMPUTER FAULT ALARM-Audible alarm 

system gives distinctive indication of fault 

location in digital computer and data proc-

essing equipment. Horn and collision signal 

sounds are generated by electronic circuits 

 412 
K. X 1,000 

shown, for monitoring two circuits. Mixing 

these two signals produces battle stations 

sound for monitoring third circuit.-S. Fierston, 

Alarm Circuit Warns of Faults In Digital Sys-

tems, Electronics, 32:27, p 48-49. 
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VI 
614 

V 

20µ,AF 
22K R2 

0.001 
10K 

20K 

K 

iïé"( 
V2 

6AU6 

0.001 

22K 
NE- 2 + 150V 10K 

V3 

:== 

1/2 12AU7 

NE- 2 

680K1 IMEG 

-30V 

0.01: 

V5 
1/2 12A1.17 
+150V 

t 22 
>MEG "" 

7 

I51( 

V6 
2 2K I/2 I2AT7 

Ui 

-5V R 
50K 

4-150V 

100MEGe 

10.25  

I I 5V 
A- C 

0.5 --I-

C2 V4 
0A4G 

I_10K 

VHF INTRUSION ALARM—Based on fac that 

object moving toward or away from antenna 

causes phase relationship of radiated and re-

flected waves to shift through 2 pi radians 

at antenna for each half-wavelength of move-

ment. Varying phase changes amplitude of 

oscillation, detected by circuit and used to 

TO 
SPIKE PULSE 

OUTPuT 

TRANSIENT PULSE DETECTOR—Determines oc-

currence of single spike pulse having maxi-

mum amplitude of 50 y at 2 ma and duration 

of 1 millisec. Spike pulse is stepped down by 

transformer to 5 y at 20 ma, which is suffi-

cient to fire GE C10 scr, causing 28-v lamp 

SIREN POWER AMPLIFIER—Four-transistor class 

AB audio amplifier delivers 200 w to four 

loudspeakers. Standby power drain is 12 w. 

• 

47 

y7 K4, 
0A46 

101( 

INPUT +05 
TO + 09V 
TO 
TRIGGER 

ALARM 

6- SEC 
THERMAL 

TIME 
DELAY 
RELAY 

turn on alarm. Drift in oscillator grid voltage 

activates timing motor which adjusts degree 

of coupling between oscillator tank and an-

tenna, to make alarm self-adjusting.—G. A. 

Whitlow, VHF Intrusion Alarm is Self-Adjust-

ing, Electronics, 32:35, p 62-66. 

to come on. When reset button is pressed, 

scr cuts off, lamp goes out, and circuit is 

ready for another spike. Cl is 0.1 mfd and 

CR1 is 1N270.—Transient Spike Pulse Detector, 
"Electronic Circuit Design Handbook," Moctier 

Pub. Corp., N.Y., p 204. 

Input is obtained from warble generator.—W. 

F. Ferguson, High-Powered Audio Alarm Sys-

tems, Electronics, 33:16, p 70-72. 

MULTIPLE-INPUT OVERVOLTAGE ALARM— 

Lamp load of each silicon-controlled switch 

lights when its input exceeds threshold volt-

age, to identify input that is responsible for 

pulling in relay that sounds alarm or shuts 
down equipment. Lamps also serve to sup-

press rate effect.— R. A. Stasior, How to Sup 

press Rate Effect in PNPN Devices, Electronics, 

37:2, p 30-33. 

OUTPUT 

VARYING-FREQUENCY OSCILLATOR—Output 

frequency of alarm tone generator changes 
continuously. With suitable amplifier and 

loudspeaker, can easily be heard in noisy en-

vironments where single tone or amplitude-

modulated tone would go unnoticed.—A. Mall, 
Varying-Frequency Warning Alarm, EFE, 12:7, 

p 25. 

-vcc 6-20v 

SONALERT 
SC- 628 

0, -£1,0.5622 

SHORT-CIRCUIT ALARM—Sounds an alarm if 

a short occurs between any two of five dif-

ferent voltage buses or between any bus and 
ground. Used in checking complicated point-

to point backplane wiring for computers, to 

detect wiring errors or solder splashes.—J. 

Russo, Short-Circuit Alarm, EEE, 13:6, p 66-68. 
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44 - 56V 

E 

A D H 

- 
R1 

4,600 

-1011 

10mA 

Di 
iN2620 

NC 
NO 0 ,  

250   
8V 

40mA 
R2 
900 

2NI136 r_  
COMMON 
HEAT 

L_ 1 ©01 SINK Q2 

R4 
250 

R3 
250 

2 N1136 

; 2R05m A 

R6 
600 

R7 

500 

LOW-VOLTAGE ALARM—Two-transistor alarm 

senses 0.2-v drop in telephone system and 

turns on local or remote signalling apparatus. 

If relay and R3 are interchanged, circuit will 

E cc 

Di 

WAILING SIREN—C1 is discharged periodi-

cally by ujt QI, which resets voltage-con-

trolled oscillator to beginning of its fre-

quency sweep. Controlled oscillator also 

II:, -V 1., r AMP 
12V 

,  

TRANSMITTER UNIT 

G 

+100V (4)100K 

9.7M 

LOW LOW 
LEAKAGE LEAKAGE 
INPUT OUTPUT — loo 
DIODES DIODES 

OPERATIONAL AMPLIFIER OUTPUTS 

operate as high-voltage alarm.—C. J. Kieffer, 

Simple Low-Voltage Alarm, Electronics, 35:18, 

p 44-45. 

POSITIVE LIMIT ALARM—Operational trigger 

trips when any output of analog computer 

goes off scale (above • 99 v).— P. Lefferts, 

Operational Trigger For Precise Control, Elec-
tronics, 37:28, p 50-55. 

EFFECTIVE INPUT 

SET 

IC TO 250e 

+ 12V 

00e 

12 VOLT 
ZENER 

VOLTAGE-SENSING ALARM—Silicon controlled 

• switch is triggered by input signal more than 

1 y above or below ground.—"Transistor 

serves as power amplifier, to reduce number Manual," Seventh Edition, General Electric 

of components required. Circuit draws 10 ma Co., 1964, p 425. 

from 9-v battery.— F. J. Harris, Simple Wailing 

Siren Circuit, EEE, 14:6, p 94. 

20-25V 

I- R GT-66 
FILTER 02 

4-

1.5K 

RECEIVER UNIT 

K = X1,000 

TO 
ALARM 

INFRARED BURGLAR ALARM—Has elertroni- verse effects of continuous or varying ambient power supply fails. Cl tunes Ti to 55-cps 

cally modulated infrared light source and syn.. light. Alarm goes off if power supply or in- oscillator frequency.— S. Bagno and J. Fosal, 

chronous phase-sensitive demodulator pickup terconnecting wires are tampered with. Float- Intruder Alarm Uses Phase-Sensitive Detector, 

unit. Pulsed-light technique overcomes ad- ing 12-v battery takes over load only if Electronics, 31:7, p 102-105. 
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101( Sec. 2K et. Lafayette TR-98 

12 Pr.. 400 ct/Sec. I Lafayette IR - ,09 

LS, Lafayette Se - 61 

DIFFERENTIAL-VOLTAGE ALARM—Detector cir-

cuit with high sensitivity and stability, 

followed by audio amplifier, serves as differ-

ential voltage or current alarm. Input may 

be d-c or low-frequency a-c. Output is dis-

THRESHOLD 
ADJUST 

10K 

1N3712 
(T01) 

PICK - UP 
COIL 

0 05p. f 

33K 

+9V 

,10 

tinctive series of audio beeps or continuous 

tone, occurring only when preselected polarity 

unbalance is present at input.— C. E. Miller, 

Differential-Voltage or Current Alarm Circuit, 

EEE, 121, p 25. 

(1 SPEAKER DC RESISTANCE 
4 TO son 

IK 

2NI304 

L IS 2 TURNS OF * 14 
WIRE, SELF SUPPORTING, 
I 25" DIAMETER, TURNS 
ARE SPACED 1/8" 

200-MC R-F RADIATION DETECTOR— Gives 

1,800-cps alarm tone when signal is picked 

up by coil or by small slot antenna serving 

as sensor.—"Transistor Manual," Seventh Ed. 

tion, General Electric Co., 1964, p 363. 

MISSING-PULSE DETECTOR—Warning light 

comes on to indicate occasional skipping of 

timing pulse or gate trigger having 20-pps 

rate, with durations ranging from 2 microsec 

to 30 millisec. Detector is triggered if interval 

between any two pulses exceeds 75 millisec, 

and must then be reset by pushbutton.— H. 

S. Reichard, Missing Pulse Detector, EEE, 10:6, 

p 35. 

OUTPUT I 

INPUT 

Ql 

2N338 

C2 

GYRO FAULT ALARM— Circuit sounds alarm if 

gyro wheel is locked up, as indicated by in-

put signal remaining at high current or volt-

age level for longer than preset interval. 

Circuit can also be used as pulse-level dis-

criminator.— R. L. Sazpansky, Pulse-Level Dis-

criminator and Fault Indicator, EEE, 13.8, p 

68. 

R3 

120K 

+30V 

RL2 

2.2K 

OUTPUT 2 

02 
2N338 

—30V 

PULSE AND D-C MONITOR—Indicates pres-

ence of continuous train of pulses, absence 

of one or more pulses in train, and dropout 

of d-c level beyond predetermined time inter-

val. Uses controlled monostable mvbr. With 

d-c inputs, C2 is shorted. With values shown 

for R1 and Cl, output occurs 1.07 millisec 

after last pulse.— Pulse and DC Monitor Cir-

cuit, "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., p 201 

CR3 

MULTIPLE-INPUT ALARM—Any of several in-

puts will pull in common alarm relay, with 
corresponding lamp giving visual indication 

of triggered circuit. For higher-current lamps, 

use 3N81 silicon controlled switches.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 425. 
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TO BIAS & AMPL. CKTS 

PHOTO DUO- DIODE 
TEX AS I NST. 

#IN2175 G.E.fld 328 

IN91 

:5 

20V 

RELAY 
SIGMA # 5 RO-
10000 - G-SIL 

ziOut 

LAMP BURNOUT ALARM—Used when photo-

cells and lamps are employed to detect end 

of magnetic tape, load point, or bad spot. 

Failure of lamp can cause serious trouble in 

magnetic tape handler. With circuit shown, 

when lamp burns out, transistor can no 

SIGNAL-POWERED ALARM RECEIVER—On ar-

rival of carrier signal at frequency to which 

antenna and input are tuned, transistor pulls 

in relay, applying battery power to horn or 

light. No power is drawn from battery dur-

ing standby time. For signals below 50 Mc, 

SIGNAL 
INPUT 

10K 

RI = 10K + 4.7K 

4.7K 

01 
2N2192 

75K 18 -10 

SIGNAL DROPOUT DETECTOR— Used to provide 

indication of momentary dropout of d-c, a-c, 

or pulse input signal. Time between disap-

pearance of signal and indication of fault is 

WARNING 
LINE 

li 
2N35 

I N 34 

THRESHOLD 
ADJUST 

G.E. PHOTO 
CONDUCTIVE 
CELL A35A 

longer energize relay, and relay contact 

closes to actuate alarm at computer console. 

—J. E. Kienle and R. W. Wooldridge, Photo-

cell Lamp Burnout Warning Circuit, EEE, 10 8, 

p 27-28. 

best pickup is obtained with single-wire an-

tenna 150 feet long, at right angles to line-

of-sight path and as high as possible.— L. R. 

Crump, Radio Waves Power Transistor Cir-

cuits, Electronics, 31:19, p 63-65. 

RESET 
FRONT 
DOOR 

ELECTRONIC DOORBELL—Single unijunctión 

transistor oscillates at different tone fc- each 

door.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 380. 

adjustable. Output signal remains until scs 

is turned off by momentarily opening reset 

switch.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 336. 

I N3712 

3.3K 

+ 9V 

SPEAKER DC 
RESISTANCE 

4 TO 60 n 

IK 

2NI304 

LIGHT DETECTOR—Gives 1,800-cps alarm tone 

when illumination on photocell exceeds pre-

determined level, which can be below 0.1 

foot-candle near 5,500 angstroms.—"Transis-

tor Manual," Seventh Edition, General Electric 

Co., 1964, p 363. 

ALTERNATE 

INPUT 

Z 100K y 

POSITIVE 

PULSE 

TRIGGERS 
SUS 

Y X 

SET 1K 
TO IN 

-12V 

3N8I 
OR 
3584 

+12V 

100K 
IF RATE 
EFFECT) 

RESISTANCE-TRIGGERED ALARM—S.iicon con-

trolled switch is triggered when temperature-, 

light-, or rudiation-sensitive resistor Rs up to 

1 meg drops below value of preset potentio-

meter. Interchanging Rs and potentiometer 

will trigger alarm on increase in sensing re-

sistor.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 425. 

SIDE 
DOOR 

BACK 
DOOR 

REMOTE 

SPEAKERS 



CHAPTER 2 

Amplifier Circuits 

50 
OHMS 

L = 

L.1 = 41 NO.18 1/4 ID 3/8 L 

L2= 61 NO. 18 1/4 ID 9/161. 

170 - 780 pF 

Li é25 - 
280 

0.09 pF 
P: 11 

RFC 

lOC) 30 

BIAS 0-5V 

2N3297 

RL - 50 

4T NO 14, 1/2 ID 5/8L, L2= 41 1/8 COP. TUBE 3/4 ID 1" L, 
TAPPED 1/2 T FROM GNU TAPPED 1/27 FROM GNU 

50-MC 40-W POWER AMPLIFIER—Paralleled 

silicon transistors operating as class C are 

biased on by incoming r-f signal, hence stop 

conducting when there is no signal.— R. C. 

Hejhall, Getting Transistors Into Single-Side-

band Amplifiers, Electronics, 37:17, p 72-75. 

TO 
PREVIOUS 
STAGE 

16 K 

+12.6 V 

Rl COMMON-GATE MOS FET—Power gain of 15 

db can be obtained from audio up to 200 Mc. 

Z140 
pF 

•  
30-MC LINEAR SINGLE-SIDEBAND AMPLIFIER 

—Single si icon transistor with impedance-

matching network and pi output network de-

livers 20 w of r-f peak envelope power, with 

all odd-order distortion products at least 30 

db down.— R. C. Hejhall, Getting Transistors 

Into Single-Sideband Amplifiers, Electronics, 

37:17, p 72-75. 

O ' F 

101301 

100 
pF 

+30 

25-
:7... 280 

pF 

0.1µF 

200 

00 +Vg +Vd 

100-MC FET AMPLIFIER— Low-cost insulated-

gate fet circuit can handle signals up to sev-

eral volts in uhf range, with inherently low 

cross-modulation distortion.— Low-Cost Power 

Booster, Electronics, 37:14, p 29-30. 

TO NEXT 

STAGE 

50 
OHMS 

OUTPUT 

G. G. Luettgenau and S. H. Barnes, Design-

ing With Low-Noise MOS FETs: A Little Differ-

ent But No Harder, Electronics, 37:31, p 53-58. 

8 



AMPLIFIER CIRCUITS 9 

FROM 
POST 
AWL 

DISCRIMINATOR AMPLIFIER- Direct-coupled 

voltage amplifier with a-c coupling at input 

and output has loop gain of 36 for band-

width of 1 Mc, including low impedance 

INPUT CI 
0 T01.211 
VOLTS 1 
rms 1 

5.1 K 

driver Q10.- R. Cuikay and T. Callahan, Or-

biting Observatory to Measure Stars' Dim 

Light, Electronics, 37:9, p 28-31. 

+15 V 

R2 
6201'5% 

-15 V 

COMPLEMENTARY-TRANSISTOR AMPLIFIER-

Bootstrapping and negative feedback provide 

220,000-ohm input impedance and 60,000-

ohm output impedance, with stabilized gain 

+ 50 V +50 V 
350-MC 12-W POWER AMPLIFIER-Common-

emitter circuits operating class C serve for 

driver and parallel-connected power amplifier 

02 

2N2597 

R1 
3K±5% 1 1RL 

3K 

rms 

OUTPUT 
0 TO 7 
VOLTS 

over wide temperature range.- L. J. Ernst, 

Complementary Amplifier Offers High Input 

Impedance, Electronics, 37.16, p 92-93. 

POWER AMPLIFIER 

60 DB GAIN AT 1 CPS TO 1 MC-Direct cou-

pled a-c amplifier with feedback and current-

derived stabilization uses only two capacitors. 

-P. Laakmann, Direct Coupling Shrinks Am-

plifier Size and Cost, Electronics, 36:12, p 

66-68. 

RESPONSE BELOW 2 CPS-With input resist-

ance of 1,000 meg, piezoelectric gage ampli-

fier gives gain choices of 1, 3, or 10 for 

loads above 2,500 ohms. Decade input switch 

can provide choice of shunt capacitances for 

trimming sensitivity of gages.- Extending Pie-

zoelectric Gage L-F Response, Electronics, 36.4, 

p 100-103. 

Totcl pain is 12 db.-N. Downs Rudy for UHF Telemetry, Electronics, 37:17, 

and B. van Sutphin, Solid-State Transmitter p 76-811. 
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, 
1 Li 

L 

Q1 

0 001 

=. + 12 . 6 V 

•  

C2 

500pF 

8 MEG 

C3 

0.001 

I 

C4 
0.001 

R2 

4 MEG 

R3 
16K 

IF- C6 

C5 
0.001 

UNNEUTRALIZED MOS FET—Low drain-gate 

capacitance is needed for high power gains 

CURRENT-DERIVED STABILIZATION— Bridge-

derived stabilization in direct- coupled a-c am-

plifier provides current sensitivity of 0.1 

INPUT 

—15 

above 2 Mc from common-source mos fet.— 

G. G. Luettgenau and S. H. Barnes, Designing 

microamp per ma of output current.— P. Laak-

mann, Direct Coupling Shrinks Amplifier Size 

and Cost, Electronics, 36:12, p 66-68. 

BROADBAND WITH GAIN OF 1,350—Metal-

oxide semiconductor transistors ( p-masts) in 

Darlington configuration give high input im-

pedance and low output impedance from 5 

cps to 72 kc.—F. M. Wanlass, Novel Field-

Effect Device Provides Broadband Gain, Elec-

tronics, 36:44, p 30-33. 

500 pF 

 1( * 

74-.. C3 

+12 V 

8 MEG ' 

rH( 

R2 

41.1EG 

•  
Cd 

• 
C4 
0.001 

R3 

16K 

I(  

C7 

500 pF 1 

With Low-Noise MOS FETs: A Little Different 

But No Harder, Electronics, 37:31, p 53-58. 

SOURCE FOLLOWER WITH REDUCED GATE-TO-

DRAIN CAPACITANCE—Diode D1 gives maxi-

mum a-c bootstrapping of gate bias resistance 

while providing required cl-c bias. Emitter-

follower 02 couples to drain of fet 01 a 

signal in phase with input, to give extremely 

low input capacitance.— T. R. Bignall, How to 

Get Maximum Input Impedance with Field-

Effect Transistors, Electronics, 36:10, p 44-46. 

—22V 

SOURCE FOLLOWER USES BOOTSTRAPPING— 

Bandwidth is 10 cps to 10 kc, cl-c input im-

pedance is 10 meg, and input impedance at 

10 kc is above 1 meg for input signals from 

1 mv to 10 mv.—T. R. Bignell, How to Get 

Maximum Input Impedance with Field-Effect 

Transistors, Electronics, 36:10, p 44-46. 

C2 

NEUTRALIZED MOS FET—Delivers power gain 

of 20 db at 100 Mc, with common-source 

L2 R F. CHOKE 

connection.—G. G. Luettgenau and S. H. Barnes, 

Designing With Low-Noise MOS FETs: A Little 

1 
C6 2--" 
500 pF L _ _ 

OUTPUT 

Different But No Harder, Electronics, 37:31, 

p 53-58. 



AMPLIFIER CIRCUITS 1 I 

01 
2N336 
OR 

2N2222 

UNITY-GAIN BUFFER—Positive gain of unity 

is obtained with high input impedance, low 

output impedance, negligible phase shift, and 

without phase reversal. Can be used for iso-

R-F 
IN 

0.001 

5842 

15 

3pF 

100 

22µH 

30V 

02 
2N336 

OR 
2N2222 kG 

10K 
—ne 

STABILIZED DIRECT-COUPLED A-C AMPLIFIER 

luting resolvers from loads.—D. K. Phillips, —Current-derived stabilization gives simple 
Unity-Gain Buffer Acquires Precision by Feed- amplifier using only one capacitor. Adding 

back, Electronics, 36:51, p 36-37. C2 improves stability but lowers cutoff fre-

quency.—P. Laakmann, Direct Coupling Shrinks 

Amplifier Size and Cost, Electronics, 36:12, 

p 66-68. 

47 

T.0.001 

5842 

22K 

TEST 
IN 

15 

4.7jaH 

7-70.001 

27 500 
--r0.001 

100 

9IpF 
0.001 I 

9IpF 
5842 18pF  

+140V 

56 

0.8- / 
8.5pF 

0.001 

R—F 
OUT 

GROUNDED-GRID BROADBAND—Grounded- cade. Both source and load impedances are 
cathode preamplifier has plate load that 50 ohms.—Broadband VHF Amplifier Covers 

provides increasing gain with increasing fre- 30 to 260 Mc Range, Electronics, 35:4, p 102. 
quency to drive following two tubes in cas-

+22.5 V D-C 

INPUT 

1.5 MEG 

WIDEBAND FET—Feedback and bootstrapping 

techniques give overall input capacitance of 

0.4 pf for 30-pf gate capacitance of fet. 
Transistor serves as source follower.—B. Down, 

Using Feedback in FET Circuit to Reduce Input 

Capacitance, Electronics, 37:31, p 63-65. 

FET SOURCE-FOLLOWER—Voltage-divider bias-
ing increases input impedance. R3 provides 

LOW-NOISE FET AMPLIFIER—Agc feedback Small-Signal Circuit Design, Electronics, 36:49, negative feedback.—B. Down, Using Feedback 
extends input level to 150 mv.—L. E. Clark, p 46-50. in FET Circuit to Reduce Input Capacitance, 

E. B. Mack, and R. C. Hejhall, Highlights of Electronics, 37:31, p 63-65. 
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CASCODE FOLLOWER—Output is 20 y peak- Twist: The Cascode Follower, Electronics, 

to-peak into 1,000 ohms, down to 5 cps, with 36:49, p 69-70. 

high stability.— R. W. Johnson, Circuit with a 

SHIEL5 

;.17-F SHIELD 

560pFL, 

5.6gH 

-VE 

560pF 

45-380pF 
560pF 

5.6i,L11 

I +VCc 
25K -i--

L:6 TURNS NO.16 ON 3/8.:J.DIA 
3/321N. SPACING. TAP IS I-1/2 
TURNS FROM COLLECTOR END 

60-MC LOW-NOISE—Noise figure is only 6 db 

for generator resistance of 150 ohms.— D. Hall, 

Using Epitaxial Transistors in Switching and 

R-F Circuits, Electronics, 34:13, p 52-53. 

;R-F SHIELD 45-380pFi 

0.002 

22gH 1,0.002 

22µH 

1 
25K +VCC 

L I : 3 1/4 TURNS 
NO.408 AIRDUX 

30-MC LOW-NOISE— Noise figure is only 4 db 

for generator resistance of 200 ohms.— D. Hall, 

SMALL-SIGNAL 60-MC—Epitaxial 2N743 is op- gain per stage is 17 db.—D. Hall, Using Epi- Using Epitaxial Transistors in Switching and 

erated common-emitter at signal frequency taxial Transistors in Switching and R-F Cir- R-F Circuits, Electronics, 34:13, p 52-53. 

and common-base for biasing. Unneutralized cuits, Electronics, 34:13, p 52-53. 

R1 

120K 

R2 

100K 

R3 
1K 

ZFTI2 I(  
D C2 

25 

CI 

>10K 

Rs 

680 

R6 
82K 
e.ArS, 

R7 
2.2K 

+24V. 

Q2 C3 
ZT24 " 25 

50-MEG INPUT IMPEDANCE—Feedback from duce Input Capacitance, Electronics, 37:31, 

Q2 to let Q1 boosts input impedance.- 8. p 63-65. 

Down, Using Feedback in FET Circuit to Re-

eiN  
INPUT 

R8 

3.3 MEG 

)1  

R1 

10 K 

ect 
OUTPUT 

01 
2N930 

R3 

510 K 

MAGNETICALLY CONTROLLED TRANSISTOR— 

Uncapped pnp germanium alloy junction tran-

sistor placed in strong magnetic field shows 

gain variation with flux density, with direc-

tion and amount of gain depending on di-

rection of magnetic field.— R. W. Lade et al., 

Magnetic Fields Vary Transistor Gain, Elec-
tronics, 34:5, p 68-70. 

+20V 

0 iR6K 

10K 

3 

2N930 

R7 
10 

Eb3 

CONSTANT GAIN— Differential amplifier 02- Slant despite variations in load or in circuit berg, Amplifier Gain is Constant Despite 
03 regulates bias of Q1 to keep gain con- components.— R. C. Lavigne and L. L. Klein- Changes in Load, Electronics, 38:13, p 75-77. 
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10 MEG 
+12.6V 

TO 
PREVIOUS 
STAGE 

C2 
500pF 

C3 

500pF 

CI 

R2 

10 MEG 

CASCODE MOS FET—Power gain is slightly 

higher than for neutralized common-source 

stage.— G. G. Luettgenau and S. H. Barnes, 

Rs -50 

LI. 3-1/4 T NO. 18 TINNED WIRE, 5 

1/2" DIA,1/2" LONG, TAPPED 3/41 2W 

FROM COLD END 

L2. 4 T 1/8" COPPER TUBING, 3/4" DIA, 

1-1/4" LONG, TAPPED 1-1/4" T 

500 pF 
R3 

16K 

•  

L2 

C6 TO 
0.001 NEXT 

 I( STAGE 

+12 6V 

Designing With Low-Noise MOS FETs: A Little 

Different But No Harder, Electronics, 37:31, 

p 53-58. 

30-MC LINEAR SSB—Power gain is 13 db and lights of Small-Signal Circuit Design, Elec-

output is 8 w peak envelope power.— L. E. tronics, 36:49, p 46-50. 

Clark, E. B. Mack, and R. C. Hejhall, High-

R2 

220K 

3N89 

GI 
D 

VOUT 

COMPOUNDED EMITTER- FOLLOWER—Com-

pounded emitter-follower with feedback, op-

erated as complementary pair, gives higher 

input impedance, higher gain, and lower out-

put impedance than conventional emitter-

follower.— T. K. Hemingway and J. Willis, 

Transistor Pairs Improve Emitter-Follower Per-

formance, Electronics, 35:21, p 48-49. 

-1.5 V 0.02 

.t R3 
10 M 

R6 
220K 

3N89 

G 

e R5 
e 10M 

•  

FET MICROPOWER—Voltage gain is 60 db 

MODIFIED EMITTER-SQUARED FOLLOWER— 

Complementary transistor arrangement of 

feedback amplifier is modified to reduce shunt-

ing effect of R3 by applying positive feedback 

voltage that artificially increases value of R3. 

—T. K. Hemingway and J. Willis, Transistor 

Pairs Improve Emitter-Follower Performance, 

Electronics, 35:21, p 48-49. 

-3V 
28 MICROAMPERES 

C3 

0.02 

R7 R8 
220 K I 7M 1.5 M 

I MICROAMPERE + 8.5V 
•  

output voltage, for power drain under 100 matched.— J. S. Sherwin, An FET Micropower 

from 1 cps to 30 kc, with 0.5 y rms maximum microwatts. First three transistors should be Amplifier, Electronics, 37:31, p 74-75. 
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+28V +28V 

VIN 

TWO-STAGE MOS FET-Pair of 3N98 transis-

tors give voltage gain of 10 with low output 
impedance.-D. M. Griswold, Understanding 

and Using the MOS FET, Electronics, 37:31, 

p 66-70. 

L2 

0 TO - 5V +10V 

I ---
I K1001 

SHIELD 
PLATE 

COMPONENT VALUES 

C1 0.9 - 7 pF L1 5 TURNS, 1.4 NO.20 WIRE, 0.29»H 

C2 0.9-7 pf L2 MILLER TYPE 20A107RBI OR EQUIV. 
0.125-0.079FH 

C3 0.9-7 pF 5,, 1.. 

C4 500 pF 
L3 5 TURNS, ifiK -i NO.20 WIRE 

C5 500 pF R1 6,800 OHMS 

C6 500 pF R2 2,200 OHMS 

200-MC FET NEUTRALIZED AMPLIFIER-Capaci-
tor C5 between drain and gate provides neu-

tralization by nullifying feedback. Neutralized 

stable gain at 250 Mc is 8 db. Bandwidth is 

POWER- IN MONITOR >  

LOW-SUPPLY-VOLTAGE VHF-Good high-fre-

quency parameters of epitaxial mesa transis-

tor give high gain and efficiency at supply 

voltage of only 12 v. Output is 0.5 w at 70 

-5V 

+5V 
BROADBAND IMPEDANCE TRANSFORMER-

Darlington circuit gives unity gain from d-c 

up to several Mc, using any complementary 

pair of transistors having sufficiently high 

gain and cutoff frequency.- I. Ingemarsson, 

Darlington Maintains Constant Unity Gain, 

Electronics, 38:22, p 69. 

12 Mc.-P. E. Kolk and I. A. Maloff, The 

Field-Effect Transistor as High-Frequency Am-

plifier, Electronics, 37:31, p 71-74. 

Mc.-D. Hall, Using Epitaxial Transistors in 

Switching and R-F Circuits, Electronics, 34:13, 

p 52-53. 

• II1V 

«OMIT W.034114 
POTE TIM 

Max. °nuke 
Sun. i333303 0-9 

3.3« 

REMOTE GAIN CONTROL-Permits adjusting 

gain of wideband amplifier over full range 
from maximum to zero with two-wire low-

voltage line up to 1,000 feet long. Control 

and signal circuits are completely isolated. 

Components shown give maximum gain of 
1.-R. S. Young, Amplifier with Remote Gain 

Control, EEE, 12:8, p 71. 

-I2v 

NONLINEAR FEEDBACK LOOP-Type WE41A 

copper-oxide varistor for Rf in feedback loop 

gives radically different voltage-gain charac-

teristic than silicon diode for Rf, but both 

give exponential response and increase dy-

namic range.-J. C. Looney, Designing Ampli-

fiers with Nonlinear Feedback, Electronics, 

34:13, p 46-49. 
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I MEG 

BUFFER 
STAGE 

ATTENUATOR 
STAGE 

DC CONTROL VOLTAGE 

VOLTAGE-CONTROLLED ATTENUATOR—Can 

attenuate input signals 70 db when mas fet 

is followed by high-impedance load such as 

33 
MEG 

+28V 

2K 

+ 28V 

4,000 

common-source mos fet amplifier— D. M. Gris-

wold, Understanding and Using the MOS FET, 

Electronics, 37:31, p 66-70. 

+28V 

e20K 

2,000 

3 3 

500 

MOS FET WITH NPN—FET input stage serves 

as high-to-low impedance transformer for 

power transistor and gives very high power 

3 9-75pf 

LI, L2 18 turns B&W 

from ground 

3004 

gain.— D. M. Griswold, Understanding and 

Using the MOS FET, Electronics, 37:31, p 66-

70. 

2N24II 

5 IK n 

HN758 

= 0.05 

Minduc tor, 

TUNED 10-MC AMPLIFIER WITHOUT NEU-

TRALIZATION Low reverse transfer of cascode 

connection makes possible stable operation of 

common-source fet. Transducer gains are 20.6 

L2 

e 
.4 5-100pf 

L2 

0.01 

1BNC 

20v 

topped 1 3/4 turns 

db and 25.3 db for 2N2497 and 2N2499 re-

spectively.—Tewns Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N Y., 1966, 

p 142. 

+ 28V + 28V 

DIRECTLY COUPLED MOS FET—Eliminates cou-

pling capacitors but requires additional bias 

supply.— D. M. Griswold, Understanding and 

Using the MOS FET, Electronics, 37:31, p 66-

70. 

100-MEG INPUT IMPEDANCE—Variation of 

Darlington connection gives low-noise amplifier 

with high input impedance. Thermal and shot 

noise are much lower than flicker, leakage, 

and surface noise.- 1. Levine, High Input Im-

pedance Transistor Circuits, Electronics, 33:36, 

p 50-52. 

4-300 V 
R, 
K 

6AH6 
INPUT VI 
0 V D-C 

6 V A-C 

OUTPUT 43 V D-C 

00 K 

OK 

CATHODE FOLLOWER WITH 0.99963 GAIN— 

Used to couple high-impedance source to 

low impedance output without attenuating 

or loading source signal. Output impedance 

is 50 ohms and response is flat within 3 db 

from d-c to 250 kc. Circuit delivers outputs 

from - 140 to - 210 y at --0.8 to -1 2 ma. 

Feedback through pentode helps maintain 

unity yuln.—Cathode-Follower Gain Ap-

proaches Unity, Electronics, 31:1, p 94-96. 



16 SOURCEBOOK OF ELECTRONIC CIRCUITS 

SECONDARY-EMISSION-PENTODE CATHODE 

FOLLOWER-Circuit is enhanced by connecting 

dynode back to cathode. Uses degenerative 
feedback, to achieve high-performance im-

pedance transformation. Can be used to 

match high-impedance source to low-imped-

ance load.-E. J. Martin, Jr., How to Use the 

Secondary-Emission Pentode, Electronics, 33:41, 

p 60-63. 

TEMPERATURE-COMPENSATED DARLINGTON-

Modified Darlington includes two diodes and 

additional resistor. With these, temperature 

changes up to 50°C have no effect on out-

put.-R. C. Going, Temperature-Stabilized 
Darlington, EEE, 11:7, p 28-29. 

TRIODE CATHODE FOLLOWER-Effective gain 

stability factor is approximately equal to re-

ciprocal of amplification factor of tube.-G. 

M. Davidson and R. F. Brady, Unity-Gain Am-

plifier Offers High Stability, Electronics, 33:9, 

p 66-67. 

BOOSTING INPUT IMPEDANCE-Circuit shows 

how voltage gain in transistor amplifier can 

be exchanged for input impedance through 

use of negative feedback. At same time, 

voltage gain is made more independent of 

transistor parameters.-Feedback Increases In-

put Impedance, Electronics, 32:11, p 150-153. 

500 

Source 

L1 

100 pf . 025 ph 

F---e--t  

2N2863 

s 

L1 - # 10 copper wire 1/2 turn 5/8' I.D. 

overall height 3/4". 

L2 - # 14 tinned wire 1 1/2 turns 1/2" 1.0. 

1/3" spacing. 

160-MC 750-MW POWER STAGE-Pi matching 

networks at input and output optimize tran-

sistor performance in class C operation. Ef-

ficiency is 25% and 3-db bandwidth is 15 

10K 

L2 
.025 ph 100 pf son 

Load 

Mc.-Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 

p 318. 

-24V 

g ) Q6 
2NI142 

25 81% 

25V OUT 

CABLE-DRIVING AMPLIFIER-Used between and S. Westerlund, Probes for Plasma Re-

wideband integrator and 185-ohm cable. With search with Wideband Integrators, Electronics, 
voltage gain of 3, bandwidth is 18 Mc with- 35:24, p 44-45. 

out overshoot for pulse signals.-S. Berglund 

— 0.1 

V4 

2021 
100K 

1 HI 

5.5MH 
5K 

-300V 

30K 

TRIGGER!, 0.1 
INPUT    

17»SEC 

100 pF 

51 K Mbt 7'5K 8 HY+ 300V RFC 
-.:- 0.07 

R-F INPUT •11,7.:15 pF  

11 1 C, 

50 

INI91 

4300K 

_L 
BIAS 

IN217 

I HI 5.1 K 

2 K 100K 
V5 

2021 

51 pF 

500K 

15 pF 

51 K 
I2K 

STABLE SUPERREGENERATIVE-Agc circuit 

transforms grid-pulsed superregenerative am-

plifier V1 into noncritical circuit that is stable 

for long periods when controlled by pulse 

4T # I6 

I/ 2« CIA 

D-C 
OPERATION 

AMPL 

+300V 

V2 

I2AT7 

OK 0.05 

-300V 

generator V4-V5, which in turn is controlled 

by external trigger pulse source.-J. H. Kuck, 

Automatic Gain Control for Superregenerative 

Amplifiers, Electronics, 34:29, p 76-79. 

VI 
6AF4 

50pF 

RFC T 5PF 
150K 

10K 

+300V 

V3 
5647 

I 

20K 

0.01 
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or 

10 238 
T) 

DI 

TI66 

2N338 

2N338 2N338 

1 30V 

100 47 no SHIELD 

C-9 

STABILIZING GAIN-Use of negative feedback 

in four-stage direct-coupled amplifier keeps 

gain constant within 1 db of 40 db from 6 

cps to 300 kc. Input impedance is 8 meg 

and output impedance is 600 ohms.-Feed-

back Increases Input Impedance, Electronics, 

32:11, p 150-153. 

ISOLATION AMPLIFIER-Gain stability and in-

put impedance are much better than conven-
tional cathode follower. Feedback capacitor 

goes between triode grids, but may also go 

between grid of V18 and cathode of V1A.-

G. M. Davidson and R. F. Brady, Unity-Gain 

Amplifier Offers High Stability, Electronics, 

33:9, p 66-67. 

+300 

12 AT 
Via l% 

430 

= X1,000 

12517 
Via 

0.05 \ 
(NOMINAL) 

2 

ISOLATION AMPLIFIER-Effective gain stability 

factor is approximately equal to reciprocal of 

product of amplification factors of two halves 

of tube. Gives high transmission accuracy, 

with high input impedance.-G. M. Davidson 

and R. F. Brady, Unity-Gain Amplifier Offers 

High Stability, Electronics, 33:9, p 66-67. 

ANALOG 
INPUT 

SOLAR 
CELL 

APERTURE MASK 
(10 WINDOWS / CELL) 

SOLAR-CELL AMPLIFIER-Used with multi. 

aperture solar cells to generate 10 strobe 

pulses. Eight circuits with cells are needed 

to generate 80 strobe pulses for reading 

V5A 
1/2 6AL5 

5726 

100K 

R7 
82(< 

V4 A 

1/2 5415 

5726 R6 
I MEG 

+5V 

R9 

3.9K 

DIGITAL 
OUTPUT 

R6 R 7 
3K 

NOTE: 
01 ,03 - 2N3250 

0 2,0 4 - 2N2501 
Di , D2 - 1N914 

conventional punched card.-G. R. Hearn, 

Multi-Aperture Solar Cell Amplifier, LEE, 14:4, 

p 43-44. 

V 66 
1/2 6AL5 
5726 

R4 
100K 

V43 

1/2 641. 5 
5726 

0.22 MEG R9 

V38 W-4. 
5814 0.22 

5K  I2AU7  --- "Tb. 
---"W\i--•-4-1 : ( MEG 

1  —W.,-
0.047 v.0 47 

47K 

470K 

470K 

V3A 

5814 
124U7 

V28 
5751 I  
I 24X7 

22 

 I;  

0.! 

)1  

180K 

2.2 MEG 

6.5•-C P3 MOO 
c. 4 r 6.5 CPS 
C .N 

MOO OUT 

6.5- CPS oe 

60- CPS 
REJ 
FILT 

•--e,rtA  
0.5 MEG 

2MEG 

12547X571• 

30 

SG GRCUND 

K Rt 
-Vv\-10 

33K 

TEST SIG 

TO OSC 

+ 240 V 

6.5-CPS AMPLIFIER-Consists of three triode 

stages (V2A, V2B, and V3A). Peaks at about 

6.5 cps, with 18 db attenuation at each oc-

tave. Double-T rejection filter between V2A 

and V2B attenuates any 60.cps pickup. Over-

all gain is 80 db. Phase inverter V3B pro-

vides 180° out-of-phase signal for full-wove 

phase-sensitive bridge rectifier that uses ref-

erence signal. Output is rectified error signal 

for infrared analyzer used to detect leaks 

in automobile air-suspension systems.-P. G. 

Balko, Infrared Finds Auto Suspension Leaks, 

Electronics, 31:49, p 82-85. 
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EOUIV 
TRANS-
ISTOR 
SOURCE 

EOUIV 
TRANS-

, ISTOFt 
LOAD 

e 9 8 

o 

o Ct • CC , 
‘,, ctz z. 0.« 
tz=v-,2 
1-0 z0 
cr cc .00 
o = aw 

0, 

445-KC TUNNEL-DIODE AMPLIFIER—Has ap-

proximately 20 db gain.— I. A. Lesk, N. Ho-

lonyak, Jr., and U. S. Davidsohn, The Tunnel 

Diode—Circuits and Applications, Electronics, 

32:48, p 60-64. 

150 K 

1 M 

0.1 gf 

Input0—)I  

o  

2.7 M § 

47 i.tf 
6 v 

HIGH-GAIN VOLTAGE STABILIZER—Use of 

constant-current diode as collector load in-

creases overall gain of amplifier from 500 to 

11 K 

 eV\Ai  

2.014f 

)1  

about 700.—T. K. Hemingway, Applications 

of the Constant-Current Diode, Electronics, 

34:42, p 60-63. 

§ 200 K 

20 K 

100K § 3.6 M § 20 K 

0.112f 

 IF-
Q2 

2N930 

20 K 2.0 M 

3.3 K 

Q3 

2N2498 

200 12 

 o + 28v 

10 btf 

10 v 

Output 

Q4 

2N930 

1N756 

HIGH-INPUT-IMPEDANCE A-C AMPLIFIER— 

Gives input impedance of 30 meg without 

sacrificing bandwidth or noise performance. 

Voltage gain is 40 db. Technique involves 

60-CPS BANDSTOP AMPLIFIER—With let as 

output buffer to give near-infinite load im-

pedance, twin-T notch filter gives up to 50 

db attenuation at notch frequency.—FET's and 

RC Networks (Siliconix ad), Electronics, 39:4, 

p 71. 

bootstrapping fet Q1 and using fixed bias 
for its gate. Q2 is operated grounded-base 

to reduce Miller capacitance of field effect at 

high frequencies.—Texas Instruments Inc., 

005 

FroreT li 
5011 
Source 

-30v 

2N2865 9-7 
e 

lOph 

150011 

100K 

120011 91011 

1N757 1N3030 
(9.1v) (27v) 

VOLTAGE-TUNED 60 TO 90 MC—Gives over 

40 db gain with 50-ohm source and load. 

Untuned input allows constant source imped-

ance over tunable frequency range of silicon 

o 

"Transistor Circuit Design," McGraw-Hill, N.Y., 
1963, p 520. 

XA585 XA583 
2N2 865 9-7 

002 •  

_re 

Frequency Adj 

1 5K 

100K 

5pf 

/ / To° 

5011 
Load 

* C.1000pf feedthrough 

Fourth lead grounded on transistces 

XA585 voltage-variable capacitance diodes, 

with excellent stability and tracking—Texas 

Instruments Inc., "Solid-State Communica-

tions," McGraw-Hill, N.Y., 1966, p 297. 
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150 K 

IM 

0.1 pfd 

Input 

II K 20 pfd 

+ 
/1 

2N2498 

Q1 

47 pfd 

2.7M 20K 20K 

o 

100K > 3•6M >  

0.1 pfd 
If 

2N930 

Q2 

§ 20K 

47 
[ 4. pfd 

e • 
6v 

BOOTSTRAPPED FET SOURCE-FOLLOWER— 
Gives 6 db gain for high-impedance trans-
ducer output, when 5-meg gate bias resistor 
is bootstrapped to the source through 100-
mfd electrolytic.- 1.. J. Sevin, Jr., "Field-Effect 
Transistors," McGraw-Hill, N.Y., 1965, p 67. 

IShield 

Ci5 

Rio 

ge-"ei-e etj77' 

01 -03 2N2996 

C 1 = 50pf 

C2 = 9 - 180pf 

C3,C5,C7,C9,Cii,C13 . 9-180 pf 

C4,C8,C12. 12 pf 

C4 

n7 

RFC' 

L3 

5 

2N 2498 

Q3 

>:2.0M 

5Mfl 

+28v 

51Kfl 

3.3K 

10 pfd 

10v 
Output 

IN 756 

o 

560K.0 

6V 

1 \ - 
100p.f 

o 

A-C COUPLED CASCODE—Circuit is uniquely 
suited to increasing bandwidth of low-noise 
amplifier by reducing Miller effect and per-
mitting independent adjustment of operating 
conditions for optimum noise performance.— 
Texas Instruments Inc., "Solid-State Communi-
cations," McGraw-Hill, N.Y., 1966, p 143. 

2N2500 

 o 6V 

2N930 

5µf 

C6 Q   

Ci8 

RI2 
e-wv-e C20 

o 
+I2V 

C8,Cio,C1,4 . 25 pf 

C15 to C23.0.0015.0 

RFC1 - RFC2 . 150h 

L1 to L7 . 0.27ph 

C8 

)1  

L4 

RFC 2 

1 

Ci 3 

R13 

Ci2 Ci4 

in 

23 

,R2,R3 . 1.0K 

134,R5 . 100 OHMS 

R6,R7,R8 . 1.5K 

R9 to R14 . 3.0K 

30-MC DOUBLE-TUNED—Proper lauding pro- 2N2996 at this frequency. Total power gain "Solid-State Communications," McGraw-Hill, 

vides good stability along with gain of 21 is thus 63 db, for noise figure of 2., db and N.Y., 1966, p 310. 
db per stage, despite inherent instability of bandwidth of 3 Mc.—Texas Instruments Inc., 
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0.1uf 

0-1 

INPUT 

15uh 

10v 

WIDEBAND UNITY-GAIN FET—Input imped-

ance is about 100 meg, and response is 

within 3 db from below 10 cps to 1 Mc 

for 100K generator resistance.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 296. 

—fi---- 68 pf 

0.01 µh 2N1141 

4-30 —É 

Pf 

_L 

1 K 

4K 

lauf 

(-0 

20v 

OUTPUT 

4-30 pf 

0.08 µh 2N1141 

6151) 

1 0.002 le 

=7 

1 0.002 ,uf 1 0.002 µf 

50-0 
Source 

300 pf 35 pf 

014ph 

7/16" 
1 17r 1-1-' 

5 " 167 

2N2865 

• 
0.68ph 

1000 pf 

1 X 

r 3/4" -1 
L, 

- (Set I, = 4 - ma) 

2.5 pf 

0.035 ph 

1000 pl 

0.68 ph 

1000 pl 

+10v 

50-11 
Load 

C, = 300-pf undipped ceramic capacitor 

Bypass capacitors = Aerovox Hi-0 EF4, 1000 pf, 1000 v 

1.8-13 pf, set at 7 pf 

L, 0.014 yh: copper strip, 1/32" a 5/16", bent to 7/16" dista. Q, == 200 

L, = 0.035 ph: copper strip, 1/32" a 3/8", bent to 3/4" dom. Q. - 300 

250-MC R-F FOR MILITARY VHF BAND—Gives 
12.5 db gain and noise figure of only 5 db, 

with excellent stability.—Texas Instruments 

Inc., "Solid-State Communications," McGraw-

Hill, N.Y., 1966, p 297. 

4-30 pf 

0.08 ¡ah 

_L 

2N1141 

1 K 

4 K 

100 mc RFC — 25 
o v 61:00'  

4-30 pf 

0.08 and 0.1 ph coils are 3 and 4 turns respectively of No. 18 

tinned bus wire, 1/4" diameter 

0.01 ¡ah coil is 1 turn of NO. 00 enameled wire, 3/8 " diameter. 

100-MC CASCADED—Uses mismatch design 

technique to obtain desired overall gain of 

WIDEBAND AMPLIFIER—Twin-T amplifier is 

used between crystal detector and cro of mi-

crowave spectrometer for studying electron 

resonance phenomenon in paramagnetic ma-

terials.—R. R. Unterberger, Microwave Spec-

trometer Tests Electron Resonance, Electronics, 

32:11, p 142-144. 

t 850 e 

37.5 db at bandwidth of 9 Mc for three "Transistor Circuit Design," McGraw-Hill, N.Y., 

cascaded stages.—Texas Instruments Inc., 1963, p 290. 

220K 

µ,uF 0.47 

i124 X7 

10, 220 
-4- yosF 
440 
isisF 

20K 
I6K 
6K 
3K 
I2K 
I IK 2 DB 
10K STEPS 
8.2K 
75K • 
6.2K 

10K 

K X1,000 

6.8 
5.IK 22K 10 DB 

iK STEPS 

10K 

250v 
2 MEG 
0.47 

2 A U7 
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DOUBLE-BOOTSTRAPPED FET—Both drain and 

source are bootstrapped in 6-db high-input-

impedance amplifier, to reduce effect of fet 

capacitances so they are insignificant com-

pared to stray circuit capacitances at input 

terminal. 10-K pot provides gain compensa-

tion adjustment.— L, J. Sevin, Jr., "Field-Effect 

Transistors," McGraw-Hill, N.Y., 1965, p 69. 

50{1 

SOURCE 

100pf 

1 5-15pf 

; 
e 

L, — 21 = 16 WIRE ID 25'C 
TAPPED AT I TURN 

2N1141 

10 
2N1141 

THREE-FET A-C AMPLIFIER—Can be used in 

applications requiring amplification of micro-

volt signals, as in ultrasensitive preamps for 

null detectors, medical research equipment, 

recorders, oscilloscopes, and low-level trans-

ducers. With 100K generator resistatiLe, am 

plifier 3-db bandwidth is 1 cps to 40 kc.—L. 

J. Sevin, Jr., "Field-Effect Transistors," McGraw-

Hill, N.Y., 1965, p 107. 

I shield 

0.1pfd 

2M 

51 K 

2 7- 30 

Pl 

T\-\ 

5 6{/fd 

1 5-15pf 

Rt r 50 11 

0 03ph 

) 1000pf 

1 2ph 

Vcc, — 21v 

173-MC POWER AMPLIFIER— Uses two 2N-

1141's in parallel to deliver average of 400 

mw, with power gain of 11.5 db and col-

lector efficiency of 42%. Has excellent large-

signal performance.—Texas Instruments Inc., 

"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 320. 

2N2500 2N2497 2N2497 

220pfds-

510K I K 

50 V 

2N1 131 

400K 

I Op fd I0v 
+ c 0  

51 K 

68pfd 

10v 



22 SOURCEBOOK OF ELECTRONIC CIRCUITS 

— 50 
04 SOURCE 
Ocr 

SIGNAL VOLTAGE STABILIZER—Main amplifier 

is followed by emitter-followers to reduce 

fraction of d-c load current flowing in col-

lector load of amplifier. In this conventional 

arrangement, overall gain is only about 500. 

—T. K. Hemingway, Applications of the Con-

stant-Current Diode, Electronics, 3442, p 60-

63. 

O lut 

AIR DUX AIR DUX 
504 1010 

AIR DUX 0 lut 

CC\ 

VARIABLE CAPACITORS (4) 
ARCO 315. 1400 3000 pf 

2N1937 

at 
e  

20t 

FREQ = 47 mc 
-= 2W 

Po DRIVER = I3W 
Po AMP -= 34W DRIVER = 2A 

DC P, = 6A (a 20VDC ( TOTAL) HNA L 4A 

T„, c, ,-- 
0 luf 

CC\ CC\ 
92 TURNS # 18 WIRE ON 

 1" PLEXIGLASS FORMS = 640 

Z35V 

4t 

20t 

2N1937 

AIR DUX 
504 

5'2) 

4.7-MC DRIVER AND AMPLIFIER—Common-

emitter connection gives good power gain 

with collector-emitter voltage of 20 v, though 

CASCADED EMITTER-FOLLOWER WITH CUR-

RENT BIAS— Improved frequency response is 

obtained by biasing Q1 with current gen-

erator in emitter leg. Input impedance is 6 

meg. Frequency response k within 3 db 

from 10 cps to 1 Mc.—Texas Instruments Inc., 

"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 181. 

36M §20K 
O lof 
I/ •  

I®  TO 
-a 500 

LOAD 

35V 

CC\ 

Vc, 

gain varies with frequency.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 316. 

20V D.0 

*el 
1.0i.LfT 

INPUT> )1  

INPUT> ) 
4+2 Loki{ 

33K 

lOof 

 1E-OuTpuT 
10v 

COMMON 

1.04 E5•6K 2.2K 

(*10V) 

I.5K 
ADJUST FOR 
+10 V D.C. AT 
OUTPUT 

OUTPUT 

HIGH VOLTAGE GAIN—Provides gain of 

3,500 into 10-meg load, by operating tran-

sistor in common-base configuration and 

using constant-current source in collector cir-

cuit. Circuit is balanced, so either transistor 

can operate as gain stage while other serves 

as current source. Feedback overcomes prob-

lem of critical d-c bias.—A. J. Adler, High-

Gain Amplifier, FEE, 11.8, p 31. 

LOW-LEVEL 1 CPS TO 500 KC—Features in-

clude input impedance above 30 meg and 

noise figure below 3 db over wide range 

of generator resistances. Bootstrapping of 

input stage enhances high input impedance 

of fet. Will operate down to 1 cps without 

need for large capacitors. Upper frequency 

limit is 500 kc for generator resistance of 

100K. Voltage gain is stable within 0.5 db 

of 40, from -- 55 to + 125°C.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 290. 
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LOW SOURCE IMPEDANCE—Tubes VI and V2 

provide single-phase inversion with output 

impedance below 0.5 ohm over 50-kc pass-

band when feedback loop is closed. Output 

of V2 feeds identical combination V3-V4 to 

provide second output in phase with input 

to VI. Trim adjustment is provided to insure 

unity gain for both outputs. Used in auto-

matic doppler cycle counter for measuring 

position and velocity of missiles.— B. E. Keiser, 

Digital-Counter Techniques Increase Doppler 

Uses, Electronics, 32:21, p 46-50. 

Input o  

20X 

INPUT 
100K 

100X 

5p.µF 
0.02 z  

620K 

6AU6 1.3 
+I25V MEG 

0.01 560 8 

V3 
6AU6 

20K 911( 

0.02 f -300V 

7 

+125V 1.3 

1M t'control Volume 

10 

100K 100K 100K 

500-MC NEUTRALIZED AMPLIFIER—Small-sig-

nal circuit provides 17 db gain and noise 

figure of only 3 db. Input impedance is 51 

ohms and output impedance is 1,300 ohms 

in parallel with 1.8 pf. Neutralizing voltage 

is obtained from coupling loop 13, which is 

silver-plated strip of beryllium copper run-

ning parallel to L2.—Texas Instruments Inc., 

"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 299. 

0.01µf 

IM 

2N929 

10K 

10K 

0.25pi 

Hi Z phones 

-15V 
Output 

, V28 
76U8 

IMEG 82 

v4s 
i6U8 

IMEG 

+275V 

V2A 
i6U8 

OUTPUT 

+275V 10.02 

V44 
6U8 2 

39K 

150V 

+OUTPUT 

82 0.01-r 81 -

-150V 

0.02 

391< 

RC-COUPLED FET AMPLIFIER— Used to drive 

high-impedance headphones in optical com-

munication system. Series peaking capacitors 

CA and CB compensate for high-frequency 

inadequacies in rest of system. No large elec-

trolytics are needed. Without peaking capaci-

tors, amplifier voltage gain is about 400 and 

upper and lower break frequencies are 17 

cps and 35 kc.—L. J. Sevin, Jr., " Field- Effect 

Transistors," McGraw-Hill, N.Y., 1965, p 64. 

NEUTRALIZATION 

2.20 ADJUST 

2N3570 Ce 

  .C1 C2 

1.5 -200 40", 1.5-100 

RFC 
015ph 

1000pf 

C4 

1 

L 3 

e  
L2 

3-35 pf 

C7 

C5 C6 

5-10pf we15-20pf 

-,RFC 

cp, 

-VEE 

L1=SILVER-PLATED BRASS ROD- 1 9/16"1 FNGTH.1/4"DIA 

L2=S1LVER-PLATED BRASS ROD- 2 1/8" LENGTH,1/4"DIA 

O 

+VCC 
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O • o 

in Fu 25 megohms 

I 10 
00,4f 

2N2412 

COMPLEMENTARY CURRENT MULTIPLIER— Use more effective. Input impedance is 25 meg. 

of complementary transistor Q4 increases Response is 50 cps to 1 Mc.—Texas lnstru-
current multiplication and increases gain at ments Inc., "Solid-State Communications," 

emitter of 02 by raising effective value of McGraw-Hill, N.Y., 1966, p 183. 

RE2. This higher gain makes bootstrapping 

In 
(Rg 

-12 V-V\A  
I K 

100 pF 

< I K) 

0.5 MH 

QL 32 
(RL = 10K) 

-= 100 KC, Q .z 192 ( M z 6) 

Out 

(vouT VIN ) 

2N404 
too) 

6.8 K 

+12 V 

Q MULTIPLIER—Circuit Q in single- coil arrange- design.— J. R. Woodbury, Simple Transistor Q-

ment is insensitive to drift in transistor pa- Multiplier or Oscillator, Electronics, 35:22, p 

rameters, permitting use in filter and oscillator 53-54. 

2 
2N930 

E0 

loon 

BASIC DARLINGTON—When used as beta-

squaring circuit, chief drawback is severe 

change in offset voltage with temperature. 

If base-emitter voltage varies about 2 mv 

per degree C, 25'C temperature change can 

give output change of 50 mv per stage.— 

R. C. Going, Temperature-Stabilized Darling- 500-MC SMALL-SIGNAL— Uses 2N3570 silicon ments Inc., "Solid-State Communications," 

ton, EEE, 11:7, p 28-29. 

Ebb 

PREFERRED HIGH-LEVEL CATHODE FOLLOWER 

—Used to isolate critical circuits from their 

loads, because it has high input impedance 

and low output impedance. Not suited for 

driving low-impedance transmission line, be-

cause tube would be severely overloaded. 

Plate voltage depends on tube used.—NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. I, Elec-

tron Tube Circuits, 1963, PC 43, p 43-2. 

250/1 
10V 

Eo 
Q2 
2N996 

COMPLEMENTARY-TRANSISTOR DARLINGTON 

—Use of complementary transistors virtually 

eliminates undesired offset voltages through 

cancelling action. Germanium transistors may 

be used in place of silicon units shown.— 

R. C. Going, Temperature-Stabilized Darling-

ton, EEE, 11:7, p 28-29. 

NEUTRALIZATION 

2.20 ADJUST 

-VEE 

L S1LVER-PLATED BRASS ROD- 1 9/16"LENGTH,1/4"DIA 
L2 'S1LVER-PLATED BRASS ROD- 2 1/8" LENGTH,1/4"DIA 

transistor to give 16 db gain.—Texas Instru- McGraw-Hill, N.Y., 1966, p 259. 
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HIGH INPUT IMPEDANCE FROM 100 CPS TO 

230 KC— For transducers requiring input im-

pedance above 1 meg. Requires only single 

power supply, for direct coupling of low-

level high-impedance sources. Voltage gain 

is stable within 0.05 db of 20 db from 25 

to 125 C. Power gain is 46 db and power 

consumption is only 65 mw.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 294. 

VEE 
(Set for 5 ma) 

50 
SOURCE 

450-MC R-F FOR AERONAUTICAL BAND— 

Common-base configuration gives slightly 

more power gain at this frequency than 

common-emitter circuit. Power gain is 20 db, 

noise figure 4.5 db, and bandwidth 10 Mc. 

—Texas Instruments Inc., "Solid-State Com-

rntinirations. McGraw-Hill, N.Y., 1966, p 298. 

15 v 

Rg = 1 MEGOHM 

330K 

IN2069 .1 

21,12415 

30 ua 

43K 

180 .0 

130 K 

2N24I I 
02 

-28v 

-99v I 66K 
 • 13 3 v 

200uf 
15v 

22 ma 

4 87 K 
T. 15v 

2N930 

(Shunting effect of BIAS NETWORK 

eliminated by effect of positive feedback loop 1 

2 3n)e_,ee„„__,e ImEG" 100K 68(Pf_ 

Rf 
6 v 680 

1-5 pf 

15v 

RI: 3 3K 

60-MC AMPLIFIER— Design equations are given 

and example worked out for 10-Mc band-

width at 60 Mc and gain of 11.5 db, using 

2N743. LI is 1.5 turns of No. 14 wire and 

L2 is 2 turns, both 0.25 inch in diameter. VEE 

is 5 v.—Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 

p 87. 

2N2415 

20 1 11° 20 

1.8.9.4 

L2 110 500 

LOAD 

, = 14" of It" DIA. BRASS STOCK 
TAPPED AT h" FROM GROUND 

12=14"of h" DIA. BRASS STOCK 
TAPPED AT I.1" FROM GROUND 
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OUTPUT 

e 1 2K 

LOAD 
10 0 K 

INFINITE INPUT RESISTANCE— Uses metal 

oxide semiconductor field effect transistor as 

buffer to give input impedance of 10 15 ohms. 

Amplifier gain is unity within 0.1% for 100K 

load. When adjusted, output equals inpu: 

within 10 mv over allowable range of 10 

y above or below ground.—A. D. Delagrange. 

Amplifier Provides 10 15-Ohm Input Resist-

ance, Electronics, 39:17, p 99. 

500 
Source 

450-MC R-F AMPLIFIER— Gives average 

gain of 8.6 db, bandwidth of 48 Mc, and 

noise figure of 6 db. Uses linear active net-

power 

Shield 

INPUT 

+10v -I-10y 

5,R 2 

18v > 1K 

0, Q2 

2N918 

20K 

Ri 0.01T 001 
F 

4.7K 

-10v 

2N2894 

OUTPUT 

STABLE 600-MC CASCODE—Gives high gain 

without external capacitor to neutralize nega-

tive feedback of collector-base junction.—M. 

D. Wood, Cascade Amplifier Stabilized by Re-

ducing Interna! Feedback, Electronics, 38:11, 

p 70. 

GAIN-CONTROLLED LOG AMPLIFIER—Based 

on fact that gain of common-emitter fet 

stage is almost inversely proportional to 

emitter resistance, and resistance of fet 

operating below cutoff is linear function of 

grid voltage. Can be used as agc amplifier 

and as multiplier.—Y. J. Lubkin, Gain Con-

trolled Log Amplifier, EEE, 10:9, p 91. 

0.013 

h 

500 pf 

0.15 ph 

RFC 

500 pf 

V 
CC 

work, designed with Linvill chart. Lead in-

ductance was minimized by removing most of 

the Teflon from TO- 18 socket so only thin 

disk, approximately chassis thickness, remains. 

—Texas Instruments Inc., " Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 97. 
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0.1 

i+f R 

I k4 

220K 

IN — II  
0.1 

Q4 
2N24I2 

47p.f 

35v 

PLATE-CATHODE FOLLOWER-Has low output 

impedance, good gain stability, wide re-

sponse, and low distortion, making it ideal 

as bridge driver for Wien-bridge oscillator. 

-K. H. Liu, Plate-Cathode Follower Wien-

Bridge Oscillator, EEE, 11:2, p 27. 

V.- 25v 

15k 
10k 

HIGH-INPUT-I FET AMPLIFIER-Bias current 

is obtained from common-base current gen-

erator 02. 03 and 04 function as comple-

mentary current multiplier. Bootstrapping for 
RB is obtained directly from emitter of 03. 

Voltage gain is 2 and input impedance is 

200 meg. Response is flat within 3 db from 

1 to 500 kc with generator resistance of 

1 meg.-Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 
p 187. 

220K 

0.1 

2N35 

22K 
22K 

C, I pF 

INPUT 

- 

2,000 
pF 

I +18 V 

OJ 

F- OUT 

2N35 

2.2K 

2N384 

OSC 

50H 

0.001 

2.5-4 1M64 
1-2 V 
OUT 

211 NO.28 

L2 
21 NO.28 I 

91 NO.28 I 
L3 

121 NO.281 

COIL FORMS LS- 6 CAMBION 

HIGH-IMPEDANCE PARAMETRIC AMPLIFIER-

Wide-band amplifier uses diode biased with 

r-f to give 40-db gain. Input impedance is 
above 10 gigohms, and frequency response 

is within 3 db from 3 cps to 200 kc. Diode 

D1 is energy storage element. Crystal-con-
trolled transistor oscillator is pump frequency 

source.- D. Roveti, Diode Amplifier Has Ten-

Gigohm Input Impedance, Electronics, 34:51, 
p 38-40. 

Cl 

512f 

+25V 

01 

C2 
(- 0 

50»f 

02 
2N1132 

PREFERRED EMITTER-FOLLOWER-Used to 

match high-impedance circuit to low-imped-

ance load. Will accept positive and negative 

pulses or sinusoidal input. Low output im-

pedance for pulses results in high operating 

speed into capacitive loads. Bandwidth for 

600-ohm source impedance is 50 cps to 3.5 

Mc. Voltage amplification is 0.8 and power 

gain is 12 db.-NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Circuits, 

1962, PSC 22 (originally PC 222), p 22-2. 

100-DB AMPLIFIER-Used in distortion monitor 

to drive indicating vtvm.-G. H. Smith, Distor-

tion Monitor Checks Linear Amplifier Charac-

teristics, Electronics, 34:27, p 57-59. 
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DIODE-STABILIZED BIAS—Positive shunt feed-

back cancels shunt impedance of bias net-

work and transistor. RE1 is made small to 

obtain gain of 10; as a result, input impe-

dance is limited to 1.5 meg. Excellent bias 

stability is obtained. Three diodes compen-

sate for variations in base-emitter voltage 

of 01, and negative d-c feedback from RE2 

further increases bias stability. Response is 

flat within 3 db from 100 cps to 500 kc.— 

Texas Instruments Inc., "Solid-State Commu-

nications," McGraw-Hill, N.Y., 1966, p 184. 

+2'6 

50K 

10K 
E IN • w• 

150K 

I K • 

47 
10V 

IN2069 

eg 

Total power 65.5mw 

+20 

10K 

10K 

1K 

01 
2N708 

390 

150K 

1k po 

10k 

10K 150K 

1K 1K 022 
•--y•,--•-••••••= 1> 

02 
2N 708 

3 10K 

I-5pf 

10K 

47K 
eV. 

CI 3 

 \...„2N 708 

390 

+20 

usoke ek 

1K 

1K • 
j  

47 
10V 

R4 

100K; 

R5 

22K: 

04 
2N708 

.10K 390 

150K 

ix 100 
• 

10V 

10K 

1K 

150K 

1K 

05 
2N708 

I. 
0.22 

— 047 
•••••• 

10K 390 10K 

10K 

47K 

06 
2N708 

390 

40 

ADJUSTABLE INPUT IMPEDANCE—Q4, 01, and 

02 in negative feedback loop encompass 02 

and 03 in positive loop, to give stable am-

plifier with input conductance of zero ( infinite 

impedance) and unity gain for almost any 

output load, with output of 10 y p-p at 1 ma. 

—R. L. Willett, Positive and Negative Feedback 

Multiply Amplifier Input Impedance, Electron-

ics, 34:27, p 52-53. 

40 

)FOUTPUT 

Eour 

I u t 

°—) 
INPUT c1 

7-.)K 

-28v 

2N930 

hfe 400 

6v -68/cf 

T f I5v 
R. 3.3k 

PASSIVE REDUNDANCY IN A-C AMPLIFIER— 

Uses two amplifiers connected in parallel on 

individual-stage basis, with 1K isolation re-

sistors between stages. Amplifier is opera-

tional type having closed-loop gain of 10, 

open-loop gain of 1,000, and 3-db open-loop 

frequency response from 30 to 1,500 cps. 

Both open-loop gain and frequency response 

are functions of failure mode of circuit, with 

most types of failure affecting performance 

only slightly.—T. B. Booker, Designing Re-

dundant Analog Amplifiers, EEE, 13:2, p 

55-59. 

ALL 1,11- > I> 1 oH.,; 1 2 KATT 

GROUND 
F.,  PLANE 

+12 V 

2N3763 

Q6 

OUTPUT 

4-W WIDE-BAND AMPLIFIER— Uses comple-

mentary transistors for operation up to 100 

kc with low distortion. Output is class B. 

All leads should be kept short, to minimize 

tendency to oscillate.— N. Freyling, "A 4-Watt 

Wide-Band Solid-State Amplifier," Motorola 

Application Note AN-209, Mar. 1966. 

RL 

12V 
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+300V 

VIA 

-IN 

.±2V 

0V+ IN 

-300V 

I? AU 8A 

C, lOpi 

- CHASSIS 
GROUND 

220K 
OPTIONAL 
COMP 

16-KC COMPENSATED OPERATIONAL AMPLI-

FIER- Uses pentode V2A as voltage amplifier 

to provide up to 140 y peak signals at grid 

of output cathode follower V2A. Will go up 

to 50 kc without compensation.-H. Koerner, 

How to Extend Operational Amplifier Re-

sponse, Electronics, 33:46, p 90-91. 

CONSTANT-CURRENT DIODE AS COLLECTOR 

LOAD-Gain is 45 with 4.7K resistive load, 

and increases to 750 with CCD as load. 

Gain-reducing effect of external load parallel-

ing CCD can be eliminated by using emitter-

follower to isolate load from collector circuit. 

-T. K. Hemingway, Applications of the Con-

stant-Current Diode, Electronics, 34.42, p 60-

63. 

504) 500 
SOURCE pf L r 2 7 300 

VIN 

2N1225 

'SHIELD 

2N743` 

0 68ph 
RFC 

ADJUSTABLE-BANDWIDTH AMPLIFIER- Band-

width can be varied frnm 190 to 280 kc by 
varying bias voltage un vutiLup diodes be-

tween 0 and 10 v. Used in frequency-re-

sponse equalization and other system appli-

OUT 

100K 

50-KC OPERATIONAL AMPLIFIER- Develops 

full rated output of 100 y into 10,000-ohm 

load up to 50 kc. Open-loop gain is 36 db. 

-H. Koerner, How to Extend Operational 

Amplifier Response, Electronics, 33:46, p 90-

91. 

+V(A.9.+9VOLTS) 

INPUT 

iGinA 

25 

RI 
62K 

3 

R3 
2.2% 

i VA7l3 
CCD ImA 

(750X1 
V( 9V)  

4.7% 
(45 X,) 

0072 (k- 5V D- C, 
DETERMINED BY 
RI,Ft 2 AND +V 

OUTPUT 

3 120 

+ 10V 

1000 pl 

0 68ph RFC 
500pf 

504-1 
LOAD 

9 180 
pl 

Vc - - 22 V 

0.1 F 

VEE r-15 V 

330 K 330 K 

50 K 
BIAS VOLTAGE =7. 

02 
PSI 
V900 

COIL NO 

INDUCTANCE DATA 

AIR DUX NO NO ¡ URNS 

404 5 

408 

250-MC POWER AMPLIFIER- Gives good per-

formance for both small and large signals. 

-Texas Instruments Inc., "Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 320. 

5o 
SOURCE o (me 

cations requiring automatically adjustable 

bandwidth in low-pass circuit.-M. G. Wilson, 

inw.rns% Amplifier with Adjustable Band-
width, Electronics, 39:11, p 90-91. 

2N2410I 

500p_f+420V 

/97 6.8ph 
50 n 

0,18h LOAD 

500pf 
9 0-
180pf 

50-MC POWER AMPLIFIER-Power output is 

up to 1 w and collector efficiency above 

50% for common-base operation.-Texas In-

struments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 317. 



CHAPTER 3 

Analog Circuits 

+18 

INPUT 

4.7K 

200 

I5K 

RI 
4.7K 

CI 
100 pF 

2N338 

03 
2N1233 

1.2K 5K 

ANALOG DIFFERENTIAL AMPLIFIER—Input im-

pedance is above 300,000 ohms and output 

impedance 1 ohm, in d-c amplifier for ana-
log input channel. Q3 and Q4 provide gain 
and phase inversion for feedback through 

4.7 

INPUT 
FROM 
MULTIPLIER 

0, 
2N404 

02 
2N357 

+6 

AMPL AND INV 

-30 

T P-I 

2N598 

R2 

TO 5K 
POLARITY 
DETECTOR + 25 

Q4 
2N598 

06 
2N357 

2N404 

R3 
100 

— 4.7 

INVERTER AND PULSE STRETCHER—Circuit 

takes sampled output of multiplexer and 

provides current required for driving trans-

0, 
2N338 

02 

05 
2N404 

OUTPUT 

1K 

+18 

complementary emitter-follower 05-Q6 to dif-

ferential amplifier QI-Q2.—N. Aron and C. 
Granger, Analog-To-Digital Converter Uses 

Transfluxors, Electronics, 35:20, p 62-66. 

2K 

FOLDER AND STRETCHER 

-12 

50K 

07 
211598 

o 

5 

-30 

TP-3 

09A 
2N357 

3K 

CLEAR 
PULSE 

2N598 

,-653C4 ( TV) 
/ ( 2) 

1N270 
200 

09 
2N404 

425 +6 -3V +6V 

2N586 

C. 
40 

FROM FROM 
DIGIT 2 

--- TO COMPARATOR 
- 9 +10V 

I0l 271123 026 R6 
214123 .00 

FROM CURRENT 
SWITCH IN DIGIT CARD 1 

SUMMING AND WEIGHTING NETWORK—Con-

sists of eight identical circuits. Precise value 

of direct current from constant-current source, 

fed into first node of resistive ladder net-
work, produces 2.5-v step at summing and 

weighting network output, or half of maxi-

mum analog input of 5 v.—W. B. Towles, 

Transistorized Analog-Digital Converter, Elec-

tronics, 31:31, p 90-93. 

-30 

2N586 

2K 

2.5K 

DIGIT 8 

VOLTAGE AMPL 
AND CURRENT DRIVER 

2N598 

214586 

650C3 

653C9 

214586 

READ DRIVE 

READOUT DRIVE 
(SENSE) 

0 15 
2N301A 

Q Id 
2.14472 

• C) 

fluxor in analog-digital converter that pro- Uses Transfluxors, Electronics, 35:20, p 62-66. 

duces six-bit binary Gray code.—N. Aron 
and C. Granger, Analog-To-Digital Converter 

30 
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—10 

RECORDER 
OUT 

F113 
100 

1024 

Re 012 1114  
D2 ^ 

I3.3K 011 

R4 Dlo 

27.4K D9 

1114  
R9 De 

COMPLEMENT 
GATE IN 

25 

Z 023 

0-1 MA 

RI2 
4.64K 

o, 
2N396 

WI • 022 R11 
Di 

D2, I3.3K 

L 24 K 14  
D20 Re3 

z 
, Di9 27.4K 

Z Ig18  
L ., 23 K 

018 R9 
w z 

53.6K 7 2 Z Da 53.6K o. b... 

bel  o o  14 

5 

R2 Da 

110K 0, 

101  

L L, 22 3 K 
016 R9 , 

on c.., .---litylel( 

z 

Ni  
RI 04 L 2' K D14 R, 

2151.--i%A"rr) 43--

IN elDc,is  
ALL DIODES IN457 L 20 K R6 
ALL RESISTORS I% STORAGE REGISTER ._____ovs.A.,--

2I5K 

DIGITAL-ANALOG CONVERTER—Converts bi- Measures Frequency Jitter, Electronics, 
nary digits to analog form.—K. H. Brackney p 54-56. 

and D. R. Gosch, Pulse Comparator Circuit 

+10 

NE2 

DECIMAL 
POINT 

INDICATORS 

VIN 

3.6K 

33.0K 

300K 

EXT CAL VOLT INPUT 

EXT REF 100 K 

34.8K 

FROM V-R TUBE 
(+150 VOLTS) 

13K 

0.5 MEG 

0.5 MEG 

0.5 MEG 

100 V 
o  

CALIBRATION 
BUTTONS 

6K 

R1 

SLOPE ADJUST 

MEG 

1 MEG 
 VVN.  

R7 

50K 

1MEG 0.5 MEG 

NE2 

+IND 

150K NE2 

- 300 

— 

100K _= 

300M 

2R +50 V 

ER. + 20V 

'LT 

LOGIC CONTROL VOLTAGE 

LADDER-TYPE NETWORK DECODER—Transistor 
replaces spdt switch for binary conversion of 

analog signal. Transistor's own saturation 

voltage (shown as ground for simplicity) 

serves as lower reference, while diode pro-

vides upper reference. Chief drawback is 
34:27, poor temperature stability.—C. R. Pearman 

and A. E. Popodi, How to Design High-Speed 

D-A Converters, Electronics, 37:8, p 28-32. 

R6 

1 MEG 

56K 

500K 

250K 

75K 

1 MEG 

—300 

02 180K 

R4 

10K 

1 MEG 
VVY 

1 MEG 

--)I  
0.01 

42pF 
-300 

100K 

OFFSET ADJUST 

12 5 

MEG 

100K 

3 Où 

FROM 
ONE 
SHOT 

OUTPUT 
ro GATING 
TUBE 

I8K 

ALL DIODES 1N6 4 3   +300 

DIGITAL VOLTMETER CALIBRATOR—Calibra- voltage is converted to pulse whose width han, Digital Voltmeter Employs Voltage-7o-

tion voltages of 100, 10, and 1 y are de- is proportional to input amplitude. Used for Time Converter, Electronics, 34:18, p 67-69. 

rived from reference voltage, for use in gating clock pulses into digital counters for 

calibrating digital voltmeter in which analog voltage readout.—B. Barker and M. McMa-
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4320V 

62.5K I25K 250K 500K 51M > 2M 

200 500 < 500 < 1K <2K <5K 

D2 Di 07 D 

0 1 
11150 BIT NO. 

DIGITAL INPUT 

O 
10K 

-1-3V 

2N269 

5.1K 

-6V -3V 

ELEVEN-BIT DECODER-Well-regulated transis-
tor power supply and binary-weighted net-

work of precision wire-wound resistors give 

high-precision conversion of 11-bit digital 

value to current analog. Output goes to 

magnetic modulator. Regulated 320-v supply 

500K ≤ IU 2M RI 
2M 

IK 2K k5K 10K 

D2 Di 

f ei 

6 7 

2N94A 
02 

VIDEO PROCESSOR-Analog video input from 

closed-circuit tv microscope is converted to 

binary video output by difference amplifier 

QI -Q2, squaring amplifier 03, pulse shaper 

04, and emitter-follower QS which buffers 

SIGNAL 
INPUT 

..-12V +20V 

600 2K 

47 200 

2N9I7 
olf7a_ 

BIAS 

ISOLATION 
STAGE 

-5V 

THRESHOLD 
TUNNEL-
DIODE 

RI 
2M 

Re 
IN 

D2 DI D3 

fit r NAG 
MOD 

9 10 -= TURNS 
LSD N1 

ir* 21 

Y  161 

ONE SWITCH 
PER 
BIT 

3 11. I61 

ANALOG 
OUTPUT 

ALL DIODES: PS 561 
DECODER : ±0.005 PERCENT 

(not shown) uses silicon junction diodes in 
full-wave bridge, with silicon zener diode as 

reference.-N. Aron, Precise Converter Takes 

Current Analog of Digital Voltage Pulses, 

Electronics, 35:32, p 68-71. 

VIDEO 
OUT 

02 
2N369 

R-C network from Schmitt trigger Q6-Q7.-

N. F. Imo and W. Coles, Blood-Cell Scanner 

Identifies Rare Cells, Electronics, 35:17, p 

52-57. 

INTERROGATION 
PULSE 

RESET 
PULSE 

50 50 

200 200 

TD- I04 ( GE) TD-104(GE) 

MEMORY 
TUNNEL-
DIODE 

OUTPUT 

I 5K 
SIG OUT 

C -DD, 

0) 
2NI302 

01  
IN270 

500 

02 
2N650 

0, 
2N4 91 

IN270 

270K 

IN270 

20K 

BLEEDER r 
RESISTOR: 

IN270 

E3OK 

C, 
1_ 

UJT CONVERTER FOR ACCELEROMETER-Con-

verts digital output to voltage analog that 

indicates rate of acceleration or, when 

bleeder resistor is removed, actual distance 
traveled.- F. W. Kear, Unijunction Transistor 

Pulse-Circuit Design, Electronics, 35:21, p 

58-60. 

(.. R:[)200 

  2 

v ( t)35M 

vo 

GERMANIUM 
4. 4.45MA 

Iv. 1.55MA 

VF. 260MV 

( TAILORED BY 
CONVENTIONAL DIODE) 

GERMANIUM 
I p 4.75MA 

Iv. INA 

VF 4951.1V 

GALLIUM ARSENIDE 

Ip 5.9MA 

Iv. 0.25MA 

VF .1,100MV 

3 

2° 

28 

22 

THREE DIODES PROVIDE 8 STATES-Three dif-

ferent tunnel diodes, each switching at a 

different input voltage level, act together to 

convert analog input voltage to digital form. 

-B. Rabinovici and J. Klapper, Designing 

Tunnel-Diode Circuits Using Composite Char-

acteristics, Electronics, 35:7, p 46-48. 

50-MC SAMPLING AND THRESHOLD CIRCUIT 

-Threshold tunnel diode receives signal cur-

rent to be sampled and interrogation pulses 

repeating at 50 Mc. Diode fires when signal 

current is below threshold level, making 

memory tunnel diode switch into its high-
voltage state. Current level differences of 

less than 50 microamp can be resolved in 

0.3 nsec, sufficient for converting input into 

six bits corresponding to 64 levels.-H. R. 

Schindler, Semiconductor Circuits in a UHF 

Digital Converter, Electronics, 36:35, p 37-40. 
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COM 

SET 

4T 

+15V-* 

4T 

RESET 

COM 

FROM 
THRESHOLD 
TUNNEL 
DIODE 

-I2V 

I.3K 

TD-103(G.E.) 

TRANSMISSION 
LINE 

TRANSFORMER 
ISEE TEXT) 

MEMORY 
TUNNEL 
DIODE 

WEIGHTING CIRCUIT-Circuit introduces pre-

cise amount of current into point P within 

few nsec in response to output of threshold 

tunnel diode, contributing to accurate con-

version of wideband analog signals into 64 

levels that are described by six bits of 

binary language.- H. R. Schindler, Semicon-

ductor Circuits in a UHF Digital Converter, 

Electronics, 36:35, p 37-40. 

COM 

0.001-

2T 
— IC 

CLEAR 

TRANSFER 

A  

SINE 
WAVE 

400 pF 

+10V 

100 

3 pF 

TD- 103(6.E.) 

INPUT 

RESET 
PULSE IK 

100 

14  
H05001 

2N9I7 

CURRENT 
SWITCH 

CURRENT 
AMPLIFIER 
TUNNEL- DIODE 

DELAY 

IN3EIA 1 1.2 1 
2N404 

-I0V REF COM 

COM COMMON TIEPOINT OF POWER SUPPLIES 

+15V 

COM 

\ PARALLEL 

NOR 
TRANSFER 

I 5 V 

2K +20V 

+6.5V 

2N976 

5,000pF T  

O F ELH 

I SC, 

ISOLH 

TUNNEL DIODES READ 5-APERTURE CORE-

Circuit also controls switching of binary 

weighted current generators used in analog-

digital converter.-W. G. Trabold, Tunnel 

Diodes Save Parts-Continuous Readout of 

Magnetic Cores, Electronics, 36:36, p 38-39. 

  2N3436 

02 

2N2499 

D2 

SQUARE 
WAVE 

OUTPUT 

10K 

FET VOLTAGE COMPARATOR-Circuit uses 
10V spdt configuration. Used to switch reference 

voltnge ( such as ground) to successive points 
on binary voltage ladder until comparator 

determines that output of ladder is equal to 

that of unknown voltage. Sine and square-

wave inputs at A and 8 produce output at 
C. Used also for low-level differential switch-

ing.- J. Gulhenk and T. F. Prosser, How 

Modules Make Complex Design Simple Elec-

tronics, 37:32, p 50-54. 
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COMPUTE 

HOLD 

TIMING 100pF 
CONTROL 

i0K 

20pF 
PULSE INPUT 

El FROM REFERENCE SWITCH 

10K 

02, 03, 04, " AVE COMMON HEATSINK 

C3 
68pF 

40K 

300K 

0.i 

02 03 

1N457 2N1247s 
01 IK 04 

2141676 2N542 5 
700.pF 

4—W ..—er--i(—• 39.2K 
R2 
10K 

Z IN 45 T l  

20K 

20 

7-45pF 

47 

-I5V 

300pF 

0.1 

200pF 

214338 

2K 
48K 8.2K 06 

2N697 

IN705 

COMPUTE AMPLIFIER—Converts digital output for transfer to hold amplifier.—R. M. Centner ics, 35:34, p 32-35. 

of reference switch for serial decoder to and J. R. Wilkinson, New Approach to Serial 

equivalent analog voltage and holds voltage Decoding Eliminates Static Storage, Electron-

10K 

INPUT 
FROM 
AMPL 2 

Ilk 

To SIGN BIT 
OF OUTPUT 
SHIFT REGISTER 

D-C BIAS 

ANALOG SET 
DRIVER 

301A COLL 

+6 

INPUT 
FROM 
TIMING 5K 

2N1014 

2N357 

120 

214598 

5K 

22p.SEC 

-30 

653C4 

+6 

0 4 
2N357 

5K 

-6 

o, 
2N598 

910 

120 

READ DRIVER 

31 INFORMATION 
TRANSFLUXORS 

03 
214404 

-12 

n° -6 

OUTPUT TO SIGN 
BIT OF DIGITAL 

REGISTER ON ENCODER 
PANEL 

1 -1. CLEAR PULSE 

+15V 

-I5V 

OUT 

POLARITY DETECTOR—Q1-Q2 amplify nega-

tive analog samples greater than 100 mv, 

to provide sharp pulse output for driving 

monostable mvbr in analog-digital converter. 

—N. Aron and C. Granger, Analog-To-Digital 

Converter Uses Transfluxors, Electronics, 35:20, 

p 62-66. 

-30 SENSE AMPLIFIERS ( 5) -6 

5 NOISE 
119 COMPENSATION 

TRANSFLUXORS 

240 

3.3K 

0 6 

2N357 

-6 

+50 
INDICATOR 

-12 LAMP 

214357 

07 

214404 

162 

2K 5.IK< 2K 

114270 

5.IK 

09 46 " 

214404 

220 

214404 

214404 

-6 INPUT RESET = - 18 STROBE PUSH 
AUXILIARY BLOCK DRIVER -.-- BUTTON -6 

ENCODER—Used between transfluxor and analog inputs to six-bit binary Gray code. Converter Uses Transfluxors, Electronics, 35:20, 

digital shift register of converter that changes —N. Aron and C. Granger, Analog-To-Digital p 62-66. 

,̂r,e^re--• 

110 A-C 

-12 -6 

2N% '04 I 
REGISTER 
FLIP-FLOP 

1N270 IN270 

2N404 

AUTOMATIC 

RESET 
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+28V 

6.2K 33K 
2% 5% 

112W 114 W 

1 K 
2% 
1/2W 

MANUAL 
INPUT L. 

5K 

10V 
60 CPS 

+50V 

_ 
2K 
2% 

1/2W 

O 

82 
10K 

PULSE 
INPUT 

0.01 

COMMON 

ANALOG 
5.1K 20K OUTPUT 

2% 0.05% 
1W 1/8W 

/  +20V 

± 6.8 

MSB 

+300 
VOLTAGE-TO-TIME CONVERTER—Produces out-

put pulse whose width is accurately propor-

tional to unknown input voltage. Pulses are 

then used to gate clock pulses into digital 

counters for voltage readout. Conversion oc-

curs each time converter is switched on by 

monostable mvbr. Thyratron resets counters 

after each conversion.—B. Barker and M. 

McMahan, Digital Voltmeter Employs Voltage-

To-Time Converter, Electronics, 34:18, p 67-69. 

NE 2's 

TEN-BIT D/A CONVERTER—Ten identical stages 

(three are shown) use selected 2N2501 tran-

sistors and matched PA2054 clamping diodes 

to convert digital signals to equivalent analog 

voltages for driving servomotors, pen re-

corders, and deflection circuits of oscillo-

scopes.—C. R. Pearman and A. D. Popodi, 

How to Design High-Speed D-A Converters, 

Electronics, 37:8, p 28-32. 

LSB 

300 

2.2 MEG 

5965 7 
1.., MONOSTABLE 

4.' ^ MULTI VI ORATOR -= 

8.2K 

220K 

TO ELECTRONIC 
SWITCH P 

100K 

0.04 

150K 
EXT 
TRIG 
— ""ri 

 +300 
0.1 

NEON OSCILLATOR 

$.44 M 

+300 

220 K 

2700 

2 
5696 

RESET RESET TO 
THYRATRON COUNTERS 

30 mH IN643 

POTENTIOMETER ERROR COMPUTER—Compen-

sation technique eliminates need for precise 

high-gain isolation amplifiers when linear 

potentiometers are used as precision voltage 

dividers in analog computing circuits. Error 

is reduced by factor of 100.—M. Kanner, How 

to Reduce Errors in Loaded Potentiometers, 

Electronics, 32:34, p 34-35. 

10K 27K 10K 27K 10K 27K 10K 27K 10K 2jK 10K IK 27K 

27K 27K 27K 27K 27K• 27K 

2N335 2N328A 2N335 2N 328A 2N335 

27K IK 10K 27K I2K 39K 27K I8K 

2N328A 

IN482 

2N335 2N328A 
IN482 

2N335 

2N335 

2N328A 
IN482 

I5K 27K 27K 68K 27K 47K 2.4 27K 

RANDOM-PULSE CONVERTER—Transforms ran- suitable for multiplexing, and provides mem- freaks, 32:44, p 58-62. 

dom information, as from radiation counter ory between events.-0. B. King, Multiplexing 

and micrometeorite detector, into analog form Techniques for Satellite Applications, Elec-

2N328A 
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2N94A 
ANALOG 
INPUT 

3.3K: 

DIFF 
AMP 

02 / 
2N94A 

loo 

04 
2N94A 

i0K 

summING AND 
2N94A WEIGHTING 

N PUT 
EMITTER 
FOLL 

4.7 K IK 100 

AMP 

K 
05 0001 

2NI23 — If  

--(g)INI96 

0 10K 100 

140 40__. 

100 

68K 

0, 470µk•F 
2N94 A 

AMP 

10K 

100 

o, 
2NI23 

TRIG 
AMP 

Q. 
2N123 

• 

BLOCK 
OSC 

IK 22K 

4.3V 

0.001 

27K 

10K Qe 
2NI 

K 

10V 
410V 

•ro 
RESET 

3 GATE 

RESET 
GATE 
GEN 

COMPARATOR—Comparator action begins 

when summing and weighting output exceeds 

analog input and negative pulse is coupled 

—I5V 

PULSE WIDTH TO ANALOG DEMODULATOR— 

Circuit integrates incoming pulse and holds 

final value until next pulse arrives. Output 

then returns to zero for next integration. 

SET PULSE OUT SHIFT PULSE IN SHIFT 
CARRY IN 

SERIAL 
OUT 

- I 0 V 

220 
id:0J 

I NIT ATE 
PULSE 

MONOSTABLE 
.R3 MULTI VIBRATOR e 2.2K 22K 

2NI23 

F." 
C4 
330 
294F 

010 

D2 
1N198 1N198 

43V 

22K 

+10V 

4.7 
K 

hrough Cl. Trai ing edge of blocking oscil-

lator pulse activates reset-rate generator.— 

W. B. Towles, Transistorized Analog-Digital 

'=•• 

Output range is 0 to 10 y for input pulse 
width range of 0 to 1 microsec.—D. Knowl-

ton, Modulated Pulse Width Converted to 

Analog Voltage, Electronics, 38:20, p 99-100. 

2NI23 

47K 22 

toK 

10 

IN198 

Ols 

co 
7 

to 

(:3 c 

Converter, Electronics, 31:31, p 90-93. 

ER r 420V 

E3: +50V 
MATCHED DIODES 2R 

D1 I 13 R4 

II I 12 

LOGIC CONTROL VOLTAGE 

TEMPERATURE-COMPENSATED DECODER— 

Matched diodes in ladder-type network de-

coder change one reference voltage of tran-

sistor switch to compensate for temperature 
effects.—C. R. Pearman and A. E. Popodi, 

How to Design High-Speed D-A Converters, 

Electronics, 37:8, p 28-32. 

ANALOG SAMPLE-HOLD CIRCUIT—Uses diode 

bridge as switching circuit. Operational am-

plifier A delivers maximum current of 10 ma. 

Chopper-stabilized operational amplifier B 

delivers 100 y at 10 ma.—T. A. Brubaker, 

Precision Analog Memory Has Extended Fre-

quency Response, Electronics, 34:39, p 141-

143. 

SHIFT 

181< DELAY DELAY MONOSTABLE 
MULT1VIBRATOR 

82µKF- 2N946 
330 D6 
K.KF IN198 
15 K 

68 
4.7K) K 

015 

22 
K 21N198 

RESET GATE FLIP FLOP 

'0.0001 
INI98I 

-3v 

TO 90-µ SEC GATE GEN — 

CODING DIGIT CARD—Initiate pulse starts cod-

ing in digit card of analog-digital converter 

and ultimately provides positive shift-carry 

pulse for next card. Codes inputs up to 5 

— RESET GATE IN KcX 000 

at maximum sampling rate of 5,000 inputs 

per second with 0.5% accuracy. Eight binary-

digit result is shifted out serially at 100,000 

digits per second.—W. B. Towles, Transistor+ 

22K 

TO NEXT 
FL P FLOP 

TO SUM 
AND 

-1. WEIGHTING 
NETWORK 

2 
2N94A CURRENT 

+3V -3V 
SWITCH 

SHIFT 
CARRY GATE 

SHIFT 
ENABLING 
GATE IN 

ized Analog-Digital Converter, Electronics, 

31:31, p 90-93. 
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1 ANALOG 

INPUTS 

TO SIMILAR 
MULTIPLEX SWITCH 

SAMPLE PULSE INPUTS 

}SIMILAR INPUTS 
CKTS 0 n — 

F/F 

O 

I.5K 
Q3 

2N357 

FROM OTHER 
MULTIPLEX SWITCHES , 

01 

2N128 

5 

TO AUXILIARY SHIFT REGISTER RESET 
= OF CONVERTER 

FOR THIS SWITCH ONLY) 

SAMPLER AND MULTIPLEXER—Sample of sig-

nal input voltage is fed to output when 

sampling pulse from external digital timing 

matrix is applied to primary of pulse trans-

former through 03.—N. Aron and C. Granger, 

Analog-To-Digital Converter Uses Transflux-

ors, Electronics, 35:20, p 62-66. 

DATA ACCEPT 

TIMING 
CONTROL 

STORE 

25K 

INPUT FROM 

COMPUTE AMPLIFIER 

02, 03, 04, HAVE 

27pF 

RI 

5K 
 Wv-4 

Q2 
2NI28 

SAMPLED 
OUTPUT 

TO AMPL 2 

REFERENCE SWITCH—Provides low-zero-offset 

5-microsec pulses with stabilized amplitude, 

obtained from synchronous flip-flop. Output 

pulses switch from zero to —5 If, for driving 

compute and hold amplifiers of serial de-

coder.— R. M. Centner and J. R. Wilkinson, 

New Approach to Serial Decoding Eliminates 

Static Storage, Electronics, 35:34, p 32-35. 

5K lOOK 

47 + I5V — 30V 47 

10K 

0.1 

T, 
1 

COMMON HEATSINK 

1N457 

27K 

HOLD AMPLIFIER—Samples output of compute 

amplifier at end of each word, to provide d-c 

output for serial decoder and permit time-

300K 

300K 

01 
2N1676 

•  
R2 

10K 

(21 
1N457 

If— 
c, 

0.005 

300K 

Q2 03 

2N1247's 

IK 

1K: 
2.2K 

200pF 

Q4 
2N542 

I.5K 
3.3K 

OUT 

0.001 

(;) 
I69K 05 

2NI395 

47 

—I5V 

0.1 IN705 750 

+I5V 

sharing of computer amplifier. Full-scale out- Eliminates Static Storage, 

put is — 10 y d-c.—R. M. Centner and .1. R. p 32-35. 

Wilkinson, New Approach to Serial Decoding 

Electronics, 35:34, 
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Audio Circuits 

+22.5V 

1-015 

INPUT 

Ri 

10,000K 

Cs 

 1(  
5pF 

R5 
1.2K 

R4 

8.2K 

Ql 

2N3059 

C3 
25 

 I( + 9  

03 
2N3059 

2 
2N3089A 

R7 
680K ! Rio 

3 3K 

DI 
N716A 

—C6 

25 

 + I (—OUTPUT 
C7 

25 

C2 C3 
0.01p.F 0.01F 0.01pF 

INPUT 

R3 R2 

10K 20K 
(FREQUENCY 
CONTROL) 

4-22 VOLTS 
1.8 mA 

10K 
OUTPUT 

01 

2N2270 

R1 

200 
(ADJUSTS 
CIRCUIT Q) 

1 C4 
R5 

10K 4.7K 

R7 iooFF 
 I 20V 

TUNED A-F—R2 tunes three- step ladder net-

work of feedback loop from 800 to 1,000 cps. 
SINGLE-FET CASCODE—Costs less than two-fet impedance.— B. Smith, Low-Noise FETs Sound Circuit is stable. Used in a-c bridge.— J. F. 

version, but has somewhat poorer stability. Good To Circuit Designers, Electronics, 37.31, Delpech, Simple Circuit Tunes Audio Amplifier, 

Voltage gain is 500 for 33,000-ohm output p 58-62. Electronics, 38:6, p 84-85. 

470 pF Si 

(-->>---

Pt1 
470K 

;10K ;1.5K 

• Di 
U212 

PHONO PREAMP—High input impedance of ter-follower driver transforms low input of 1 w.—V. Harrap et al., Researchers Turn 

mas fet will not load ceramic cartridge rep- impedance of 03 to sufficiently high value to Germanium For a MOS Field-Effect Transis-

resented by 470K and 470 pf. 02 as emit- for required voltage gain at power output tor, Electronics, 37:30, p 64-68. 

38 
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22M 

47K 

GATE IN 

1M 

+ + 

6.8M 

ON 

2 

t. 8K 

I K 50.m.F 100K 71: 

+ 

 1(- MONITOR 

" ILF 100 K 

( / OUTPUTS 

10K  
_ 

L _ — — 
OPERATION 

FREQUENCY (0.2-4 C/S) 

AMERICAN TUBE 
EQUIVALENTS 
E88CC = 6DJ8 
ECC82 = I2AU7 

E88CC 

FAJDF 

CON-
TROL 

VOLT-
AGE 

33K 

DRIVER FOR FADER—Can be operated either 

in free-running mode or in triggered or gated 

mode, to produce control voltage that will 
drive electronic fader. Correction network at 

lower right transfers control voltage to fader 

and minimizes switching transient.—E. de 

Boer, Electronic Fader for Auditory Research, 

Electronics, 33:50, p 85-87. 

TUNER OR 
FM DECODER 

C4 .0082 
C5 I 

.1 T ±10% 

RIO 
I8K 

TREBLE 
R8 < EQUALI - 
330K ZATION 

INPUT 
LEVEL 

C R6 3 
56K 'I 

CI 
20 
I5V 

MAGNETIC PHONO TAPE HEAD OR 

C6 
.0047 

10%T  

Cl 
R9 .0068 
25K 110% 

CARTRIDGE MICROPHONE 

PHONO, TAPE, AND MICROPHONE PREAMP— 

Total harmonic or intermodulation distortion 

is less than 0.3% at reference level output 

R5 
:20K 

QI 
2N508A 
OR 

2N508 

22K 

CONTROL 
VOLTAGE 

- + 

C8 
.027 
1'10% 

RH 
11K 

180K 

680 pF-2p.F 
(0.1- 300 MS) EAA91 
RISE TIME _ 

8.2 K 

+ ECC82 
0.050 

0.050 

-2 ECC82 

POSITIVE SUPPLY: + 225V 
NEGATIVE SUPPLY: - 170V 

ELECTRONIC FADER—Used to fade audio sig-

nals on and off without producing audible 

switching transients. Signals from matching 

network of driver are applied to points A 

and B.—E. de Boer, Electronic Fader for Audi-

tory Research, Electronics, 33:50, p 85-87. 

SWITCH POSITIONS 

I PHONO (RIAA EQUALIZATION) 

2 TAPE - 7 1/2' / SEC. (NAB) 

3 TAPE - 3 3/4"/ SEC 

4 MICROPHONE(MAGNETIC) OR TUNER 

NOTE ALL RESISTORS 1/2 WATT, 
1'5% TOLERANCE I.8K 
ALL CAPACITOR VALUES -ka -46V 

-22V 

RI3 
10K 

2N508 

RI6 
5K 

LEVEL 

4.25mo 

G.E. 
Z4XL22B 

03 
2N508 OR 
2N322 

  BASS 
BOOST 

.7 HENRY 
5041 
MAX. DC 

4- 4•25m°0 2ND STEREO 

4_11 

500 
25V 

OUTPUT 

 o 

of 1 v. Will take most magnetic pickup im- Manual," Seventh Edition, 

pedances. Equalized output is constuut with Co., 1964, p 252 

in I db from 40 cps to 12 kc.—"Transistor 

CHANNEL 

General Electric 
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100K 

 0 12V 

50 

+T 

5µ fcl 

h° soot 

2NI414 

e" 

2-STAGE R-C COUPLED AUDIO AMPLIFIER— "Transistor Manual," Seventh Edition, General 

Input impedance for basic circuit is about Electric Co., 1964, p 242. 

1,300 ohms. Design equations are given._ 

L
100K +325V 

x PHASE INVERTER 

220K IX212AX7 

0.1 

1 MEG 

0.1 

1 
MEG 

33K 

VI 
1/2124X7 

600K 

0.1 

C3 

PREAMP 

680  iMEG 

4 

1K 

PUSH-PULL 
AMP 

IK 

120K 

1K 

1MEG 

150 

20-W SINGLE-ENDED PUSH-PULL OUTPUT— 

Doubling number of output power tubes dou-
bles power output and halves loudspeaker 

impedance requirement. Separate cathode R-C 

assembly for each pair of output tubes is 

5p.f 

I5K 

200µf 
6V 

330 

1-WATT FET AUDIO AMPLIFIER—Voltage am-

plifier is followed by split-load phase inverter 

and push-pull output stage. Emitter-followers 

IK 

•  

150 — 100 

50 

 )1  

100 

 )1  
100 K 

X 

• • 

K. 1,000 

400 

recommended, but only one double choke is 

required. All pentodes are 6CW5.—J. Rodri-

gues De Miranda, Push-Pull Amplifiers Drive 

Speaker Directly, Electronics, 31:29, p 76-79. 

+40V 
• 

4.7K 

30,000 R1 .3.5 MEG 

100-MEG INPUT RESISTANCE—High d-c input 

resistance is obtained with grounded-collector 

circuit operating under starved conditions. 
A-c input impedances of 100 meg are obtain-

able at audio frequencies, as required for 

photoconductive devices.— B. M. Bramson, 
Starved Transistors Raise D-C Input Resistance, 

Electronics, 32:5, p 54-55. 

Cartridge copocitance: 
1,000 to 10,000 pf 

PHONO PREAMP—Two planar passivated sili-

con transistors give RIAA equalization for 
ceramic cartridge.—General Electric Co. (ad), 

Electronics, 37:17, p 38. 

RL 

56S1 

drive output stage to improve frequency re- sistors," McGraw-Hill, N.Y., 1965, p 98. 

sponse, with coupling through nonelectrolytic 

capacitors.—L. J. Sevin, Jr., "Field-Effect Tran-



INPUT 

82K 

10K 

39K 

,3.9K 

4 

o, 
2NI377 

R2 

180 

250 

AUDIO CIRCUITS 

12K 
12-14V 

06 
2N 457A 

03 

2N 1307 

1,500 

LOAD 
30-811 

:R f 1200 pF 

COMPLEMENTARY-SYMMETRY AUDIO AMPLI-

FIER-Provides nearly maximum power theo-

retically available from single d-c supply 

Distortion is low. Large feedbacks, both a-c 

and d-c, make amplifier insensitive to unbal-

Re 
220K 2 1 12AX7 

V2 
600K 

PHASE  

IN o' 0 
C3 ^10 

C., 

R4 

1MEG 

Ct PREAMP 
H (  

0.1 
1 1243) 

R6 

33K 

120K 

P., 

be() 

ance of output transistors.- R. S. Richards, 

How to Design Transformerless Audio-Fre-

quency Power Amplifiers, Electronics, 35:46, 

p 50-52. 

R7 
100K 
Rs 

V3 
LOWS 

1K 
C5 

0.047 

R„ Ri3 
1 MEG MEG 150 

V4 
eCni5 

PUSH-PULL 
AMP 

C7— 
K X 1,000 8" 

R14 6 100 

1325V 

Cs 

5 

800 

R ,6 
100K 

a' 

10-W SINGLE-ENDED PUSH-PULL OUTPUT-

Feeds voice coil directly, making output trans-

former unnecessary. First preamplifying stage 

has positive feedback to point of oscillation, 

while amplifier and output stages have nega-

control R2 are 50K linear taper. Volume con-

trol R3 is 10K audio taper.-"Transistor Man-
6-V PHONO AMPLIFIER-Provides 300 mw at 

10% distortion. Bass control R1 and treble 

tiye feedback. Circuit has low distortion, flat 

response, and only a few degrees of phase 

shift over audio range.-J. Rodrigues De Mir-

anda, Push-Pull Amplifiers Drive Speaker Di-

rectly, Electronics, 31.29, p 76-79. 

TO OTHER 12V 
CHANNELS 100K 

CHANNEL 3 

3.1K 

CHANNEL 2 100K 

4.5H cm 

TO.12 

W V 
4.2K 

CHANNEL I 100K 

6.8H 

INPUT 

41 

GT3 

OUTPUT 

12V 
GT3 

0.1 OUTPUT 

Tal 

Wv 
5.7K K. X1,000 

8.2K 

Q MULTIPLIER-Circuit shows three channels 

of multi-channel selective a-f amplifier ( 190, 

216.5, and 235 cps) using various coil-capaci-

tor combinations with transistor Q multiplier 

to provide staggered resonant frequencies. 

Used in frequency-selective calling systeiii3.-

G. B. Miller, Transistor Q Multiplier for Audio 

Frequencies, Electronics, 31:19, p 79-81. 

VI 
6005/6A05 W 

or 
5902 

RI 
470K C4 

R3 47K Ebb 

I 0.25 

PREFERRED POWER AMPLIFIER- For 6AQ5W, 

with plate supply of 250 v, output is 115 y 

to transformer at 2.21 w for 6 y rms input. 

For 5902, with plate supply of 150 v, output 

to transformer is 75 y at 0.8 w for 5 y rms 

input.-NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. I, Electron Tube Circuits, 1963, PC 61, 

p 61-2. 

ual," Seventh Edition, General Electric Co., 

1964, p 376. 
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+ 150 V 

TI 72 

FROM 
DRIVER 
STAGE 

BASIC CLASS-B PUSH-PULL OUTPUT—Design 

procedures are given. Resistor in emitter 

leads prevent thermal runaway when ambi-

25V 

INPUT 

o  

RI 
2700 

C3 - 
20µf 

25V 

54 
'AK 

CRYSTAL 

CARTRIDGE INPUT 

9-V PHONO AMPLIFIER—Provides 400 mw at 

10% distortion. R1 is 5K audio taper and 

R2 is 25K linear taper.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 377. 

VOICE COIL 

Ect' - 12V 

R2 R4 
100 K 100K 

C2 OUTPUT 
0.047 

INPUT CI 

0.047 VI V2 

ent temperature 's below 55°C.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 242. 

04 
25553 
OR 

26297A 
(DELCO) 

1/2 A(TYPE 
AGC OR 3AG) 

 - 11k • 
1500P( 
50V 

05 
26553 
OR 

26297A 
IDELCO) 

I/O A 
(TYPE AGC 
OR 36G) 

2 

 0 46V 

0 8 OR 160 
SPEAKER 

OUTPUT 

0.22 

o 

5751 
OR 
6112 

RI R3 
470 K 2.2K 

R5 R6 
2.2K 470K 

PREFERRED VOLTAGE AMPLIFIER—Amplifies 10 

to 70-mv signals to level needed to drive au-

dio power amplifier. For 5751, amplification 

is 335, maximum output is 23 y rms, and 

3-db response is 10 cps to 20 kc. For 6112, 

maximum output is 26 y rms, amplification is 

370, and 3-db bandwidth is 10 cps to 30 kc. 
—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, PC 60, p 60-2. 

10-W DIRECT-COUPLED POWER AMPLIFIER— 
Has excellent low-frequency response, along 

with d-c feedback for temperature stabiliza-

tion of all stages. 02 and Q3 operate class 

B in Darlington connection to increase current 

gain. Fuses protect output transistors against 

continuous sine-wave output above 10 kc. 

Power response at 1 w is flat from 30 cps 

to 15 kc.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 260. 

R2 
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DYNAMIC 

MIC IN 

CARBON 

MIC IN 

IK 39K 

2.2K 

4.7K 

+24V 

FILTER OUT 

5050 + 28V 

PREAMP 
OUT 

K. X LOCO 

05 

2N235 
+24V 
FILTERED 
OUTPUT TO 
PRE AMP 

ZONED PUBLIC ADDRESS IN PLANE—Uses formly throughout seating area of plane. ferent noise levels on ground than in air.— 

single preamplifier and up to five power am- Air-ground output switch acts on all ampli- Transistorized P-A System Adjusts to Aircraft 

plifiers and speakers to distribute sound uni- fiers simultaneously to compensate for dif- Noise, Electronics, 31:7, p 106-107. 

Rotary function switches 

(multiple decks) 

••••••,•,1 

2N3988 

2N2497 1500 pf 

2.2 meg 

2N2497 

Feedback 
tone control 
circuits 

—150 V 
O 

100 K 

Output 
o-0 

2N696 

HI-Fl FET PREAMP—Breakdown voltage of coupled cascade connection with low-cost Effect Transistors," McGraw-Hill, N.Y., 1965, 

commercial fet's is extended by using direct- germanium transistor.—L. J. Sevin, Jr., "Field- p 73. 

21V 

3000:600 

TELEPHONE-CHANNEL AMPLIFIER—Thick-

film construction gives 36 db gain and is 
distortion-free up to 65 mw. Input and 

output impedances are 600 ohms, for fre-

quency multiplex equipment.—N. A. Zellmer, 
Getting the Most Out of Feedback, Elec-

tronics, 39:2, p 66-72. 
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STABLE AUDIO AMPLIFIER-Provides low in-

put and output impedances, along with stable 

gain for wide range of transistor parameters 
and thus for temperature and supply voltage 

variations, as required for sound level meter. 

-W. V. Richings and B. J. White, Transistor-

ized Sound Level Meter, Electronics, 33:25, 
p 64-66. 

eR, 
8.2 K 

CI 

25 

TO PRE-AMP —I 

eR2 e 4 7K 

r 3 

6.8 K 

I r,   

25 

I_ C3 

1 4° 

01 

2N2428 

330 

C3 
20, f 
50V 

FI -1/2A ( TYPE 3AG) STANDARD 
FUSE 

ALL RESISTORS 1/2 WATT 

C. 10K 2.7K 

20µ1 

INPUT I5V 

STEREO 
BALANCE Rl 

PREAMPLIFIER FOR DYNAMIC PICKUP-Ac-

cepts signal from variable-reluctance car-

tridge. Includes RIAA frequency-correcting 

network, variable bass and treble compensa-
tion, volume control, and loudness control 

that attenuates midfrequencies as loudness 

level is decreased, to emphasize lows and 

highs during soft musical passages.- R. Min-
ton, Designing High-Quality A-F Transistor 

Amplifiers, Electronics, 32:24, p 60-61. 

R5 
1500 

04 
2N2196, 2142107 
OR 7A3I (G E 

FI 

11491 

8-W SILICON-TRANSISTOR POWER AMPLIFIER 

-Output impedance is 0.5 ohm, for good 

speaker damping. Response is down only 3 

db at 86 kc. Power response is flat within 

R4 

560 

T1 

R5 

8.2 K 

7 A I • R8 
04 4 15 

l 2N2428 — I _ 

R9 
1.2 K 

1000µf 
35V 

05 
2N2196 
2N2 107 
OR 7A3I 
(G E 

RI2 
33K 

+50v 

22 

OUTPUT 

— .22 

0.33 db from 30 cps to 15 kc at 6 w output. 

-"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 263. 

PROTECTION CIRCUIT 

A-F OUTPUT TRANSISTOR PROTECTION-When cuited, protection circuit reduces overall gain fier Against Short Circuit, Electronics, 37:23, 

output of 3-w audio amplifier is short-cir- by 20 db.-E. Segatis, Circuit Protects Ampli- p 61-62. 
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1 

RESISTORS All V2 watt, TI Type CDI/2MR 

CAPACITORS 

C1-0 lof 

C2-5 6of - TI Type SCM 565BP035C4 

C3, C6, C7-2200-71 Type SCM 227HP010C4 

C4, C5 - 1 Oyf - TI Type SCM 105FP035C4 

C8- 100f- T1 Type SCM 106BP020C4 

C9-68uf - TI Type SCM 686GP015C4 

62K 

60-DB LOW-NOISE FET AMPLIFIER-Gives quency response, along with extremely low ment.-Texas Instruments Inc., "Solid-State 

maximum voltage gain of 60 db, constant noise, as little as 5 db at 10 cps. Used with Communications," McGraw-Hill, N.Y., 1966, 

within 0.5 db from - 55 to • 125 C with low-level transducers, null detectors, recorders, p 293. 

built-in gain adjustment. Has good low-fre- oscilloscopes, and medical research equip-

SWITCH POSITIONS 

I TAPE - 7 l/2/SEC (NAB) 

2 TAPE- 3 3/4"/SEC 

3 MICROPHONE(MAGNETIC) OR TUNER 

NOTE ALL RESISTORS 1/2 WATT, 15% TOL. 
ALL CAPACITOR VALUES -,, t 

TUNER OR 
FM DECODER 

INPUT 

TAPE - MICROPHONE PREAMP-Uses silicon 

planar npn transistors, making it necessary 

to have temperature-compensating resistor in 

emitter circuit of first stage. Noise level is 

66 db below reference level output with 

weighted measurement. Frequency response 

is flat within 0.25 db from 30 cps to 15 kc, 

and total harmonic distortion is 0.01% at 1.2 

output.-"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 256. 

100K 

I MEG 
LEVEL 

TAPE HEAD OR 

MICROPHONE 

CI 
30 
6V 

 IF-

C4 Re 
330K 

R5 TREBLE R7 3 
560K EQUALIZATION I2K 2 - 

R6 
201( 

OUTPUT 

2N929 

eq 

  +22V 

03 
2N2925,2N2924 

OR 2923 

BASS 

*--- BOOST 

07 HENRY 
50n 

MAX. DC 

LEVEL 
5K e.- 71   

RI6 20 
I5V 
CIO 

@3 5rna 

OUTPUT 

RESISTORS - ALL 1/2 watt, TI type CD 1/2 MR 

CAPACITORS 
C3, C5, C6 — 2pf, T1 type SCM 225FP020C4 

C2, C4  200, TI type SCM 22613P0I5C4 

C7 20uf, TI type SCM226GP035C4 

LOW-LEVEL LOW-NOISE HIGH-GAIN-Gives microamp and generator resistance above 1 Texas Instruments Inc., "Solid-State Commu-
gains up to 1,000 (60 di:) for high-irnpedunte meg. Such perfnrmance was previously avail- nications," McGraw-Hill, N.Y., 1966, p 291. 

transducer applications, with typical noise able only with vacuum tubes and field-effect 

figure of 1 db at emitter currents below 1 transistors. Ideal for space applications.-
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CARTRIDGE 
CAPACITANCE 
1,000 TO 
(0,000 pf 

1200 pf 110% 

VELOCITY-RESPONSE PHONO PREAMP—De-

signed for use with wide range of ceramic 

cartridge capacitances. Input impedance, 

which is 30K at 40 cps, decreases with in-

creasing frequency to give velocity response 

from cartridge, so that preamp frequency re-

sponse is like that required for a magnetic 

cartridge. Output is equalized within 1.6 db 

from 40 cps to 12 kc.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 258. 

sistors are 2N1565. Values of Cl and C2 de-

pend upon frequency response desired; typi-

cal values are 10 and 100 mfd respectively. 

THREE-STAGE CASCADED COMMON-EMITTER— 

Gives current gain of 90 db at 1 kc. Output 

voltage swing is 2 y peak-to- peak. All tran-

I5V 

20» 
25V 

o 

INPUT I8K 

30K 

I SV 

1000 

3900 

SILICON 
DIODES 

IN4154 OR 
SD974 (G E ) 

100I< 

02 
2N34I4 

470 

OUTPUT 

+24V 
'@150 ma 

ALL RESISTORS 1/2V4 

2N3402 

IN91, 500p.f 
I2V 160 

-  03 LOAD 
2N320 I5V 

QS 
2N3402 

2.5-W TRANSFORMERLESS AMPLIFIER— Uses 

economical transistors and diodes. Requires 

330 my input for full output. Total harmonic 

distortion at 1 kc is less than 1°/0 at full 

output.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 266. 

22 

OUTPUT 

= 22 

4- V 

TWO-FET CASCODE—Gives high audio voltage 

gain (40 db), high impedance, low-noise op-

eration, and good temperature stability with 

low supply voltage. 03 serves as load re-

sistance.— B. Smith, Low-Noise FETs Sound 

Good To Circuit Designers, Electronics, 37:31, 

p 58-62. 

CERAMIC 
PHONO 
CARTRIDGE 

Vcc 
25 v 

Component values: 

RL = 560 ohms 

R1 = 16 kilohms 

R2 = 6.2 kilohms 

R3 = 1.6 kilohms 

R4 = 1.0 kilohm 

 O 

—Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 205. 

LOW-COST LINE-OPERATED PHONO—Provides 

1 w output with only two transistors. High 

input impedance (above 10,000 meg) of fet 

permits direct drive by high-output cartridge, 

while MJ2252 npn silicon transistor operates 

directly from 120 y d-c output of simple 

power supply using Motorola 1N4004 sur-

metic silicon rectifier. Values are: C1-100 

mfd; C2-0.1 mfd; C3-100 mfd, 3v; R1-330; 

R2- 10K; R3-3K; R4-1 meg; R5-5K; R6-

100K; R7-33.—D. L. Wollesen, "A Line Op-

erated Solid State Phonograph Amplifier," 

Motorola Application Note AN- 183, Feb. 1966. 
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6.8K 1.2K 

0 

25 

SINGLE-ENDED CLASS-B OUTPUT—High-fidelity 

10-w amplifier uses capacitors and diodes to 

couple class A driver to single-ended class B 

TONE AND VOL CONTROL 

2N217 

10 

BASS 
50K 

680 

PREDRIVER DRIVER OUTPUT 

KaX 1,000 e 2.2K 
3.9K 

10 
25 lo—it—o 

3.9K 

51 K 10 

10K 

0.02_1_0008 

0.25  REBLE 
-r 50K 

0.05 

2N2I7 
03 

12 

e 560 I5K 

214217 

RF 

430 
CF RE 

0,003r 2.2K 

CF 
To.02 3.9 

output feeding 16-ohm speaker. Input stages 

are equalized for RIAA curve. Frequency re-

sponse is flat within 1.5 db from 30 to 

BUILDING-BLOCK AMPLIFIER—Has voltage 

gain of 1,000 and gain-bandwidth product of 

15 Mc. High-fidelity audio preamp can be 

designed with two such packages, one with 

equalization network and one with tone con-

trol network.—L. J. Sevin, Jr., "Field-Effect 

Transistors," McGraw-Hill, N.Y., 1965, p 74. 

tis 
5#af 
50V 

.22isf 

o—H 

INPUT 

22K 

22K 
< 4.7 
MEG. 

FUSES - F4, F5, F6,F7 
I/2A ( TYPE 3AG) STANDARD 
ALL RESISTORS 
1/2 WATT 

+60V 

BIAS 
ADJ 

35V 

IIV 

CI 

20V 
• ,-

01 
2N27I2 

ev OR 
2N3393 

I.8K 

15-W TRANSFORMERLES5 AMPLIFIER—Uses 

additional input stage to increase input im-

pedance from 3K to over 200K. Power fre-

C3 + 
2Of — 
50V - 

_à_ 39µµf 
-7 C2 

I8K 
R4 

1500 
R5 

DI 

1N4154'S 

D2 

2N2I08 

quency response is flat within 0.5 db from 

20 cps to 20 kc. Output impedance is less 

than 0.3 ohms, for good speaker damping, 

• 

50 --1E51-1.-52 

-45V 

CBS 

Q7 

12) 
CBS LT- 52 

47 1,000 

1N91 %00 
16 

15,000 cps.—H. C. Lin and B. H. White, Sin-

gle-Ended Amplifiers for Class B Operation, 

Electronics, 32:22, p 86-87. 

113031 

0.4711 
3w 

70 W FROM PAIR OF T13031'S—Provides au-

dio amplifier output stage with high power-

to-cost ratio, with no need for transformer 

coupling to speaker coil.—Texas Instruments 

Inc., "Solid-State Communications," McGraw-

Hill, N.Y., 1966, p 315. 

02 
2112108 

RIO 1N91 
IK 03 

RI2 
33K 

04 & 06 
2N2I07'S 

C5 
1500µf 
50V 
+ 

16n 
LOAD 

 o +60V 
P400MA 

i F5 F7 

05 & Q7 
2N2107'S 

22 
R II 

OUTPUT 

.22 
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1 RI 10 MEG 
620K e 50-- 

CARTRIDGE R 3 
CAPACITANCE fe-
5,000 TO 7.5K 01 
10,000 pf • 

•  

/ 

R2 
120K 

10V 

2N2924 

R4 
33K 

+ 22V 
oP2mo 

2N2924 
C) OR 2N2926 

R5 
LEVEL   
5K 

CERAMIC-CARTRIDGE PHONO PREAMP-Gives 

RIAA equalized output. With Astatic model 

137 cartridge, output reference level of 1 y 

is 13 db below maximum output and 69 db 

above unweighted noise level.-"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 258. 

12-W TRANSFORMERLESS AMPLIFIER- Uses 

two transistors in parallel for each of the 

outputs, to cut saturation resistance in half 

and thereby increase power output. Parallel 

operation also serves to reduce distortion. 

Operating efficiency is 67% at 12 w.-"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 267. 

INPUT 

12V 

190 I K 

47 

OUTPUT 

o 

5.6 MEG 

0.1 

INPUT—) 

ALL RESISTORS 1/2 WATT 

Cl 

.—*-1   
20,f 
I5V 

INPUT 

25322 

-100µf 
3V 

330 

CO . 
20µf 

50V 

R C 
II 0K 222 ID 

< R4 
> I5K 

2N1415 

100 

Ion 

2N1415 

O 

2 7E 

2 

20 K 100 

LOW-NOISE AUDIO AMPLIFIER- Power gain 

is 44 db, input impedance 440,000 ohms, and 

hum and noise 57 db down for 3-db fre-

quency response of 20 to 100,000 cps.- L. E. 
Clark, E. B. Mack, and R. C. Hejhall, High-

lights of Small-Signal Circuit Design, Electron-

ics, 36:49, p 46-50. 

e R5 
> 1500 

e R6 
>6800 

154154 OR 
10520974 

02 

253416 

7432 (G El 
OR 2N2I08 

RIO 

RIS 
33K 

RI- VOLUME CONTROL 
1 MEG AUDIO TAPER 

R2. TONE CONTROL 
25K UNEAR TAPER 

TO LOUDSPEAKER 

50,.f 
I2V 

0.010v 

-10 V 

OUTPUT 

 45.0  +50V 
(1) 310ffie 1/2 A 

(TYPE AGC 
OR 3AG) 

04 & 06 0 2N2107S 
OR 7431S 

R14 cs 

• 47 1500 f 
  Ov 

05 a 07 
2N2I07'S 
OR 74315 

RIS 
470 

71- DRIVER TRANSFORMER 

PRI 20K/SEC 2K CT 

12- OUTPUT TRANSFORMER 
PRI. 3000 CT/SEC VC. 

»Ril 

22 

OUTPUT 

HMI 
LOAD 

C6 
- . 22 

12-V AUDIO AMPLIFIER- Input sensitivity is 

10 to 20 my for 0.5 w output. Maximum 

power output at 10% harmonic distortion is 

500 mw. Design calculations are given.-

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 246. 

TWO-STAGE CASCADED COMMON-EMITTER-

Design procedure is given for low-level ampli-

fier that is one of the most-used circuits in 

all transistor applications, for boosting milli-

volt-range signals to workable level of sev-

eral volts. Capacitance coupling is used for 

a-c operation along with d-c stability. Total 

power gain is 64 db. Voltage gain is 1,000. 

-Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 198. 

1 
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560 Kû -6 y 

CAPACITOR MIKE PREAMP—Fet provides re- drive 500 feet of microphone cable without 

quired high input impedance. Can easily be appreciably affecting frequency response.— L. 

mounted in microphone. Emitter-follower with J. Sevin, Jr., " Field- Effect Transistors," 

output impedance of about 100 ohms will McGraw-Hill, N.Y., 1965, p 75. 

10-W POWER AMPLIFIER-01 provides bias 

current for low-power complemcritury-sym-

metry push-pull output stage Q3-Q4, which 

drives power transistors 05-06. 07 provides 

voltage bias for 02.—H. W. Parmer, Two Easy 

Way. to Stabilize Power-Transistor Hi-fi Am-

plifiers, Electronics, 35.43, p 56--58. 

FET-PNP DARLINGTON—P-channel let is com-

bined with pnp transistor in equivalent to 

Darlington connection, for use with high-

input-impedance low-frequency transducers. 

Spot noise figure is 7 db at 10 cps and 3 db 

at 100 cps. Broadband noise figure from 10 

cps to 10 kc is 1.7 db with 200K generator 

resistance.—Texas Instruments Inc., "Solid-

State Communications," McGraw-Hill, N.Y., 

1966, p 136. 

R2 

01 500K 

2N3059 
CI Q2 

BOOTSTRAP FET--Input impedance is high at 

low frequencies ( 180 meg at 10 cps), but 

drops to 3 meg at 10 kc. High collector cur-

rent contributes to high over-all noise level.— 

B. Smith, Low-Noise FETs Sound Good To 

Circuit Designers, Electronics, 37:31, p 58-62. 

IN +150V 

300 

+300V .= 

1_4 3K 

1-0K 
5MEG 

Pt SCOPE 
680K 

100K 

6.24 

515K 

3.12 3.12 

TUNABLE SUBAUDIO AMPLIFIER—Commercial 

d-c amplifier with twin-T feedback tuning ele-

ment tunes from 0.5 to 100 cps, for analyz-

ing low-frequency components of complex 

waveforms.—.1. M. Reece, Subaudio tunable 

Amplifier, Electronics, 32:45, p 72-74. 
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150 

1%4K 

=100K 

50 

I( 

470K 

IN 

K=X 1,000 

Q2 

GEL 

R7 

4.7K 
7.-

03 

R8 GE2 

10K 

O 

+28 

/OK STABILIZED MULTI-INPUT AUDIO PREAMP— 

Switch gives choice of input impedance, fre-

quency response, and level-compensation 

networks. R5 is tone control. Q4 provides 

bias current to base of QI for stabilization. 

33K —H. W. Parmer, Two Easy Ways to Stabilize 
Power-Transistor Hi-fi Amplifiers, Electronics, 

35:43, p 56-58. 

R1 

R2 

ve.  
R9 R8 OUT 

-1160 4.7K 

UNDERWATER PREAMPLIFIER—Used in pack-

age with hydrophone for measuring ambient 

ocean noise over periods of months, as one 

basis for sonar system design. Output is fed 

through cable pair to shore installation.—J. 
V. Schaefer, Remote Preamplifiers for Under 

Ocean Work, Electronics, 33:28, p 60-62. 

R3 
2 MEG C3 

0.01 OUTPUT 

MOS FET AMPLIFIER—Circuit draws on y 6 

microamp while providing voltage gain over 

200.—G. G. Luettgenau and S. H. Barnes, De-

signing With Low-Noise MOS FETs: A Little 

Different But No Harder, Electronics, 37:31, 

p 53-58. 

+18 VD-C 

R1 

470 

1 TO 
DECODER 

TONE CONTROL—Unlike bipolar transistor, fet CLASS-AB PUSH-PULL AUDIO—Sensistor R1 in sponse. Circuit drives 20 decoders in Mercury 

maintains full dynamic range while loading a-c coupled driver compensates for effects spacecraft command receiver.—R. Elliott, First 
R-C tone control network.—FET's and RC Net- of temperature on amplifier gain. Negative Details on Mercury Spacecraft Command Re-

works (Siliconix ad), Electronics, 39:4, p 71. feedback stabilizes frequency and phase re- ceiver, Electronics, 36:5, p 32-35. 



100-350 CPS RECEIVER—Input signal from 

electrodes of crevasse detector is attenuated 

to suitable level at constant impedance of 

1,000 ohms by T-pad and passed to 2N107 

preamplifier whose supply voltage is stabi-

lized at 5.8 y by reversed 11620 silicon diode 

shunt operating at zener point. Signal is 
then fed through bandpass L-C filter to am-

plifier, driver, and final 355 class A stage 

that drives recorder pen motor and relay-
meter.—H. P. Van Eckhardt, Crevasse Detec-

tor Blazes Glacial Trails, Electronics, 31:3, p 

63-65. 

SYNTHETIC PUSH-PULL—Single transistor in 

sliding class-A output requires no input trans-

former, while approximating push-pull class-B 

output stage.—J. A. Worcester, One-Transistor 

"Push-Pull," Electronics, 32:24, p 74. 

8+ 

IN 

Ole 

DARLINGTON AMPLIFIER—Useful up to 100 

kc, but high input impedance makes it par-

ticularly desirable for audio preamps. Gives 

gain of two stages with dissipation of only 

one.—L. Pollock and R. Gutteridge, Latest 

Design Techniques for Linear Microcircuits, 

Electronics, 35:41, p 47-49. 

IRA 

1NPU 

R16 

5K 

20,1 

BASS BOOST 

15V 

0.7 HENRY 

5on oc 
MAXIMUM 

Ou TAW' 

BASS BOOST OR LOUDNESS CONTROL—Op-

erates on output of preamp. Gives operator 
independent control of level of bass or 
amount of bass boost desired. May also be PREFERRED AUDIO POWER AMPLIFIER—Deliv- bypass capacitors C4 and C5 may be omitted. 

used as loudness control.—"Transistor Man- ers 2 w with less than 5% distortion to suit- —NBS, "Handbook Preferred Circuits Navy 

ual," Seventh Edition, General Electric Co., ably matched load. If push-pull tubes are Aeronautical Electronic Equipment," Vol. I, 
1964, p 254. dynamically matched, screen and cathode Electron Tube Circuits, 1963, PC 64, p 64-2. 

AUDIO CIRCUITS 

I K T- PAD 

- 

DSEEsLERÎT0 FOR 

PASS  

)1— * 2 N107   

100K 

ADJ 

—cf.° CHECK 8 
SIG 

T I 620 

I MEG 

1,000 

 IC 3911 

4 — 1E-
330 130µµF 39 

10 K 

N 8 

N 107 

220 
10 H ..W V',6 

(---• 2.7K 

25-W CLASS-B POWER AMPLIFIER—Uses bal- is temperature-stabilized.—R. Minton, Design-

anced negative feedback, with input 05 and ing High-Quality A-F Transistor Amplifiers, 

driver Q6 operating class A. Output stage Electronics, 32:24, p 60-61. 

2 2 MEG 

2N185 100' 

IN91 

 141N91 

AMP 

AGC 

51 

AGC 

VEHICLE 

SIGNAL 

ADJUST 

+ 12V 
VEHICLE 

CAL I BRAT1ON 
* SIGNAL 

RECORDER INPUT SIGNAL 

K. X 1,000 

-PART OF JUNCTION ASSY 
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560 

R3 

560 

CI 

50 

C4 0.0022 

Rg 

 111—effle--41  
4.7K Cs' I0 

04 

2 N 301 A 

C3 1,000 

05 

2N30' 

45-W A-F OUTPUT—Operates with convection emitter currents essentially constant. Uses 

cooling over temperature range of 10 to quasicomplementary symmetry.—M. B. Hersch-
, 50°C. Forward voltage drop of diodes de- er, Designing Transistor A-F Power Amplifiers, 

creases with increasing temperature, to hold Electronics, 31:15, p 96-99. 

+350V -40V -25V 17V +250V +350V 

REDUCING ODD-HARMONIC DISTORTION— sation network having nonlinear transfer 

Grid-plate transfer characteristic of class-B function. Distortion is cut to 2.6% at 16 w 

amplifier is linearized to eliminate harsh odd- output.— B. Sklar, Reducing Distortion in 

harmonic distortion, through use of compen- Class-B Amplifiers, Electronics, 32:21, p 54-56. 

05 

2N301A 

4 F2 t. 

0.5 

1 

IN 

DARLINGTON WITH VOLTAGE DIVIDER—Ad-

ditional resistors in voltage divider reduce 

bias voltage, to simplify manufacture as 

integrated circuit. Useful up to 100 kc.—L. 

Pollock and R. Gutteridge, Latest Design Tech-

niques for Linear Microcircuits, Electronics, 
35:41, p 47-49. 

VIN 

«ll R2 
= 10 
MEG 

C, 

R5 

5e8K 

R4   

68K 

X -+ Y 
200V AT 2MA 

+110V 

VOUT 

R3 

47K 

500-MEG D-C INPUT RESISTANCE— Bootstrap-

collector circuit uses starved transistor to pro-

vide 500-meg d-c input resistance with 100-v 

input signal. A-c resistance is even higher, 

in the 1,000-megohm region at low audio 

frequencies.— B. M. Bramson, Starved Transis-

tors Raise D-C Input Resistance, Electronics, 

32:5, p 54-55. 

45-W SERIES-TYPE POWER AMPLIFIER— Uses 

split- load phase inverter, capacitance-coupled 
to common-collector class B driver, which in 

turn is direct-coupled to class-B common-

emitter output stage. Driver and output 

stages are each in series for d-c collector 

supply. No transformers are required.—M. B. 

Herscher, Designing Transistor A-F Power Am-

plifiers, Electronics, 31:15, p 96-99. 
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01 
20 2N2925 
I5V 
- 4-

MAGNETIC CARTRIDGE 

NPN PHONO PREAMP—Input of 6 my at 1 

kc from magnetic cartridge gives 1 y output, 
which is 15 db below clipping level and 72 

db above unweighted noise level. RIAA 

1 

TO 

04 
COLLECTOR 

FET OUTPUT STAGE—Bootstrapped input, 

Darlington driver, and White follower give 

voltage gain of one, input impedance of 1 

+22v 
5rno 

03 
2N3397,2N2924 
OR 2N2925 

OUTPUT 

equalized output is within 1 db from 40 cps 

to 12 kc.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 257. 

TO 
AMPLIFIER 
GROUND 

OUTPUT 

moo e 12V 
+12V 
AT 6 
MILLIAMPERES 

meg, and output impedance of 10 ohms.—B. 

Smith, Low-Noise FETs Sound Good To Circuit 

Designers, Electronics, 37:31, p 58-62. 

50-W TWO-STAGE OUTPUT—Produces over 

50-w rms audio power and has simple drive 

requirements.—High-Power Nu-Base Germa-

nium Transistors ( Delco Radio ad), Electronics, 

39.7, p 20-21. 

SINGLE-STAGE AUDIO AMPLIFIER— Design pro-

cedure is given for basic transistor stage.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 241. 



CHAPTER 5 

Automatic Frequency Control Circuits 

IF 
AMPLIFIER DISCRIMINATOR 

PULSE 
AMPLIFIER 

+110v 

6.09 5.6K 

24 

VI 
5702 

e 1.5K 
39 

2.45 
µh 

10 

1000 

V2 V4 
5829 5702 

2700 001 

10K 100K 

V3 
5829 

+ 613K 1 K 

DIODE-PHANTASTRON AFC FOR AIRBORNE 

RADAR—Pentode is astable phantastron dur- -1 A/Lvi/.4,4......4ec_. 

ing search and d-c amplifier during lock-on. 

Operation is nearly independent of tube char-

acteristics. Provides tight control of local os-

cillator frequency because during lock-on, 

68 

IM 680K 

=47 

2700 
• It  

FROM AFC 

MIXER 

R2 
220 

30mC IF 
+150V 

C2 
1000 -r 

CI 1 
1000 

"IF 

0.01 

0.1 

SEARCH 
STOPPER 

2.2K 
4 

0.01 
V5 - 

59776-11 

CONTROL  TUBE 1-100V 

6130K 

V6 
47 

lOOK 2.21( 

4 7 IM 

0.047 

•  

5.61.1 
4 

01 

470K 

10K 

47K 

V7 
5784 

2.2M e 470K 

0 PRESET 

AFC 

470K 

4 e lam ,0  

100K 

-3009 

pentode furnishes direct control of klystron 

repeller.—NBS, "Handbook Preferred Circuits 

Unless otherwise stated; 
Rin ohms; Lingh; 
C > I npf; C<Iingf. 

R4 DISCRIMINATOR 
220 

R3 
2.2K 

PREFERRED 30-MC I-F PULSE AFC—For use in 

pulse-modulated systems, to maintain a dif-

ference of 30 Mc between transmitter and 

local oscillator frequencies. If local oscillator 
is required to operate 30 Mc below trans-

mitter, discriminator diodes V3 and V4 should 

C6 

15 

C7 

lo 

RIO 
47K 

V3 V5 
5726/ 5670 

6AL5W 

va 
5726/ 
6AL5W 

TO 

REPELLER 

IM 

200K 
RANGE 
SET 

100K 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p N13-6. 

VIDEO SEARCH CONTROL 
AMPLIFIER STOPPER CIRCUIT 

+150V 

be reversed. Circuit is a hunting system, be-

cause local oscillator is swept over band of 

frequencies to find correct operating point. 

During search, phantastron V8 acts as saw-

tooth generator to provide sweep voltage for 

control element of local oscillator (repeller of 

V7 
5726/ 
6AL5W 

ci2 

-300V 

6.3V TO v7 a 

V8 HEATERS 

RI9 
I 5 K 

R20 
68K 

R23 

TO 
REPEL LER 
(NOTE 2) 

R24 

R27 

R26 
lOok 

RANGE SET 

klystron).—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. I, Electron Tube Circuits, 1963, PC 53, 

p 53-2. 

54 
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REC 

20K 

(4) 
MATCHED- DIODE 
CHOPPER- QUAD 

TI- 600 

K.X 1,000 

20K 

0.25 

3.5- KC 
SUPPLY 

ERROR 
AMPL 

MICROWAVE KLYSTRON AFC—Uses signal 

from discriminator of 6,000-Mc microwave 

receiver to stabilize frequency of local-oscil-

lator klystron. Balanced silicon-diode input 

chopper lattice is excited at 3.5 Ice, but only 

PHASE 
DISC 

KLYSTRON 
REFLECTOR 

20 

REFLECTOR 
SUPPLY 
•-400V 

error signal from discriminator will unbalance 

network and pass 3.5 kc on to error ampli-

fier.—M. C. Harp, Nonvacuum Devices Control 

Klystrons, Electronics, 32:7, p 68-70. 

VARACTOR-CONTROLLED 40-MC OSCILLATOR 

—Oscillator transistor also acts as a d-c am-

plifier between afc input and varactor diode 

to give electronic tuning over range of 11 Mc 

with sensitivity of 5.8 Mc per v.—T. P. Prouty, 

Using Varactors to Extend Frequency-Control 

Range, Electronics, 36:45, p 48-49. 

I F 
AMPLIFIER DISCRIMINATOR 

+105V 

Seeley, and requires no special i-f transform-

er. Employs two thyratrons to generate re-

quired control voltage for repeller of klystron. 

THYRATRON AFC FOR AIRBORNE RADAR— 

Uses Weiss discriminator, which for large 

bandwidths is easier to adjust than Foster-

PULSE 
AMPLIFIER 

-I-

AFC 
IN 

SEARCH 
STOPPER 

-I-

AFC 
IN 
- 

EMITTER-CURRENT-CONTROL 40-MC AFC OS-

CILLATOR—Error signal, usually derived from 

external discriminator, is applied in series 

with base bias network to give sensitivity of 

about 1.5 Mc per y and nearly straight volt-

age-frequency characteristic.—T. P. Prouty, 

Using Varactors to Extend Frequency-Control 

Range, Electronics, 36:45, p 48-49. 

COLLECTOR-VOLTAGE-CONTROL AFC OSCIL-

LATOR—Afc input signal acts through series 

resistor to vary collector voltage of 40-Mc 

oscillator. Sensitivity is 2.5 Mc per v. Bias 

network adjustment is critical.—T. P. Prouty, 

Using Varactors to Extend Frequency-Control 

Range, Electronics, 36:45, p 48-49. 

SWEEP 
GENERATOR 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, p N13-4. 
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I F" 
AMPLIFIER 

VI 
5654 

DISCRIMINATOR 

+150 

PULSE 
AMPLIFIER 

CATHODE SEARCH CONTROL 
FOLLOWER STOPPER TUBE 

-2551' •w•.•  V 100K 
RANGE SET 

PHANTASTRON AFC—Pentode is astable phan- direct control of klystron repeller.—NBS, Tube Circuits, 1963, p N13-6. 
tastron during radar search, and d-c ampli- "Handbook Preferred Circuits Navy Aeronau-

fier during lock-on when pentode furnishes tical Electronic Equipment," Vol. 1, Electron 

IF 
AMPLIFIER 

VI 
6AK 5 

SEARCH CONTROL 
STOPPER TUBE 

-105V 

PULSE 
DISCRIMINATOR AMPLIFIER 

+150V 

V 3 
6AL5W 

=0 022 
IF 

V5 
6AL5W 

CRYSTAL DISCRIMINATOR IN AFC LOOP— 

Gives narrow bandwidth at 23-Mc crystal C138 

frequency, for controlling drift of voltage- 33PF 
,139 

controlled oscillator.— F. L. Carroll, How to 

Achieve Stability in Space Telemetry, Elec-

tronics, 37:4, p 32-35. 

IF PULSE 
AMPLIFIER DISCRIMINATOR AMPLIFIER 

+100V 

SEARCH 
STOPPER 

SWEEP 
GENERATOR 

CI44 I 

330K 500K 
SWEEP CENTER 

DIODE-PHANTASTRON AFC FOR AIRBORNE 

RADAR—Pentode is astable phantastron dur-

ing search and d-c amplifier during lock-on. 

Operation is nearly independent of tube char-

acteristics. Provides tight control of local os-

cillator frequency because during lock-on, 

pentode furnishes direct control of klystron 

repeller.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p N13-6. 

THYRATRON AFC FOR AIRBORNE RADAR— 

Uses Foster- Seeley discriminator to produce 

series of pulses varying from zero at cross-

over to maximum of 0.5 to 2 y at frequency 

of maximum response. Polarity may be ei-

ther positive or negative, depending on 

whether incoming signal is above or below 

crossover frequency, and can be changed by 

reversing the diodes. Two thyratrons gener-

ate required control voltage for repeller of 

klystron.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p N13-4. 



CHAPTER 6 

Automatic Gain Control Circuits 

220 

AG C 
OUTPUT 

AMPLIFIED AGC—Uses d-c amplifier in agc 

circuit to keep output of communication re-

ceiver more nearly constant despite widely 

varying input signal.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. I, Electron Tube Circuits, 

1963, p N 1 2-4. 

2N502 

IN 13-13 

ATT NO.1 

1,1 313 
TI 0.005 

PREAMPL 

2N502 

CASCADED AGC—Double-conversion i-f uses 

two separate agc amplifiers to get good tern-

AMPLIFIED AGC—Uses cl-c amplifier in agc 

circuit to keep output of communication re-

ceiver more nearly constant despite widely 

varying input signal. One drawback of am-

plified agc is that when d-c amplifier plate 

current drops, bias voltage at its cathode in-

ATT NO.2 

TO 150v DC 

REGULATED 

10 FEEDBACK 
CONTROL TUBE 

5K 

creases agc output and thereby reduces gain 

of controlled stages.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 
Equipment," Vol. 1, Electron Tube Circuits, 

1963, p NI2-4. 

POST - AMPL 

r ATT NO.3 IN461 8 
11500 5000.01 ,  

  J L-

L1 

L2 

T 

4 

PRI II 

NEUT 2 
SEC 2 EACH 

2,500 )4 

3 12 PRI II 
NEUT 2 

EEC 2 

13 PRI 3 
SEC 3 

 V  

perature stability and low noise figure with Gain Control of Transistor Amplifiers, Elec-

transistor amplifiers.—J. S. Brown, Improving tronics, 34:17, p 108-110. 

14 PRI 8 

SEC 11 2 

Ts PR! 12 
SEC 5 TE 

CAMBRIDGE LST2C4L COIL FORMS, NO.32 FORME% 
INSULATION , ALL TRANSFORMERS WOUND BIF lLAR 

-1 
300 OUT 

<9.1 
+1 

1 

GLENNITE 
31T01 2  

T T8 , T9 {S 
P R I 325 

7, E C 87 

CAMBRIDGE LS- 10-4F 
FORMS, 4/44 WIRE, 
UNIVERSAL BIFILAR 

WOUND PIE 3/8" LONG 

57 
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D- C I K 

CONTROL 
VOLTAGE -50V 

VOLTAGE-CONTROLLED GAIN—Response of 

two-transistor a-c amplifier, controlled by d-c 

voltage, can be made linear by adding suit-
able feedback. With no d-c control voltage 

on base of 01, both transistors are satu-

rated, and effective shunt resistance of cir-

cuit is about 500,000 ohms. When d-c 

control voltage is increased positively until 

01 is cut off, effective shunt resistance drops 

to 200,000 ohms.— L. C. Bowers, Attenuator 

Controls Amplifier Gain, Electronics, 34:39, 

p 150-153. 

ATTENUATOR 

2N65I 

T, 

IN 

-48V 

GAIN 
INC 

2N65I 

AMPL 

0, 

PREAMPL 

PROPORTIONAL CONTROL D-C COMB 

2N30IA 

AUDIO AGC FOR 40-DB RANGE—Automatic 

gain-adjusting amplifier produces constant 

output for speech level variations up to 40 

3.9 pf 

 , 
SHIELD 

5 On 
SOURC E 

6 0-140 pf 

6 0-
140 pf 

2 7 K 

TYPICAL PERFORMANCE 

Vog. - 6v IC= - 2 ma 

GAIN. 2 7db 

N. F < 3db 

AGC VOLTAGE VC C 

70-MC NEUTRALIZED GAIN-CONTROLLED AM-

PLIFIER— Gain is 27 db, with typical noise 

figure below 3 db. RC for reverse gain con-

trol is 0 ohms, and for forward gain control 

2N30IA 
a2 

METER 

VARIOLOSSER 

GAIN 
NC 

2N651 

2N651< 

2N65I 

17 R21R24 R 
CO 

  IDLE GAIN 

.001 
iii 

lOpf 

2-30 pf 50-n 
LOAD 

T1 - 5 t AIR DUX x516 

TAPPED 41 FROM THE 

COLLECTOR 

is 1,000 ohms. Reverse control range is 35 

db, and forward gain control is 47 db.— 

Texas Instruments Inc., "Solid-State Commu-

nications," McGraw-Hill, N.Y., 1966, p 215. 

OUT AMPL 

db. Intelligibility of speech is ensured by 

allowing instantaneous peaks to remain.— L. 

E. Getgen, Amplifier Compensates for Speech-

2N651 2N65 
0 14 015 

GAIN DECREASER 

2N65I 

2N167 

(2) 
2N65I 

017 QI8 

AMPL CHOPPER 

Level Variations, Electronics, 33.31, p 103-

106. 
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2.5-17 
500 pf pf 

50f1 
SOURCE Ti 

TYPICAL 

PERFORMANCE 

Vca = - 6v lc = - 2mo 

GAIN = 8 db 
N. F. 4 db 

2N2415 

0.15 ph 
RFC 

' SHIELD 

500 pf 

IK 

500 pf 

AGC VOLTAGE 

30-MC HYBRID GAIN CONTROL—Q2 acts as 
variable impedance to give emitter degenera-
tion, which is a form of external gain con-
trol. Q2 also controls collector current of Q1 
to give reverse gain control action, which is 
internal gain control. Gain control range is 
33 db, with 2:1 change in bandwidth.—Texas 
Instruments Inc., "Solid-State Communica-
tions," McGraw-Hill, N.Y., 1966, p 222. 

5011. 
SOURCE 

2.2 pf 

j• 2.5 - 
17 pf 

500 pf 

0.15 ph 

RFC 

500 pf 

Rc 

VCC 

680 
pl 

6.8 K 

AGC VOLTAGE 

2500 pf 

01 
2N2I89 

50.ft 
LOAD 

SHIELD 

L 

450-MC GAIN-CONTROLLED STAGE—Has gain 
of 8 db with typical noise figure of 4 db. 

Reverse gain control is 21 db for collector 
current of 20 microamp, and forward gain 

control is 26 db at 7 ma collector current.— 
Texas Instruments Inc., "Solid-State Commu-
nications," McGraw-Hill, N.Y., 1966, p 220. 

8- 60 pf 

2 500 
Pf 

02 

2NI305 

R2 
820 

180 

1 0 

KEYED 
CLAMP 

R4 
I.2K 

15K 

03 

§39K 

R3 
VI 
EL84 

Ro I.6K 
•--/s/vN.  

Rb I.8K 

02 

Rc 2.4K 

Y4 

39 

Pd 3.3K 

Re 3.3K 

Rf 2.4 

Rk 
4 I.2K 

6 47 

56 

68 

91 

910 
40= 

V2 
EL84 

e 
REF 
ADJ 
2.5K 

100K 

§4.7K 

TOE 
ADJ 
50K 

0.22 
• 

+300V 

V3 
EL84 

MEG E0 

VIDEO 
OUTPUT 

10K 

SIGNAL LEVEL CONTROLS GAIN—Amplifier is 
used with nonlinear circuit elements to get 
D-versus-log E characteristic approximating 

that of positive color film being scanned. 
When no signal is applied to grid of VI, all 
diodes in its cathode circuits are conducting, 
equivalent cathode resistance is lowest, and 

stage gain is highest. As signal level in-

creases, diodes V4 through V9 successively 
stop conducting, with V9 turning off last to 

make stage gain a minimum.—R. M. Farber 
and K. M. St. John, Scanner Analyzes Color 

Content of Movie Film, Electronics, 34:48, p 

38-41. 

2 500 
pf _ 

2 500 pf 

50 fl 
LOAD 

L1 a T1 SAME AS IN 
FIGURE 6 

VCC 
TYPICAL 

VCB -9v 
GAIN= 15 db 

N. F • 5.5 db 

CI 

  (  
6AL18 022 

1114 
Di 

1N344 
5.4K 

O 

I5K 

1-265V 
CONTRAST 

Ri 
680K 

PERFORMANCE 

IC = - 1.5 ma 

VIDEO 100K 
470 AMPL 100K BRIGHT-

NESS 

+130V +265V 
FREQUENCY RESPONSE COMPEN-
SATION IN V1 NOT SHOWN. 

D—C Li R2 
COUPLED 2O MN 6.8K 
TO DEI 

V2 
AGC 
5AN8 

18K 

47K 0.1 T  100K 

AGC 

BACK-PORCH KEYED AGC0—VComposite of d-c 
coupling for dark scenes and cs-c coupling for 

bright scenes, with agc referenced to back-
porch (blanking level) rather than to sync 
tips, approaches ideal compromise for auto-
matic control of tv picture.—L. Solomon, New 
Tubes and Circuits for Consumer Electronics, 
Electronics, 36:2, p 47-49. 
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5011. *  

SOURCE 

L. 
3N34 

SH 1 ELD 13.8 pf 

9-180 p 

2.7-30pf 

/17 

TYPICAL PERFORMANCE 

Vcc = 20v lc = I.3mo 

GAIN= 2Idb 

N. F. 6db 

5011 
SOURCE 

680p1 

0.82 
Ph 

10 K 

-4 
er-s1.5 -15pf --... 

--........, 
--.. 0.0010 --... 

0.001pf --...   
) 

( 2 ) 0.001 p f 

100 K 

0-2 5 K 

0.001 pl 

ier 

10 K 
-0 BASE- 2 BIAS ADJ. + 

VEE 

;SHIELD 

2N2I89 8-60 

9-180 
pl 

pl 1 

0 .35ph2500 2500 

L1 Pf 

2500pf 

+AGC VOLTAGE 

20K 
0.01 

Qi 1 
EMITTER 
FOLLOWER 
0.01 

INPUT 111-1( 

+30V 

5IK 

0.01 

0.01 
INPUT FIH  
2   

30V 

470pF--

470pF 

1.6 ph 
5011 

LOAD 

30-MC GAIN-CONTROLLED TETRODE-Collector 

voltage and current are kept constant and 

gain is changed in accordance with base-2 

18 ph current. Gain is 21 db, and typical noise fig-
ure is 60 db.-Texas Instruments Inc., "Solid-

State Communications," McGraw-Hill, N.Y., 

1966, p 213. 

Vcc 

50(1 
LOAD 

Rc 

(
011 FOR REV GAIN ) 
CONTROL — 100011. FOR 
FWD. GAIN CONTROL 

CC 

10K 

51K 51K 

SLICER 

5.1K 

CTP521 
30K e 30K 5IK 

10K 

20K 10K 

'1- 51K 51K 

470pF 

470pF 

30K 30K 51K 

up52, A elOK 

SLICER AND GATE FOR AGC-When peak-to-

peak value of input signal exceeds preset 

reference voltage, slicer Q2 conducts, making 
04 apply amplified signal to Schmitt trigger 

1.8K 

470pF 

SCHMITT 
TRIGGER 

430 15K 

5.1K 

I.8K 

470pF 

- NI=10t # 30WIRE 

N2. 3t# 30 WIRE 
BIFILAR WOUND ON 

CTC PLS62C4L/200630 

COIL FORM 

L1- 6t AIR DUX * 408 

1K 2.2K 

5.1K 
1K 2.21( 

430 15K 2,700pF-

30-MC GAIN-CONTROLLED STAGE-Gain is 15 

db. Typical noise figure is 5 db. Reverse 

gain control range is 25 db from collector 

current of 1.5 ma to 20 microamp. Provides 
20 db of forward gain control.-Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 211. 

 1 18 1 + 30V 

 Fq -6.5V 
17 

7 

30 

REF 
VOLTAGE 
1 

-6.5V 

+6.5V 

GATE 2 
OUT 

REF 
VOLTAGE 
2 

rTI 
31 

16 

+6.5V 

GATE1 
OUT 

-30V 

for squaring. 07 then delivers output gate Amplifier Locks Monopulse Radar on Target, 

that changes fixed-gain amplifier to unity Electronics, 36:39, p 34-36. 

gain to give effect of fast agc for monopulse 
radar amplifier.-W. W. Smith, Fast AGC 
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Ein 

16.8K 

—100 

100 

  0 1 
2N94 

TRANSISTOR AS ATTENUATOR—Servo-type agc 
for transistor receivers holds audio output 

constant despite changes in r-f input. Wide-

band low-noise amplifier is used in trans-

mission loop, while direct-coupled grounded-

emitter amplifier drives detector circuit in 

feedback loop.—F. Susi, Solving the AGC Di-

lemma—Servo System Uses Attenuator, Elec-

tronics, 36:29, p 60-62. 

Input 

0--)1  
0.01 

§33 K 680 K 

Q1 
2N929 

§150K 

Q2 
2N929 

470 K 

470 K _0.0027 
disk 

All resistors /2 watt 5% 

47 K 
 "VV\.  

2K 620 

820 100 

03 THRU 012' 
2N696 

22K 1N695 0.02 

; cIN695 

07 100 

100 100 

820 100 100 

101.4f W -

35 v d-ci 

1N659 

I 1N659 

RB  

22 K 
0.0012 § 
disk  

— 0.0012 1.- disk 

1 0.1 175v 
disk 

0.1 
.--. 75v 

disk 

100 K 6.8K 

Q4 
2N1309 

VAGC Q3 
TI 484 

1 pf 
6v d-cT_ 

Î 82 
4.7 K 33 K 

1N659 
LOW-NOISE LOW-LEVEL AUDIO AGC—CH and maximum Input signal is 2 mv. Noise figure cuit Design," McGraw-Hill, N.Y., 1963, 

02 are active amplifier elements. Agc range is 6 db. Agc circuit here uses shunting diode 

is 60 db, maximum output signal is 1 v, and DL—Texas Instruments Inc., "Transistor Cir-

12 K 

 1(-•  
0.1 
15v 
disk 

§6.8 K 

1.2 K 

1 iÀf 
— 6v d-c 

Q5 
2N1309 

2.2 K 

33 K 

+25v dc 

+I 1 be 
15 v d-c 

0.001 

disk 

8.2 K 
1K 

Q6 
2N1309 

• i(Zput 

0.2 

0.1 
10 K 75v 

disk 

 1(  
179. 
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V2 
5751 

CI or 
22 RI 

o---I 

VI 
5726 
or 

5896 

+150V 

R6 
100K 

6112 R8 
220K 

TO SQUELCH 

V3 5726 or 
5896 

R3 220K 
47K 

PREFERRED AGC AND SQUELCH CONTROL— 

Furnishes bias voltage for r-f and i-f stages 

of receiver, to minimize changes in output 

volume as input signal fades or as receiver 

is tuned to station having different signal 

strength. Additional output controls squelch 

tube that suppresses background noise in 

PREFERRED SQUELCH—Used in sensitive re-

ceivers having agc, to suppress objectionable 

increase in noise output when no signal is 

present, as when receiving intermittent trans-

missions. Uses d-c amplifier that is added to 

grid circuit of first audio stage to bias it 

AGC CONTROL 2N4I7 
VOLTAGE 

47K 

5IK 

240 

Bandwidth is 1.25 Mc and maximum gain is 

91 db.—J. F. Perkins, Transistor Cascade Cir-

cuit Improves Automatic Gain Control in Am-

plifiers, Electronics, 34:22, p 49-51. 

100K 2NI143 

RIO 
330K 

-150 V 

C4 
0.047 R 

I.5M 

AGC 

OUT 

absence of input signal. Maximum i-f input 

is 7 y rms. Maximum d-c output level is 

—27 y for miniature tube and —35 y for 

subminiature.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equipment," 

Vol. I, Electron Tube Circuits, 1963, PC 63, 

p 63-2. 

beyond cutoff and thereby silence it until 

usable signal arrives.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. I, Electron Tube Circuits, 
1963, PC 64, p 64-2. 

I  2K1 0.1 

2K 

2N588 

2K -7--"-- 0.1 2K 0.1 100 =-" 0.1 2K 

•  

AGC FOR WIDE-BAND I-F-2N417 transistor 

is gain control element for 10-Mc tuned i-f 

amplifier using transistor cascode circuit. 

BRIDGE WITH AGC FOR ON DIODE—Input 

signal is applied in push-pull to two diodes, 

then combined by two capacitors. Reduction 

of agc bias increases attenuation of signal 

by bridge.—W. A. Rheinfelder, Designing 

Automatic Gain Control Systems, EEE, 13:1, 

p 53-57. 

+ 20vd c 

FET FOR AGC—Uses 2N2498 fet as variable-

emitter resistor in common-emitter transistor 

amplifier. Low-current 2N3328 is used to 

supply constant emitter bias current and 

have very light dynamic loading on emitter 

for maximum agc range. Since variable re-

sistor is capacitor-coupled to emitter of tran-

sistor, there is no change in bias current 

when strong agc voltage is suddenly applied. 

Absence of transient thump makes circuit de-

sirable for broadcast speech compressors.— 

L. J. Sevin, Jr., "Field-Effect Transistors," 

McGraw-Hill, N.Y., 1965, p 78. 

100 -=- 0.1 2K 

10V 
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a—j RESONAÑT X/2 DIPOLE 

-GAMMA ROD 

2N1742 

330 

0.0I µF 
0.01µF 

MD -7=- 1,800 T  
POINT 'VW 
OF DIPOLE 

0.01µF 

- X/4 CHOKE 

CONTROL VOLTAGE 

VARIABLE-GAIN ANTENNAFIER-Use of for-

ward agc permits varying gain of amplifier 

mounted on dipole, as required for arrays.-

J. F. Rippin, Making the Antenna an Active 

Partner, Electronics, 38:16, p 93-96. 

AGC CONTROL 
VOLTAGE 

2K 
2N4I7 

03 
100K 

0.01 

+I.5V 

2K 

2NI143  

Q 

100 

JR-F OUTPUT 
ID C INPUT 

-I0V 

2N384 

1 4.7K 

CASCODE WITH AGC-Q3 is gain control 

element for cascode combination Q1-Q2 in 
10-Mc i-f amplifier.-J. F. Perkins, Transistor 

Cascode Circuit Improves Automatic Gain 

Control in Amplifiers, Electronics, 34:22, p 

49-51. 

BRIDGE WITH AGC ON BOTH DIODES-Agc 
is applied to center tap of transformer, to 

turn one diode off while other is being turned 

on. Attenuation can be 40 db over band-

width up to 250 Mc with ogc bias of 0.5 to 

3 v. Insertion loss is only a few db.-W. A. 

Rheinfelder, Designing Automatic Gain Con-

trol Systems, EEE, 13:1, p 53-57. 

son 
SOURCE 

510 -1-

47K 2.2K 

AGC IN 

TYPICAL PERFORMANCE 

VcB •-6 lc •- 1.5ma 

GAIN • I7db 

N. F.. 3db 

50 

03 
2NI638 

D2 

14 

510 

iR4 

REGULATED 
10V 

10K 22K 

PREVENTING CLIPPING IN CONTROLLED 

STAGE-Agc bias controls negative current 

feedback in each controlled i-f stage. Diode 

D2 prevents clipping when forward bias falls 

below peak value of signal.- P. V. Sparks, 

Servo Filter and Gain Control Improve Auto-

matic Direction Finder, Electronics, 34:23, p 

110-113. 

GC,C 

AGC WITH DIODE T-NETWORK VARICAP-

Voltage-controlled capacitor circuit minimizes 

effect of shunt capacitance, thus reducing res-

onance peaks and preventing regeneration, 

but insertion loss is high (8 db).-W. A. Rhein-

felder, Designing Automatic Gain Control 

Systems, EEE, 13:1, p 53-57. 

AGC VOLTAGE 

200-MC GAIN-CONTROLLED STAGE-Has gain 

of 17 db with typical noise figure of 3 db, 

24 db of forward gain control, and 33 db 

of reverse gain control.-Texas Instruments 
Inc., "Solid-State Communications," McGraw-

Hill, N.Y., 1966, p 218. 

5011 

LOAD 

LI 

I/4" 

LI . 1/4 « X I/32" COPPER STRAP BENT 
AS SHOWN ABOVE. 

L2. 2 it 2 2 SOLDEREZE CLOSE 

WOUND ON C.T. C. 
PLS62C4L / 200 63 NO SLUG. 
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AGC 
0 TO - 15V 

AGC WITH VARICAP-Basic voltage-controlled 

capacitor circuit uses capacitance variation 

with voltage of back-biased diode constructed 

to have large capacitance changes, such as 

Varicap. Circuits give different insertion losses 

and gain changes. Left: 5 db insertion loss 

and 16 db gain control range for agc bias 

.001 IN6 7A .001 

DIODE L-ATTENUATOR AGC-Two diodes pro-

vide maximum agc control. Circuit gives con-

trol range of about 15 db with agc voltages 

to 3 v. Above 200 Mc, frequency response 

changes irregularly with attenuation.-W. A. 

Rheinfelder, Designing Automatic Gain Con-

trol Systems, EEE, 13:1, p 53-57. 

R2 

STAGE FIXED ± 1% + TRIM POT 

16DB 360 + 100 

8DB 1K + 1K 

4DB 3.6K + 1K 

2DB 8.2K + 1K 

1DB 13K + 10K 

1/2DB 20K + 10K 

1/4DB 30K + _ 10K 

NINE FIXED-GAIN STAGES GIVE AGC-Mono-

pulse radar amplifier stages are used in cas-

cade, each with different fixed gain and a 

slicer that switches from that gain to unity 

gain if signal exceeds predetermined refer-

ence level. Give gain up to 80 db in 0.5-db 

0 TO - I5V 

-I5V 

.001 .001 

AGC AGC 
0 TO - I5V 

of 15 v. Center: 2 db loss and 11 db gain 

range. Right: 7 db loss and 18 db gain 

range. All can be reasonably flat for 200-

Mc bandwidth.-W. A. Rheinfelder, Designing 

Automatic Gain Control Systems, EEE, 13:1, 

p 53-57. 

o  

(0 TO -I6V) 

AGC WITH VARICAP DIODE BRIDGE- Uses 

voltage-controlled capacitors to provide very 

large gain control range, greater than 30 db. 

-W. A. Rheinfelder, Designing Automatic 

Gain Control Systems, EEE, 13:1, p 53-57. 

OUTPUT 
1 

GATE1 
IN 

steps, equivalent to fast agc, to give con-

stant 10-v output for signals ranging from 

1 mv to 10 mv.-W. W. Smith, Fast AGC 

Amplifier Locks Monopulse Radar on Target, 

Electronics, 36:39, p 34-36. 

-1OV 

AGC FOR ADF-Gives uniform receiver re-

sponse over wide dynamic range of input 

signal levels. Output of third i-f stage 02 

is applied across agc diode D1.- P. V. Sparks, 

Servo Filter and Gain Control Improve Auto-

matic Direction Finder, Electronics, 34:23, p 

110-113. 

SIMPLE AGC-Used to keep output of com-

munication receiver relatively constant with 

varying input signals.-NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N12-4. 

15v 

DIODE T-ATTENUATOR AGC-All three diodes 

are simultaneously controlled, to give excel-

lent agc action over control range of 20 db, 

although insertion loss is high Frequency re-

sponse is excellent up to 150-Mc cutoff.-W. 

A. Rheinfelder, Designing Automatic Gain 

Control Systems, EEE, 13:1, p 53-57. 

DOUBLE-GATED AGC-Uses zener diode to 

supply standing bias for agc bus.- W. A. 

Rheinfelder, Designing Automatic Gain Con-

trol Systems, EEE, 13:1, p 53-57. 



CHAPTER 7 

Automotive Circuits 

NOTE. "RIGHT" 
AN D "LEFT"—I2V 
TAPPED OFF FROM RIGHT 
AND LEFT FLASHER 
LIGHTS ON AUTO DASH 

2.7K 

150 0 + I2V 
( AUTO FRAME) 
MFD  T 25V 

AMPLIFIER 
2N32I 

"RIGHT" 
—I2V 

"LEFT" 
—I2V 

AUDIBLE TURN-SIGNAL INDICATOR—Produces 
two different tones in synchronism with turn-
signal flashers. Diodes prevent short-circuit. 
For autos with positive ground.—"Transistor 
Manual," Seventh Edition, General Electric Co., 
1964, p 381. 

03 
1S121 

1S121 

R2 

2.7K 

R3 

1.5K 

Ql 

2S324 
R6 
2.7K 3 

2S322 

 I(  
O.25µ 

R4 
12K R7 

12K: 

AUTOMATIC IGNITION ADVANCE—Inductive 
pickups on engine crankshaft feed to A and 
B, to make timing vary with engine speed by 

2S324 

R8 

r», 330K; 

C2 
0.003µ 

R10 
180 

IGNITION 
COIL 
PRIMARY 

CHASSIS 

CONTACT 
POINTS 

C2 
1.0gF 
12V 

Cl 
0.10 
250 V 

Rs 
220 DI 

0-1 METER 

INCLUDES ) 
METER 
RESISTANCE 

01 — 400 PIV, IA PEAK 
D2— 6 VOLT ZENER DIODE 

AUTO TACHOMETER—Connects to automobile 
circuit at battery and at distributor contact 
points. Zener diode D2 limits maximum 
charging voltage across C2.—.I. A. Irvine, No 

Moving Parts in Auto Tachometer, Electronics, 
39:9, p 77-78. 

R18 
15K 

L_  _/ 

I( 
C4 

Q6 ii 

2S512 

triggering monostable delay placed ahead of 
basic Delcotronic spark generator (dashed 

lines).—A. R. Hayes, Electronically Controlling 

R17 

30 

2N1485 

D7 
2N258 

+12V 

R19 

75 

DISTRIBUTOR 

05 
6.8V 

Auto's Engine Spark, Electronics, 37:32, p 
43-44. 

65 
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START 

+12V 

DI 

C124ZR 

R, 

C124ZR 

GAS-TUBE AUTO IGNITION—Thyratron V2 

discharges Cl through spark coil T3 to pro-

vide ignition spark each time points open and 

INPUT 

INPUT 

OUTPUT 

UP TO100V 

M4148 

5N81 OR 
SNOZ 
IMPENDING 

vOLT4GE I 

2200 

SCS SINGLE-PULSE GENERATOR—Gives one 

output pulse for each positive-going input. 

Can be used as tachometer, power loss de-

tector, or peak detector.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 434. 

FEED-
BACK 

2.5K 

10K 

47K 4.7K 
ft1 

47K 2.2K 

2.2K 2.2K 

25 33K I5K 

0.5 60 CPS CONTROL 
SIGNAL OUTPUT 

02 THROUGH 05 ARE 2N188A 
ALL OTHERS 2NI92 

Eev, 

CH- I145 

— C2 
0.03 

47K 

HIGH 
VOLTAGE 
OUTPUT 

magnetic field of trigger transformer 72 col- Quinn, Gas Tubes and Transistor for Electron-

lapses. Field is built up in Tl -T2 by power ic Ignition, Electronics, 34:50, p 62-64. 

transistor Q1 when points close again.—H. P. 

6.8 K 

MAGNETIC-TAPE CONTROL OF ENGINE—Auto 

engine parameters are recorded during road 
tests, and tapes are then used to program 

laboratory engine to simulate further tests. 

Synchronous switches Q2-Q3 and 04-Q5, 

driven by line-frequency square-wave gener-

we 3,iffe 

e l'eec 

000 

I se.e. 

I 

3me 
prc 

8 MEGS 

DRIVER-2. 
CONTROL I 

re-CMPLIFIER UNIT — T rueiRIDE Foorl 

I 680 

I 0.01 

1 

SW _ 
LvDiti 

j T 

4-- I 
IK   LIGHT>. , 

•  S POWER I 
ii DM $75  I I RELAY CONT  MEG6 L0.25  — j 

HOLD 
CNT - 1 

1 

, 
1 

te UNIT  -3 L _ IAL—LAS—T — — 
G PHOTOTUBE c  T 70-110(%)71 

 r 1 

HEADLIGHT DIMMER—Will hold low beam set-

ting even when approaching driver dims his 

headlights. Restores high beam only when 

light is completely removed from photocell. 

SQUARE 
WAVE 
INPUT 

100K 
1 R7 

--C4 

0.25 

R4 3.9K 
22k 

R6 
2.5K 

à 

Street lights therefore keep system on a low 
beam. Used in Autronic Eye.—W. E. Bushor, 

Electronics and the American Automobile, 

Electronics, 31:47, p 73-79. 

8.2K 

6.8K 

ator, operate as line-synchronous spdt switch, 

to place tape signal and lab-engine feedback 

signal on line alternately and synchronously 

with line voltage. Frequency-measuring cir-

cuit develops d-c voltage proportional to 

input frequency. Output is used to drive two-

0.1 

5.L I.5K 

39K 22K 

120 
NOTCH 

COMMAND 

BAND 
PASS 

3.3K _ C3 3.3K 50 
0.5 

2.2 K 

39K 

Phase motor that controls lab engine param-

eter.—V. C. Vanderbilt and C. L. Zimmer, 

Magnetic Tape Recorder Programs Engine Dy-

namometer Tests, Electronics, 33:51, p 74-77. 
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HIGH-PRECISION AUTO TACHOMETER—For 

auto ignition system having 12-v negative 

ground. Gives ultralinear readings on meter 

scale.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 380. 

INPUT FROM 
DEFL PLATE 

NE2 

50K 
-I25V 

GATED AMPLITUDE RATIO INDICATOR—Accu-

rately measures cylinder gas temperature as 

function of engine-cycle phase angle, by us-

ing amplitude discriminator to indicate ratio 

of two infrared radiation intensities emitted 

METER O-.5 MA 
CALIBRATED 
0-6000 RPM 

3300 1000 

TO 
POINTS 

22k 33 22K 47K K 

MAGNETIC 
PICK-UP HEADS 

\ —1.r" 

MAGNETIC 
DRUM 

4.7K 

—9V 

MARKER AMPLIFIER 

-65V 

3900 

252926 

K= X 1,000 

by gas at two known wavelengths. Discrimi-

nation is accomplished by amplifying 0.1% 

slice of radiation signal.—R. R. Bockemuehl, 

Gated Ratio Indicator Aids Engine Research, 

Electronics, 32:13, p 64-65. 

NE2 

NE2 

NE2 

TO 
AND 
GATF 

1000 
5E29,2N2647 
OR 2N4'33 

UNIJUNCTION 

E 2500 

+43V 
12K 10K +300V 

+100V I.5K 

,SINGLE REV 
- / MARK 33K ,' MARK 

-65V 

4.7K 100K 

K. X 1,000 

STAIRCASE INTEGRATOR FOR ROTATION 

ANALYZER—Used to observe relationship of 

crankshaft angle in gasoline engines to cyl-

inder pressure and ignition timing. Param-

eters under study are indicated by angular 

  TRIG 
M 

+4.5V 

INTEGRATING STAGES 
, Vie 

761307A 

VIA 

i6807A 

ONE-DEGREE 
MARKERS TO. 
INTEGRATOR 7 

STABILITY 

100K 

500K 

+100V 
vu, %lye 

-p2e7 ±12A77 — 

10-20V 

330 
IW 

151769 OR 
GE-4JZ4 X 828 

BV 
IW 

No. OF 
CYLINDERS 

4 6 8 

CI IN » fd FOR 2 
CYCLE ENGINE . , 

2 , .I, 

CI IN » fd FOR 4 

CYCLE ENGINE . 68 • 47 
.33 

FUEL-PUMP OSCILLATOR—Silicon transistor 
serves as switch that eliminates arcing con-

tacts, permitting use of pump in explosive 

atmosphere, even inside fuel tank. Power 

transistor is in blocking oscillator circuit for 

driving solenoid plunger assembly of com-

mercial electric fuel pump. Feedback winding 

was added to drive coil. Ratio of solenoid 

coil turns to feedback turns should be 4 to 

1 to insure proper starting in cold weather. 

—H. F. Weber, "Transistor Operated Fuel 

Pump Eliminates Arcing Contacts and Com-

mutator Brushes," Motorola Application Note 

AN-175, Feb. 1966. 

+300V 

2r  

+100V I 

47K 

+100V 

+100V I( 

100 

0.0022 

47K 27K 
—150V —150V 

displacement of rotating disk and are con-

verted into signals for cro display. Magnetic 

drum i s coupled to shaft under test. Ferrite-

coated fiber disk with 1° magnetically re-

corded markers is source for pulses that are 

120K 

V-. 
¡GALS 

2.2 MEG 

0.001 

—150V - 

1.5 
MEG NEI 

—150V 

+100V 

V/IB 
-'2-6AN8 

+300V 

,04 V48 
,i6AN8 

MODIFIED 
MILLER 

RUNUP 
INTEGRATOR 

SWEEP LENGTH , 

INTEGRATOR 
OUT 

I5K 

I5K 

8.2K 

—150V 

amplified for staircase integrating amplifier 

that feeds cro.—G. E. Edens, Stairstep Inte-

grator Analyzes Rotation, Electronics, 31:13, 

p 41-43. 
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12.6V — 

POINTS AND 

CONDENSER 

04 
IDA 

SIL ICON 

BALLAST 

IGNITION 
COIL 

PASSIVE TACHOMETER—Circuit is placed in 

series with ignition coil to pick up ignition 

pulses and feed them to integrating rate-

meter calibrated in rpm. Number of pulses 

per shaft revolution depends on number of 

cylinders.— F. Trainor, Unique Engine Tachom-

eter Uses only Passive Components, Electron-

ics, 35:30, p 40-41. 

INPUT 
ECCLES-JORDAN 

K=1,000 

ZERO-POWER ENGINE TACHOMETER—Requires 

no battery or other power source. Coil from 

10K relay serves as pickup for mounting near 

rotating magnets of flywheel of outboard 

motor or magneto. When rotating magnets 

are not available, as in most automotive en-

gines, variable-reluctance pickup is used. This 

ECCLES- 200 MILLISECOND 5,0,15 SEC 
JCROAN DELAY DELAY GATE 

FROM Vzo IN DISPLAY UNIT 

IN34 OR EOUIV 

PICK UP COIL 

can be made from old loudspeaker, mounted 

so fan blades of generator pass between 

pickup coil and permanent magnet. Coil 

mounting should be aluminum to maintain 

calibration that is made with commercial ta-

chometer.— K. M. Bronscome, Engine Tachom-

eter, FEE, 10.9, p 27. 

AUTO-LOCKING GATE FOR TACHOMETER DIS-

PLAY— Permits pulses to pass to display unit 

during gating period. Display can be held 

for 5, 10, or 15 sec by switching different 

capacitors into delay mvbr. Additional 200-

millisec delay gives time for counting tubes 

to return to zero.— J. K. Goodwin, Digital Ta-

chometer Aids in Turbine Design, Electronics, 

32:15, p 58-61. 

serve as d-c to d-c converter.— R. Van Houten 

and J. C. Schweitzer, A New Ignition System 

For Cars, Electronics, 37:26, p 68-72. AUTO IGNITION—Capacitive-discharge igni-

tion system uses scr as switch. Transistors 
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PULSE- 1000 PPS COUPUNG 100-PPS COUPLING 10- PPS COUPLING H ITT 
100-KC FORMING COUPLING 
OSC MVBR TUBE 

[AMU( -FUME DIVIDER TUBE DIVIDER TUBE UWIUGII '‘'.. r...." ECCLES-JORDAN PULSE-FI • 450V 300V DIVIDER lAVB 

1',22K ,.. 

----)i=. 
MEG ' " . 

, 
' 
1 50K 

330K ' 351 ;220K 
390K i220K ¡MK not( 390Ki 47 47K I SEC 

, 47 MEG 

Pr.., 2 f2204 4, 
al IC0 ' 150K 0.031 ,. ...._._ 

mEG  
! 

V‘A GC100 ALL 0100E5 33K ele e 50« c nrcOP, 4 C. 
il2AT7 . '4.8 

GEX54/I 

GC102P GC102P 1¡ 12*774 1 22K 
VI 

GC1028 
PI 15•44ig.1420 100; 

••F 
( 

200 
g 

04 
W77 - 

ro 

_ . 

I "e 

il2ATQ05 ft2Ar 7 a 2 
I2AT 

4. . 
.‘ __ 2 
r..T 

-..- 
•.1 • .4. - 

MEG 
4.4.-4 • 50 

osotf me 

' le li 

2201( 
70K 

1 

? 

il G 

3 x 

-) 
R 33kj 0.001-  

82 

• ..--1.- 

>o 
ri 0.001 

62 

47 

-. •F 

_ 

2 

27K 

75 
•,.F 

10K 1001( ...,_.. 

47K 

12AT7 

47\150K„ 

7K 
220K 

^ 

12AX7 

433K 
33K 
iec — 22K 

g 

al 105V . OK GI 

1-PPS GATE-OPENING T MER—Produces pulses 

at 1-sec intervals to control gate of 400,000-

rpm digital tachometer. Crystal oscillator 

2.2K 

5K 
412V 

<?I' 2.2K 

27011 

produces 10-kc signal. Deka rons are used to 

divide this to 1-pps output —J. K. Goodwin, 

Digital Tachometer Aids in Turbine Design, 

.05 PULSE 
INPUT 

2N167IA 

TACHOMETER AMPLIFIER—Unijunction transis-
tor is basis of simple, inexpensive tachometer 

amplifier or frequency meter. Each negative 

input pulse of sufficient amplitude triggers ujt, 

so capacitor is discharged through ujt. Ca-
pacitor is then recharged tbrough d-c am-

meter by current having sawtooth waveform 

that minimizes flutter at low frequencies.—T. 

P. Sylvan, Frequency Meter-Tachometer Am-

plifier, EEE, 10:8, p 25-26. 

PUSH TO CAL IBRATE 

800py I 

QUICK-DISCONNECT TACHOMETER—Can be 

connected and disconnected from engine fast 

enough for production-line speed adjustments. 

Pulse is picked up by curved probe that is 

hooked over ignition cable in use. Probe is 

RUN 

Electronics, 32:15, p 58-61. 

START VAGNETIC 
PICwUP 

MAGNET-ACTUATED IGNITION— Distribu-

tor contact points are replaced by magnetic 

pickup that delivers timed pulses to trigger 

transistor QI, driver 02 and output transistor 

Q3, with latter controlling primary current 

through ignition coil. Zener diode DI clips 

voltages exceeding voltage rating of 03.—S. 

B. Gray, Home and Auto Controls, Electronics, 

36:19, p 52-56. 

made from RG58A/U coax with 1 inch of 

shield removed to provide coupling. Result-

ing pulse picked up is about 1 v, with width 

of about 20 microsec. Pulse is fed to first 

stage Ql of monostable mvbr, which acts on 

Q2 to give pulse with constant height and 

13 V 

INS 

390K 

'NB 

4701C 

10K 

M4 

width, having engine spark frequency. Meter 

gets current pulse through emitter-follower 

for each spark, so average meter current is 

proportional to rpm.—TransIstorlzed Tachom-

eter, "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., p 154. 
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INPUT 
FROM 
BANK 1 

 0 "L+E1F2Tv" 

330 10K 

82 

2N20 0.33 
50V 

-12V 

330 10K 

82 

Bi 

015 
2N2 I60 

-I2V• 

5 MFD 
25V 

5MFD 

25V 

6.2K 

TRANSDUCER D-C AMPLIFIER—Bank 1 of 24-

channel telemetry sampling switch feeds trans-

ducer outputs in sequence to heat-stabilized 

low-drift d-c amplifier. Output goes to bank 

2, for feeding f-m subcarrier oscillator, which 

in turn amplitude-modulates uhf transmitter. 

—A. Potton, Telemetry System for Testing 

Automobiles, Electronics, 33:43, p 57-59. 

3O- SEC 
MVBR 

300V 
DEKATRON TUBE DEKATRON TUBE 

  "RIGHT" 
° + 12V 

IN4009 it IN4009 NOTE "RIGHT" AND 
"LEFT" + I2V TAPPED OFF 
FROM RIGHT AND LEFT FLASHER 
LIGHTS ON AUTO DASHBOARD. 

AMPLIFIER 2N32I ±-50MFD 

25V 

SPKR 

AUDIBLE TURN-SIGNAL INDICATOR—Produces 

two different tones in synchronism with turn-
signal flashers. Diodes prevent short-circuit. 

For autos with negative ground.—"Transistor 

Manual," Seventh Edition, General Electric Co., 

1964, p 381. 

-12V • 0 
(AUTO FRAME) 

LINE-TRIGGERED SQUARE-WAVE GENERATOR 

—Bistable multivibrator QI -Q2 is triggered by 

Ti through master phasing network RI -Cl. 

R2 adjusts duty cycle. Output signal goes to 
frequency comparator that makes lab engine 

UNITS COUPLING TENS COUPLING HUNDREDS 
DEKATRON 

duplicate parameters recorded on magnetic 

tape during actual road run.—V. C. Vander-

bilt and C. L. Zimmer, Magnetic Tape Re-

corder Programs Engine Dynamometer Tests, 

Electronics, 33:51, p 74-77. 

TEN ZERO 
COUPLING THOUSANDS COUPLING THOUSANDS RESET 
TUBE DEKATRON TUBE DEKATRON THYRATRON 

+450 V 

56K 
VII 

GCIOD 
100 

o 
gag 

430K e68K 

Z77 0.001 
100 

220K 
47 
µµF 

10K 

50K 820K •220K39°K 
Vry 

GC106 m4 68 
GTE 
175M 

50K 
270K 

820K 
0.002 8ZOK 

0.01 
120K 

120K 

339K 

220K 
Vis 
ION vie681( 

GTE 
IThMÏ 

0.01 

5  270K 

820K 
820K 

.002 

390K 
220K 

68K 
vis 
GTE 
175M 

820K .; 
 82019. 

)47 
0.001 GC108 

o 

120K 

41-3 

39K 

ZERO 

120K 

LINE 

—31-6 

R4 
L5K 

220K 

Vzo 
EN9I 

L5K 

O 

0.01 

o 

47K 

400,000-RPM TACHOMETER DISPLAY—Has five 

Dekatron tubes arranged in cascade. Nega-

tive-going pulses from plate of gating tube 

are fed to 30-microsec one-shot mvbr V10. 

Tetrode thyratron returns Dekatron to zero at 

end of counting period.—J. K. Goodwin, Dig-

ital Tachometer Aids in Turbine Design, Elec-

tronics, 32:15, p 58-61. 
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+12 VOC 

100pF 

+250 

IN 

Q: 
3 3K 2.2K 2R.22 2N35 K  

SINGLE-TRANSISTOR AUTO TACHOMETER— 

Uses zener diode to compensate for varia-

tions in 12-v supply. Meter is calibrated in 

rpm, using R3 for final adjustment. Range 

is 0 to 6,000 rpm. Input is ignition wave-

form.—.1. Cowan, Auto Tachometer Uses Tran-

sistor, Electronics, 31.33, p 92-94. 

HIGH-VOLTAGE PULSE GENERATOR—Square-

wave input to transistor Q1 triggers scr on 

and off, inducing high-voltage damped-oscil-

lation pulse in secondary of Ti. Used for 

auto ignition and other applications requiring 

up to 30 kv from 0 to 400 times per second. 

—D. R. Grafham, Now the Gate Turnoff 

Switch Speeds Up D-C Switching, Electronics, 

37:12, p 64-71. 

AMPLITUDE DISCRIMINATOR— High-speed trig-

ger with adjustable bias network and 

cathode-follower output serves as amplitude 

discriminator for tachometer that responds to 

pulses produced by gamma radiation sources 

on sealed-in rotating parts not directly cou-

Pled to input or output shafts of transmis-

sions or turbines.— R. R. Bockemuehl and P. 

W. Wood, Unique Two-Channel Tachometer 

uses Radioisotopes, Electronics, 35:49, p 44-

45. 

120-W, 300-V D-C AUTO CONVERTER— For 12-

v auto systems. Develops square-wave volt-

age at 200 cps, for conversion to 300 y d-c 

by silicon-diode bridge rectifier. Each switch-

ing transistor requires 7-inch-square sheet of 

'8th- inch aluminum as heat sink.—W. E. 

Bushor, Electronics and the American Auto-

mobile, Electronics, 31:47, p 73-79. 

HEADLIGHT DIMMER—Automatically switches 

from high to low beam when oncoming head-

light strikes photocell. Driver may dim lights 

manually at any time and leave them dim 

When lights have been dimmed automati-

cally, momentary reduction of light on photo-

cell will not cause return to high beam.—W. 

E. Bushor, Electronics and the American Auto-

mobile, Electronics, 31:47, p 73-79. 

R, 



CHAPTER 8 

Battery Charging Circuits 

SCR 

900V 
TO 
FLASH 
TUBE 

FLASH TUBE 
TRIGGER 

SHUTTER 
CONTACTS 

200 W-SEC SYMMETRICAL INVERTER—Designed 

for professional use. Thyratron trigger tube 

limits shutter contact current to 100 micro-

amp. Converter charges storage capacitors to 

90% of full charge in 8 sec. Peak current 

drain from nickel-cadmium battery during 

charging is only 5 amp, and idling current is 

350 ma. 1,500-cps oscillator uses toroidal 

saturable-core transformer. 900-v full-wave 

voltage-doubling circuit has its center ground-
ed, so maximum voltage above or below 

ground is 450 v.—H. A. Manoogian, Transistor 
Photoflash Power Converters, Electronics, 31: 

35, p 29-31. 

CHARGING SUPPLY 

(UP to 18 A RMS) 
t 11  

2 
o  • 

12-V BATTERY CHARGER CONTROL—Ujt with 
RI, R2, R3, and Cl form relaxation oscillator 

that gets power from battery being charged 

and serves to trigger scr through T1. When 

required firing voltage of unijunction, as de. 

termined by battery voltage, exceeds break-

C 

2 

UJT 

• 

1 
TIL 

down of zener DI, ujt can no longer oscillate, 

and charging ceases. R2 controls cutoff point. 

Charger is protected because scr cannot con-

duct under conditions of short-circuit, open-

circuit, or reverse polarity connection to bat-

tery. Values are: RI-3.9K; R2-2.5K; R3— 

.> 
R 2 

§ R3 

• o 

12V 

3.3K; C1-0.25 mfd; D1-1N753 zener, 6.2 v, 

400 mw; SCR—MCR 808-3; UJT-2N2160.—R. 

Wechsler, "A Unique Battery Charger Control 

Circuit," Motorola Application Note AN-179, 

Feb. 1966. 

72 
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r— 

L. 

VALUES SHOWN FOR 
NOM 12V BATTERY 

ADJ. 

TURN 
OFF 

TURN 
ON R2 

2K 

R4 
3.48K 

Da 
TI- 56 

IA 
Ql 
2N697 

¡ 

I I UNITS : DI^ A I 
I 

KA 8 B 
I D18 1 

I  

A/}f 1 I 
L _ _ _ J 

CONSTANT 
CURRENT 
SOURCE 

R8 
270 

12 V DPDT 
RELAY MAX 
COIL CURRENT 
0.2 A 

D2 

1N706 

QUASI-CONSTANT-CURRENT BATTERY CHARG-

ER— Circuit monitors state of charge of battery 

while charging at constant high rate, then 

transfers automatically to constant-current 

trickle charge when buttery is fully charged. 

—A. Anton, Comparator Controls Battery 

Charging Rate, Electronics, 37:12, p 72. 

AUTOMATIC REGULATOR UNIT 

C2 

3 PAPER 

> 0.5 MEG 
85 

0.15 MEG 
 VVVV`  

c, 
0.00025'-' 

2050 

CT 

1,000 

3 
1,000 

R4 

1,000 
-,VVV`• 
R5 

AUTOMATIC VOLTAGE 
REGULATOR a CHANGER 
CONTROL 6.3V 

K16 

10  
C JRELAY 

-4-

Re 
100 

70 V 
,900000  

'onoo 
120 V 

0-50 

SERVICE LAB LOAD 
CONSTANT 6 6 V 

THYRATRON CONTROLS CHARGER RECTIFIER— 

Automatic regulator turns charger off when 

battery voltage exceeds predetermined value, 

Co 

PAPER 

r— 

L 

CHARGER CONTROL WITH REFERENCE BAT-

TERY— Developed to insure constant d-c supply 

for rotary converters if ship's power supply 

fails. Control circuit operates SW1 at proper 

time intervals. B2, in series with B1 with po-

larity opposing, supplies reference voltage. 

When storage battery needs charge, gas tube 

ignites to pull in RL and initiate charging cy-

cle.— V. ZelufF and J. Markus, "Electronics 

Manual for Radio Engineers," McGraw-Hill, 

N.Y., 1949, p 545. 

BATTERY CHARGER 

25V 
1,000 

ce 

0-30 

LOW 
RES. 
CHOKE 
0.08 
OHMS 

20V SEC 

— 1 o_ou  
000000000000 

120V PRI 

VARIAC 

000nclovs) 
55 TO130V I  

IN USE 

RATE OF 
CHARGE 
CONTROL 

— --1 

6-V 
BATTERY 

and turns charger on again automatically at 

any desired lower voltage from 5 to 7.5 v. Line 

voltage changes do not affect adjustment.-

120V 
AC 

J. Markus and V. Zeluff, "Handbook of In-

dustrial Electronic Circuits," McGraw-Hill, N.Y., 

1948, p 257. 
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-er  AMBIENT TEMPER-ATURE SENSING ELE-MENT R2 500 10K TTEMP LIMIT ADJ 2.54 
0.25A 117V AC 50-800^, 

SCALE 1LLUM 

2N59I 

COMMON NEGATIVE +11.5V TO 

I BATTERY TEMPER- 22 ATURE SENSING LE-MENT 4.85K 

+20V TO + 35V 

1.8 1< 2N647 
on D692 

1N2070 TIE POINTS ON CERAMIC STRIP 
I N2070 

*4 RATICULE LIGHTS 

IN2070 

pl  11,191 

30 W-SEC SUPPLY WITH CHARGER—Charges 
capacitor to 300 y in 8 to 12 sec through 

series-line voltage doubler. Battery drain is 750 ma peak and 150 ma idling. Uses tran-

sistor collector-base junction in full-wave rec-

tifier circuit to charge nickel-cadmium battery 

from stepped-down a-c voltage across N1 and N2. Converter operates as 120-cps square-
wave switch so same transformer may be 

used for 60-cps charging voltage. Battery 

provides up to 300 flashes.—H. A. Manoogian, 
Transistor Photoflash Power Converters, Elec-

tronics, 31:35, p 29-31. 

S'A 2 AMP SLOW-BLOW 

CI 

100 33 

T, 27V 4 AMPS 
1N1200A 03 IN1200A 

Pe.. 47K 47K 

.7.1-.2X100 

6.2V ZENER DIODE 
-±0.1 

02 1N1200A R2 
0.5 04 1N1200A DS, DISCHARGE LIGHT 

2N226 
2N1126 
2 N647 

2NI102 

+12V 

0.001,IF CI5 N 657 
  rjn  Q4 IN74 6 A 2N3642 

411. 47K 

WELDER BATTERY CHARGER—During overnight 

charging of battery used to maintain equal-

amplitude output current pulses for welder, 

circuit senses whether battery voltage is above 
or below required value for load current of 

20K: 

low 

DS2 CHARGE LIGHT 

al 2N685 

Of 2N250 

10V K ADJ 
1.84 R63I 1.8 K 

K.xrpoo 

NO.344 

NO.34 4 

10K> 10K 

07 1N751 

2N3638 

2N3642 

ji D5 IN 4004 

2N3642 

I6K 

1 amp. If low, one-shot timer is actuated, 

to charge battery for preset interval. Voltage 

is then measured again, and charging re-

peated if necessary. If voltage is too high, 

load remains on until battery voltage drops 

REGULATOR FOR PORTABLE CRO—Maintains 

constant 10-v output from 12-v nickel-cad-

mium battery, from external d-c voltages up 

to 35 v, or from 117-v a-c line. Includes 

battery-charging circuit, in which thermistor 

RI senses rise in battery temperature and 

turns off charger when battery is fully charged. 

—O. Svehaug and J. R. Kobbe, Battery-Oper-

ated Transistor Oscilloscope, Electronics, 33:12, p 80-83. 

M2 0-5 V DC 

1N1200A 

1N751A 

R4 25 50W 

IN 3026 

SI 3 

390 2W 

09 2N2015 

2N389 

to point where charger is actuated again.—F. 
T. Marcellino and A. A. Dargis, Circuit Keeps 

Voltage Constant for Welder Battery, Elec-

tronics, 38:21, p 88. 
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RELAY 3 

 4. A  

S4 
 •-•"c-

RELAY 4 

11 5V 
60M 

S, START 

S% STANDBY 

S, STOP 

SS 
-I- - 
BATTERY 
BANK 

11 

W L. 672 

St 

6X 

RE, 

2050 

RE, 

TIMER MOTOR 
5 MIN DELAY 

FIL 
W L 672 

2u12e2:_elw 

11-( 000 ,- 
4-1 

o 0B 

CURRENT ADJUST 
MOTOR 

er-Oer)Q0000 

 11-4 

63V 
FILS 2050S 6%5 

'MOTOR - CONTROLLED 
RHEOSTAT 

CHARGER CONTROL WITH REGULATED D C 

REFERENCE— Eliminates need for separate ref-

erence battery. Control fires thyratron to pull 

in or out and initiate charging cycle when 

battery voltage drops.—V. Zeluff and J. 

Markus, "Electronics Manual for Radio Engi-

neers," McGraw-Hill, N.Y., 1949, p 545. 

D3 

1N2228 

CHARGING CURRENT LIMITER—Series regula-

tor transistor is driven by differential ampli-

ill 
VOLTS 
AC 

TI 
UTC*FTIO 

1117,1? SI 

R3 , 

470: 

-c2 
"1,000ys 

SV126 

CONSTANT-CURRENT BATTERY CHARGER—Thy-

ratron-controlled motor drives phasing control 

rheostat to give fully automatic charging of 

50 2-v storage cells at constant rate of 2 amp. 

—J. Markus and V. Zeluff, "Handbook of In-

dustrial Electronic Control Circuits," McGraw-

Hill, N.Y., 1956, p 150. 

CR3 
GEA4OF 

470H44S 
5W 

250 OHMS 

(5W) 

VOLT 
BATTERY — 

SCR BATTERY-CHARGING REGULATOR—Can 

charge 12-v battery at up to 6-amp rate. 

When battery voltage reaches charged level, 

charging scr shuts off, and trickle charge de-

termined by R4 flows.—"Silicon Controlled 

Rectifier Manual," Third Edition, General Elec-

tric Co., 1964, p 109. 

03 
2N2835 

1e2 

>560 

10 

A 

VO 

<R2 

>1,000 

6 
R L 

fier using npn transistors, to control charging Simple Voltage Regulator Limits Load Current, 

of nickel-cadmium battery.— G. H. P. Kohnke, Electronics, 37:28, p 63. 



CHAPTER 9 

Beacon Circuits 

I2K 
IN  'kehr`e 

75MG INPUT 

El 

03 1 
2N1907 

220 

Ic 100g/hF 

— 22g/a 

C2 

 r' 

AVC 
1N295 
DI 

C4 

0.01 

I 

100 

6.25 MC 

Cm.3 

— 0.01 

22µea 

C6 

R-F 
AUTODYNE 
2N384 

01 

720 720 pF 

TO 
1,080 pF ' 

0.4 
Il 

02 1N1907 
1N1907 

I2V 

L4 

0.33µ14 
Cg 

5 68.75 6gmF 
MC 

XI I 12µ,ti.F 

C, 
le00 pF 

13.5 •  

2,230pf 

6.25 MC 

ANT 

6.8 
µ{iF 

I- F 
AMPL 
2N370 

CIO G II Cl2 
470µgF 0.01 0.01 

 IF------  II • 

AGC 

3-LIGHT SUPERHET MARKER BEACON—Gives immunity to spurious activation of lamps by 

audio output as well as colored-light presen- tv stations.—F. P. Smith, Transistorized Re-

tation in aircraft. Superheterodyne provides ceiver for Marker Beacon Use, Electronics, 

AUDIO 
AMPL 

DE T 2N35 
- IN295 03 

D2 

C 1 g 

- 0.01 

-/VN.A.re  
R IO CI6 

BALLOON TELEMETER AND BEACON—Delivers 

10 w at 1,686 kc into 72 ohms at 60% effi-

ciency. Can also operate at 7 Mc if crystal 
and tank are changed.— F. W. Frykman and 

A. R. Moore, Lightweight Transmitter Provides 

Flight Data and Beacon Signal, Electronics, 

34:32, p 164. 

04 
2N307A 

AUDIO 
FILTER 

3,0001, 

1,300 11, 

2N307A 

2N307A 

c18 
0.01 

AUDIO AMP —I 

68 600n PHONES 

+I3.75VDC 

32:46, p 76-78. 

RI2 
39 

WHITE 

R13 

120 

RI4 

39 

BLUE 

RI6 
39 

AMBER 

—3_ 

Rie 

470K 

76 
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PULSE-CODED 100-WATT BEACON—Push-pull 

power oscillator with transmission-line tank 

gives good frequency stability at 220 to 260 

Mc. Encoder uses capacitor charge and dis-

charge to cut off VI at intervals giving pairs 

of 10-microsec pulses to aid in recovery of 

spacecraft.—J. G. Richter, Redesigning Project 

Mercury Beacons, Electronics, 35:3, p SO-52. 

yi 

+14V 

0.001 

2N9I6 

1N485 

25 

_L _  

1/2 pF 

0.01 39K 

2N508 

0.001 
loe 

'P.  

2N916 

1N485 

R.F. 
AMP 

1N34A 

3.3K 
2N270 AGC 

+14V 

A343 

6.8K LI 5 47) 

10K 
25 

2N1253 

J-

® 1N343 

25  3.5K  

1K 

75 3. 3K 

SOLID-STATE MARKER-BEACON RECEIVER— 

Three colored lamps glow in sequence during 
instrument landing system approach as 75-

Mc receiver passes over three marker beacons 

modulated at 400, 1,300, and 3,000 cps re-

50-OHM 
OUTPUT 

+ 

0.001 i 0.001 1 F1El 
33K 10K 40K -z• 10K 

•—I(--• 

270 270 I 270 

1N485 

2N9I5 

1N485 

2N9I5 

22K 2.2K 

1N4851 I 1N485 

MIXER INTERMEDIATE FREQUENCY 

I. F. 6.25 MC 
R F. 75 MC 
L 0. 68.75 MC 

(K, X 1,000) 

62K a. ?0( 

TO 
AUDIO 
AMPS 

5.6K 

2.2K ...d) 

414V  

15n 2N324 

2N324 

2N324 

spectively. Four-pole Butte worth filter ahead 

of first stage suppresses spurious response to 

77.25-Mc carrier of television chanel 5. Single 

r-f stage isolates separate 68.75-Mc crystal 

controlled oscillator from antenna. Agc oc-

0.001 

2N9I5 

2.2K 68K 

—.25 

1N343 

ti 2N334 

8K — 25 

1N343 

2N334 

1 820 
1.3 KC 

(AMBER) 
+,4V.• 

2.2K 

2N334 

270 

NO.330 
NIL 

2N1038 

NO.330 
AL 

2N1038 

NO.330 

2N1038 

400 CPS 
(BLUE) 

co 

comodates signals from 300 microvolts to 50 

mv.—J. G. Robertson, Light-Airplane Marker-

Beacon Receiver, Electronics, 37:3, p 33-35. 

0.001 
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CODED PULSE INPUTS FROM TAPPED DELAY LINE 
I PARALLEL FORM, POSITIVE POLARITY 

STOP 84 

-I O.' 

-I0V 

5.IK 

•  

I 0.1 

82 DI A4 A2 

0.1 

Ej 5.1K Y 
COIN 

5.1K 

AI START 

.1 1 0.1 

•-A/3̂ — - 10V 
R2 

KILL 5.1)( 
5.1K 

11 

HD2I20 

COINCIDENCE 
BUS 

KILL BUS 

I3M 

0.5m. SEC 

51/1—\_ 

20K 

510pF 

7.5K 

12au7 
v,B 

2201< 20K 

-6 VOLTS 

TRANSMITTING LOOPSTICK 
TUNED TO 456 KC 

THREE-TONE VEHICLE BEACON—Multitone os-

dilator modulates 456-kc carrier with three 

different audio tones whose frequencies are 

determined by plug-in L-C tanks used in par-

allel with unstabilized Bali Transfilter r-f tank 

circuit.—R. Stapelfeldt, Multitone Oscillators— 

New Source of Simultaneous Frequencies, 

Electronics, 36:1, p 86-87. 

7. 0.1 

LEVEL 
500 

150K 

I75V 

V2 
1/2 5670 

DECODE 
PULSE 
OUT 

240 

0.05 

AI 
A2 
A4 
81 
82 
84 

CODE-SELECT VOLTAGES 
FROM BEACON CONTROL eox: 
-10 VOLTS- PULSE EXPECTED 
0 VOLTS- PULSE NOT EXPECTED 

CODE COMPARATOR—Identifies preselected 

code pulse train while rejecting incorrect or 

extraneous signals, to give distinctive marker 
on radar ppi when desired one of ten coded 

video replies is received. Thumbwheel code 

selection switches on beacon control box de-

termine which code is to be recognized.—W. 
L. Woodson, Automatic Beacon Radar Identi-

fies Aircraft, Electronics, 34:6, p 57-61. 

CRYSTAL 
OSCILLATOR 

2N22I8 

5.6 
5001 

50011 11500 5.6 

1-10 

BUFFER 

ti 2N1506 

--- 24 

180 

-30V D- C 

10K 

2N936 

VM SIGNAL 

3K 
(2) 

0.005 
6.8K p.F 

(3) 
2N936 

IN457 

DUTY 
CYCLE 

AUDIO 
OSCILLATOR 

-40V D-C 

1N457 

66 
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75- MC FILTER 

IN 

4.72 MC CONV 

.72 MC 
-0  
+27.5V 

12 

18 
K 02 

2N247 

I-F AMPL 

2N270 

12 13 

MIXER 

14 
r 

iDi 33µ,‘F 

520 KC FILTER 

Tg 110 Ti 

451 (--""- 270µµF 

6.8K 4. +275V 
e3.9 K 

+27.5V 
41K  

AGC 

4.2 MC FILTER LOCAL OSC 

03 
2N2 47 

R41 R7 
5 6 5.6K 

R3 15 
0 K 

 REMOTE 
SENSITIVITY 

1.2 K T12 CONTROL 

I5K 

02 
11601 

1 - F AMPL 
15K 47K 
OR 1130K 

2N04247 
+27.V 5.6 

5. K 15 
R9 
100K 10K 

DET AUDIO AMPL INDICATOR- LIGHT SWITCHES 

03 
2N269 

  560 

2 N270 

390 
AUDIO AM PL 

3 9K +27.5V 

SI 

1-LIGHT AIRBORNE MARKER BEACON-Dual-

conversion 75-Mc receiver has high first i-f 

for good image rejection and lower second 

i-f for stable gain. Responds to any of three 

modulating frequencies (3,000 cps airways, 

400-cps outer runway, and 1,300-cps middle 

runway).-R. G. Erdmann, Transistor Dual 

Conversion for Marker-Beacon Receivers, Elec-

tronics, 32:19, p 59-61. 

2N269 

15 

20 
µµF 

15.Mi 
47K 
+27.5V 

TI3  

0.01 
12 K 
8.2K 

+27.5V 

Ou 
5.6K 2N270 

INDICATOR 

sLIGHT 

2N270 
10 QI 2 

AUDIO 

3.3K 

- 2V 
ON - OFF MOO 

POWER 
SUPPLY 

1N315 

IN4889 

t315 

- I5K 

  47K 

27-4-, 247_15 

2V 1  •  

8.3MC 

OSC T T 
2N248.1 

-CL404 

IN488A 

-e 
500KC 

TOO  
75 

DRIVER 
IU4 

_L84   

POWER 
OUPuT 

12905 oT 

SOS ON TWO FREQUENCIES-Transistors and 

tubes are combined for maximum power effi-

ciency at 5-w output. Operates on 500-kc 

and 8.326-Mc distress frequencies. Code-

wheel-operated photoelectric flip-flop auto-

matically switches bands and keys transmitter 

in SOS code.-H. B. Weisbecker, Distress Trans-

mitter is Hybrid, Electronics, 31:31, p 98-100. 

PREAMPLIFIER 

2NI506 

-= 24 

5001 

100 

2N222I 

270K 

2N936 

IN457 

0.44 F 180K 

AUDIO 
AMPLIFIER 

36 

500 

MICROPHONE 

POWER 
AMPLIFIER 

680 

2NI506 

100 

680 

2NI506 _1-

1-10-= 1-10 

2N1506 

680 

5.6 

2K 

PC- I34 

SOS BEACON-Gives 4 w output in 100-140 

Mc or 220-260 Mc ranges. Uses class-C Hart-

ley oscillator with crystal in feedback loop. 

Range is 100 miles for voice input and 200 

5.E 

8.2K 

TRIPLER 

TO FILTER 

1-10 

miles for 1,000-cps tone of astable mvbr.-
S. D. Czerwinski and F. S. Linn, Tiny Solid-

State Transmitter May Save Your life, Elec-

tronics, 35:48, p 90-91. 

NOTES: 

I. ALL CAPACITORS IN pF UNLESS SHOWN 

2. ALL RFC'S IN » Hys UNLESS SHOWN 

3. TRANSFORMERS AND INDUCTANCES WOUND TO SPERRY DRAWINGS K.X 1,000 
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4,7K 15 2N270 

IN 

4.!K 

4.7K 

+ 27.5 V 

0.068 0.033 

 -fl  

— 0.22 
0.033 

+27.5V 

0.015 

60 

10K 
INI98 

 /4  

0.068 1N198 

220 

2N269 

10 

60 e4.7K 

K 

PS53I 
>i  

3.9K 

I.33H 1.33 H 

• 0.15 

3.9K 

2N269 

I K 

2N269 

5.6K 

2N269 

27 

KY.1,000 P , A 82 0E ? ERMINE THE NUMBER OF PULSES IN A GROUP.   

THERMISTER IS 7011 AT + 50°C, 10011 AT + 25°C 
AND 100011 AT - 40°C  

r 

LE ADS 

-T-

2.6 V 

PULSE 
INPUT 
V— 

Ci 

0000012 

+270 

3 9K 

1 

2N538A BLOCKING OSO 

RI 

2 -511 2 
0-50.1 2 

R3 C3 

27-47K 

RB R6 R5 R7 120 
5.6K < 22K 33K 2.7K 

2N369 

2N 327A 

84 
56K 

100-- — 
200.F 

PULSE 
TRANSFORMER 

FILAMENT SWITCHING CIRCUIT 

2NI23 

03 

2NI23 

(+18v) 

1,-•10V) 

D, „,, T 0 25 

R7 

110K 

02 
2NI23 

2 N53BA 

33K 400 CPS 

1,300 CPS 
2N270   

3,000 CPS 
2N270   

5.6K 

2N270 

PS53I 

ANT 

' 1 
1 RFC 

_ _ J L 

C5 
0.02 

200 

-1- 270 —• 

C2 

1-10F 

COUPLIN; 
LOOP 

TRANS-
MITTER 

5971 

73,H 

83 
410K 

PFN 
IµSEC 

50 OHMS 

•  
03 

IN488 

GATED- DIODE BEACON MODULATOR- Re- triode in beacon transmitter. Maximum pulse 

places hydrogen-thyratron line- pulsing modu- rate is 5,000 pps.-W. H. Lob, Solid-State 

lators formerly used to plate- pulse pencil Pulse Modulator, Electronics, 33.30, p 72-74. 

3-LIGHT MARKER-BEACON ADAPTER-Sepa-

rates the three marker beacon modulating 

frequencies and converts them to voltages 

for operating three color-coded lights in air-

craft. When added to one-light receiver, 

adapter requires only two more electronic 
switches, in addition to loss amplifier and 

filters.- R. G. Erdmann, Transistor Dual Con-

version for Marker-Beacon Receivers, Elec-

tronics, 32-19, p 59-61. 

CRASH-RESISTANT BEACON-Designed to with-

stand shocks up to 1,100 g and extreme en-

vironments, 5.7-1b beacon is thrown free of 

crashing aircraft and automatically starts 

transmitting pulse-modulated 243-Mc distress 

signal.- D. M. Makow, Radio Beacon Helps 

Locate Aircraft Crashes, Electronics, 33:4, p 

54-56. 

100K 

SIGNAL-POWERED TRANSPONDER-Power re-

ceived at frequency of tuned antenna circuit 

energizes crystal transistor stage, to make it 

oscillate at a different frequency. Can be 

used in aircraft or vehicle to make it radiate 

position-determining signal when interrogated 

by powerful transmitter at base station.- L. 

R. Crump, Radio Waves Power Transistor Cir-

cuits, Electronics, 31.19, p 63-65. 



CHAPTER 10 

Bridge Circuits 

OUTPUT 

_LF 
8. 4 V =.«. 8 4 V 

TEXAS 
INSTRUMENTS 

H-61/>, 

500 K 

PULSE HEIGHT DETECTOR—Photodiode held 

against screen of scope unbalances bridge 

when illuminated by pulse on screen. Bridge 

output can control another scope for display-

ing and measuring pulses whore omplitucle 

and period vary randomly.— I. Baird, Pulse 

Frequency Measured by Photoconductor and 

Scopes, Electronics, 38:13, p 77. 

0.22 

at.02 — 2N2386 

03, 04, 05 — 2N1396 

PHASE-DIFFERENCE BRIDGE— Develops d-c er-

ror voltage proportional to phase difference 

between two applied signals, one of which 

is 60-cps line-frequency reference. Can also 

DRAIN-COUPLED ADDER—Gives gain of 1,400 

for null detector of 400-cps impedance bridge, 

with measuring accuracy of one part per mil-

lion.—W. A. Rhinehart and L. Mourlam, FET 

Performs Well in Balancing Act, Electronics, 

38:19, p 88-92. 

correct oscillator outputs and serve as pulse-

width discriminator.— D. P. Dorsey, Transistor 

Bridge Detector, EEE, 13:1, p 75. 

 o 
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1 V 

0.1 

2N2219 OR 
2N21, 

240 
TO 130 

<215 K 

L 1.96K 
• VI, 

¡ 16.2 K 

DIODE SAMPLING BRIDGE— Uses diode 

matched quad with blocking-oscillator driving 

circuit. Negative input pulse triggers oscilla-

tor, generating pulse about 100 nsec wide, 

to forward-bias bridge diodes and reduce im-

pedance between terminals 1 and 2 to about 

5 ohms. Between pulses, diodes are reverse-

biased by capacitor charge and impedance 

between terminals rises to 1,000 meg.—"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 450. 

0.22 

o I( 

100 

1 Ali 

TRIGGER 
INPUT o  

330 P1 

TI 

1.78 

OuT 

DIFFERENTIAL-BOOTSTRAP AMPLIFIER WITH 

BRIDGE FEEDBACK— Uses bridge feedback to 

give bandwidth of 30 to 300 kc with 40 db 

gain, for handling group of telephone chan-

nels as baseband amplifier.— N. A. Zellmer, 

Getting the Most Out of Feedback, Electron-

ics, 39:2, p 66-72. 

+I5V 0.1 

2200 

*MATCHED QUAD SUCH 
AS GE IN4307 OR 
GE I2X235 

IN 3605 

6.2V 
1N709 

33011 
'vVç  

IN 3605 

G.E. I 
2N9I4 

  0.22 

IN3605T 

 o 2 

TI FERROXCUBE 2667188 
TOROID WITH 5 TURNS 
ON EACH WINDING OR 
OTHER PULSE 
TRANSFORMER 

100 

250 

50K 

10K 

6.5V 

4.4V 

514 

ED 
250 _L 

2.2 V 

1.3 V 

5K 

o 

3.3K 

100 

6.814 

11V 

51 

loo 

100 

4.7K 

16 V 

24 V 

CASCODE ADDER—Gives gain of 600 when 

used as null detector of 400-cps impedance 

bridge, with measuring accuracy of one part 

per million.—W. A. Rhinehart and L. Mourlam, 

FET Performs Well in Balancing Act, Electron-

ics, 38:19, p 88-92. 

— 0.02 

(  

20K 

0.01 

40K 

I 
0.01 

 W.•  
40K 

6.814 

0.22 

I 

TRANSISTORS - 2N2386 
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R 1=100 OHM 

10 TURNS 

E= V 
REGULATED 
SUPPLY _ 

OPTOELECTRONIC BRIDGE ELEMENT—Lamp 

with rheostat varies resistance of photocell 

over range of 100 to 10,000 ohms to give 

stable nonreactive resistance element for r-f 

+ 25mA PULSE SERIES 3000 MODULE 

SCR CONTROL— Firing angle and trigger level 

are controlled by magnetoresistor bridge.— R. 

IN 

R2 

VACTEK 
VT 30 L 
PHOTO— 
CONDUCTOR 

bridge.— R. H. Wagner, Variable R-F Resistor 

Attained With Photocell, Electronics, 37.26, 

p 67. 

A- C 
INPUT 
POWER 

- ELECTRICAL 
ISOLATION 

M. Gitlin, Magnetoresistors Isolate Load From 

Control Circuit, Electronics, 38:3, p 54-59. 

2.IK 

RESET 
FLIP-FLOP 

03 

 VN/N.  

2.7K 

2.7K 

SWITCH 
PULSES 

TRANSISTOR BRIDGE SWITCHES MICROVOLT 

SIGNALS— Circuit approaches infinite imped-

ance during off condition by lowering emit-

ter-to-collector conductance gap to zero 

Conventional reset flip-flop controls on and 

2.7K 

6 V 

0.4V 

OUT 

= 6V 

 T-

off operation of series-connected npn and 

pnp bridge transistors.—M. V. Kalfaian, Tran-
sistor Bridge Switches Microvolts, Electronics, 

37:1, p 60. 

110V 
A— C 

TO SERVO AMPL 

1 

LOAD CELL N X 1,000 

SELF-BALANCING TORQUE INDICATOR—Uses 

shunt bridge balancing technique. Amplifier 

and servo motor that drive 50-ohm balanc-

ing pot RB are standard commercial units. 

Highly stable power supply and reference 

voltage are not needed.—C. H. Haakana, 

Shunt Bridge Balancing in Strain-Gage Indi-

cators, Electronics, 32.30, p 50-51. 

CRYSTAL 
IMPEDANCE 
METER OR 

SERIES - MODE 
OSCILLATOR 

L C, R, 

---rr> )?0  
EQUIVALENT 

C, R2 CIRCUIT OF 
1.5-12 CRYSTAL 
p,uF R. 1.5-12 2,200   

50 ,,44,/F 0,001—C4 

IN48 0 
0.001 ----c5= 

50 

\ VHF 
RHEOSTAT 

C3 R3 ZERO -CENTER 
AuF _ la NULL- INDICATING 

METER 

CRYSTAL-PARAMETER BRIDGE— Bridge plugs 

into crystal socket of standard crystal imped-

ance meter, and crystal under test plugs into 

bridge. Only other instruments needed for 

measuring equivalent parameters of overtone 

crystals for 75 to 200 Mc are frequency meter 

and null-indicating meter.— D. W. Robertson, 

Plug-in Bridge Checks VHF Quartz Crystals, 

Electronics, 31:19, p 82-85. 

: 3.3K 

D-C LEVEL SHIFTER Bridge R1r)5P21,6 and 

two transistors in d-c negative-feedback loop 

deliver output signal that is replica of input 

but at lower impedance and shifted in d-c 

voltage level a predetermined amount.—.I. 

Willis, High Precision D-C Level Shifter Re-

duces Output Impedance, Eleciroroks, 36.18, 

p 65-68. 
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1,000 OHM 
FLUX- CONTROLLED 
MAGNETO-
RESISTORS 

INPUT 
CURRENT 

TRIGGER 
PULSES 
25 mA 

(4- OR-) 

4700' 

0.6V P- P 
5KC 

TRANS-
DUCER 

BIAS 
VOLTAGE 
SOURCE 

-= 

426/ 

1005 

BRIDGE 
INPUT EXCITATION 
VOLTAGE 
24 VOLTS ( 4- OR -) 

- 

I SERIES 3000 
 _MODULE 

100K 

• 

2N338 
02 

10K 

BALANCING 

N7; 

POTENTIOMETER 

R2 

1,000 

I I 
TRIAD 
*SP67 

OSCILLATOR 
CONTROL BRIDGE 

1 VOLT 

OUTPUT 
VOLTAGE 
(+ OR -, SEE 
TABLE OF 
WAVESHAPES) 

600pf 

INPUT PULSE UNBALANCES BRIDGE-Trigger 

pulse causes opposite resistance variations in 

magnetoresistors M1 and M2, to give 1 y 

output for 25-ma pulse current.-R. M. Gitlin, 

Magnetoresistors Isolate Load From Control 

Circuit, Electronics, 38:3, p 60-61. 

-S 25Y 

D-C 
SAMPLED 
OUTPUT 

O., IMEMORY 
CAPACITOR 

PULSE CLAMP-Clamps pulses in millivolt range 

to any d-c level even though pulses are below 

barrier potentials. Also used for sampling 

pulse amplitudes and for storing sampled 

amplitude in memory capacitor.-A. J. Koll, 

E. Bleckner, and O. C. Srygley, Semiconductor 

Clamp Handles Millivolt Signals, Electronics, 

33:35, p 64-65. 

R6:,25K.G 

E IN 

R 350n RI. 350.(1. 

R Cc, 8200pF 

E b 

SUMMER 

222g 

R5.164n 

R3. 400n 

EouT 

3. 25Ka 

OSCILLATOR 

—•• TO DATA 

LOGGING 
EQUIPMENT 

FET BRIDGE ARM 

Q1. SILICONIX 

2N2386 

R2 FENWAL 4tKB2IJI THERMISTOR 

TRANSDUCER VOLTAGE-RESISTANCE CON- ment converts transducer in effect to variable Transducer for Use in A-C Bridge, Electronics, 

VERTER-D-c voltage output of transducer is resistor, simplifying measurement of many pa- 39:3, p 84-85. 

converted to a-c voltage by fet in one leg of rameters in data acquisition system.-A. R. 

bridge that controls f-m oscillator. Arrange- Greenfield and W. H. McCloskey, FET Converts 



CHAPTER 11 

Capacitance Control Circuits 

LAMP 

BULB 

1.13M 
 AAA 

NE-2H 

ON ANT. 

0.001 

0.001 

100pF 

5.6K 

,H11  

0.001 

115 V A-C 

OFF 
ANT. 

TS 1590 220K 

[A-0.03 

120K 

0.001 

)1  

33K 

170 

TSI590 

TS1590 

0.001 

>>. 220K 

II 

25pF 

0.33 

220K 

NE- 2H 

0.001-

2.2M 

TOUCH-CONTROLLED SWITCH—Normal 30 to cillator voltage below level required for firing ing on lamp. Touching off antenna reverses 
100-pf capacitance of human body turns lamp four-layer pnpn germanium alloy transistor, all conditions.--5. B. Gray, Home and Auto 

on and off. Touching on antenna loads high- and current that was shunted to ground Controls, Electronics, 36:19, p 52-66. 
impedance network, reducing neon-lamp os- through transistor now operates relay, turn-

85 
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TANA uNIT 

I 15 V 
4co cPs 

,D4400, 

CAPACITANCE-TYPE AIRCRAFT FUEL GAGE— 

Indicates weight of fuel rather than volume. 

Uses self-balancing bridge, with concentric-

tube capacitor mounted vertically in cell of 

tank to serve as one arm. With fuel in tank, 

servo drives bridge-rebalance potentiometer 

OSCILLATORS 

606CE 

270K 

5.000,,F 100,,F 

MOTOR 
CONPENSATION 
DRIVE 

6V6GT 

and indicator to new position corresponding 

to amount of fuel in tank.— J. Markus and V. 

ZelufF, "Handbook of Industrial Electronic 

Control Circuits," McGraw-Hill, N.Y., 1956, p 

21. 

SELECTIVE AMR, 

MIXER 

6SAIST .50 

1.000 
»mr 

001,, f 

420V 

COMPENSATION 
THY R AT RONS 

OR LOW 
2050 

210K 

01 

270It 
2051 K • 01.000 

2051 OR 2050 OR 
  2050 

300K 

BALANCED-CAPACITANCE FENCE ALARM— 

Sets off alarm when anyone approaches 

barbed wire fence around power plant or 

substation. Automatically corrects for capaci-

tance changes due to weed growth and 

HIGH 

AMP 

+351/ 

+25V 

0 
65.11 

220 

2 2 NEG 070K 1NEC 

+325V 

LOW- 470A 
CURRENT 
RELAY AND 
METERING 6417 
CIRCUIT 

LOW- ALARM 
DROP OUT 
RELAY 
(ADVANCE TYPE 0500-C. 
5.000 OHM) 

changing weather conditions. Two separate 

antennas and two oscillators are used, with 

lines along fence serving as part of tuning 

capacitance of each oscillator. Mixer pro-

duces beats between harmonics. Frequency-

C2 

A.C. 

INPUT 

1 

GROUNDED SIC* OF LINE 

SENSOR PLATE ex es 1/16" CU. 

gI 5pF 

GE 
NE-83 

LOAD 

SCR 
GEC713 

PROXIMITY SWITCH—Sensor plate and C2 

form capacitive voltage divider across a-c 

supply. Value of C2 depends on proximity to 

sensor plate of human body, grounded object, 

or other reasonably conductive object. When 

voltage across CI exceeds breakdown of 

neon, Cl and C2 discharge through scr gate, 

causing scr to trigger and energize load. 

Latching action is obtained by driving scr an-

ode circuit with d-c, for such applications as 

elevator floor selector buttons and door safe-

ty controls.—"Silicon Controlled Rectifier Man-

ual," Third Edition, General Electric Co., 1964, 

p 122. 

CONTROL 
PHONE 

RECTIFIERS 226111 JACA 

001 -L---71'1 
6H6 646 

1 -001 1 001 001 

10K 5K IOW 5K 
COMPENSATION 
ADJUSTMENTS 

01 01 

(— *-7-3 I  HIGH-
CURRENT 
ALARM 
THYRATRON 

001 PGA 

2051 
OR 
2050 

.71f..17- 7 —N; 

115V A-C 

10 411181 

6N7 NIAS 

HIGH ATAR 
PLUG-IN 
RELAY 
(ADVANCE TOPE 1501; 
II5V A- C) 

5k 
ALARM 

selective network in low a-f range produces 

d-c voltages that trigger relay tubes and ac-

tuate alarm relays.— J. Markus, "Handbook of 

Electronic Control Circuits," McGraw-Hill, N.Y., 

1959, p 1. 
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5Y3 OR 5Y4 20 H 

+300V 
RFC 

CONTROLLING EXTRUSION OF PLASTIC ON 

WIRE—Uses sensing probe as one arm of ca-

pacitance bridge that is normally balanced 

with respect to 10-kc phase- shift oscillator 

signal. Oscillator output is computed with 

bridge unbalance in mixer that determines 

directional error. Output of mixer is amplified 

to control servo-driven rheostat which in turn 

110 

OSCILLATOR 
6 C 5 

II 6 3 V 

SP T- 3 
HALLDORSON 

CAPACITANCE TRANSDUCER FOR 30,000-RPM 
TACHOMETER— R-f oscillator is adjusted to 

oscillate feebly anywhere between 500 and 

2,000 kc. When pickup capacitance increases, 

it shunts oscillator feedback circuit more, re-

ducing its r-f output voltage. Resulting drop 

in a-c component of rectified r-f carrier is 

ANEROID I 
CAPSULE ¡ 

I 
361.4,F 

- - - 

20 
PH 

25 
1 ye 

00613 RFC 

CLAPP 

OSCILLATOR 

re 
—000131, 

1 MEG 

' 0,H01  EtFd b1121, IOR tOt 

+250V TO SERVO ARP. SERVO NO OR RTC 
& VARIAR E- SPEED DRIVE 
FOR CAPSTAN MIXER 

controls speed at which wire is pulled, to hold 

capacitance within desired limits. Sensing 

electrode is water trough, with water in con-

tact with extruded insulation to form one side 

of unknown copricitor. Wire is grounded to 

form other side.- J. Markus and V. Zeluff, 

"Handbook of Industrial Electronic Control 

Circuits," Mc-Graw-Hill, N.Y., 1956, p 18. 

8 
.5 MA 
1 MEG 

0.00005 
BUD LC 2079 

IMPELLER PICKUP 

5 MEG 

100 
RRE 

*150V 
REGULATED 

ANEROID-DRIVEN CAPACITOR—Datum stabi-

lizer for radar-altimeter surveying uses oscil-

lator to produce output current proportional 

to change in altitude. Resonant frequency of 

25,000 

005 

_C-11 
O LIT T UT 

16 

amplified to drive tachometer or frequency 

meter. Pickup is mounted close to moving 

blades on shaft whose speed is being meas-

ured.— J. Markus and V. Zeluff, "Handbook 

of Industrial Electronic Control Circuits," 

McGraw-Hill, N.Y., 1956, p 17. 

BUFFER 
AMP 

0003 

6AG7 

RFC I 
I 

25 I 
ppFi 

L 

-220 

TO.1 

+300V 

DISCRIM-

IN ATOR 

i6H6 0 1 MEG 

TO CONTAINERS 

MONITORING ENAMEL THICKNESS ON WIRE— 

Wire is run through mercury-filled vessel. 

Bridge output goes to pair of mixer tubes 

(6AJ8 is U.S. equivalent) whose plate circuits 

form d-c vtvm, with milliammeter indicating 

amount of bridge unbalance. Bridge is formed 

by connecting mercury vessel, grounded wire, 

fixed capacitor, and variable capacitor to sec-

ondary coil of differential transformer.—Mon-

itor Wire Enamel by Capacitance Bridge, 

Electronics, 33:44, p 92-97. 

INTRUSION ALARM—Circuit stops oscillating 

when intruder approaches antenna surround-

ing area being protected. Uses weak oscil-

lator with relay tube that is biased to cutoff 

by some of oscillator output. Additional ca-

pacitance caused by intruder stops oscillator, 

removing bias and making tube conduct and 

actuate relay to sound alarm.—J. Markus and 

V. Zeluff, "Handbook of Industrial Electronic 

Control Circuits,"McGraw-Hill, N.Y.,1956, p 19. 

- -4 - -1 
75tH 

5014,T 1GH6 

0- C 

AMPLIFIER 

0003 

- 

01 05 
MEG MEG 

100 

..000 
high-stability 3.5-Mc oscillator is varied by rent variations proportional to changes in 

small capacitor plate driven by three-elemeat height.— J. Markus and V. Zeluff, "Handbook 

aneroid. • Discriminator and d-c amplifier of Industrial Electronic Control Circuits," 

transform resulting frequency changes to cur- McGraw-Hill, N.Y., 1956, p 23. 

20p4 1NT 

0.33 EXT 
MEG 

1,500 

15,000 ESTO  

TO 

RECORDER 

i00 
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BODY-CAPACITANCE ALARM—Detects intruder 

by sensing body capacitance. Oscillator QI 

feeds 20 kc to capacitance bridge that con-

tains Cl, which is capacitance to ground of 

protected cabinet. When unbalanced, bridge 

feeds 20-kc signal to amplifier Q2, whose 

VAR 
TAMER '. 30, 
CAPACITOR 
amok) 40 

MEWL CAIN_ _ 
CAPACITANCE ' 30V 

°es cgsmox 11' 

- •125V .30V 

-I 25V 

T•OSCAU.A1011 TRANSFORMER 
11E15521ER 14-1014 

1.11.000 

SENSING CANE FOR BLIND—Capacitance-

sensing probe in tip of cane changes fre-

quency of one oscillator in accordance with 

distance from ground, curb, or holes, to make 

beat-frequency oscillator produce audio tone 

in headset worn by blind person.—J. Markus 

and V. Zeluff, "Handbook of Industrial Elec-

tronic Control Circuits," McGraw-Hill, N.Y., 

1956, p 24. 

INPUT 
TERMINALS 

15K 

10K R 
Cg 

0.01 500 
pF 

output goes to phase-sensitive detector DI-
D2, which converts unbalance signal into d-c 

voltage for amplification by 03. At balance, 

04 and 05 send about 1 ma through relay 
K1 to keep it energized. When intruder ap-

proaches protected cabinet, output of phase-

AK TURN 

CALIBRATION 
PRE ADJUST 

R2 
C6 C7 2.2K 

2,000 2,000 

12 

T
O
 
M
O
N
I
T
O
R
 

sensitive detector becomes more negative, 

causing la to drop out and sound an alarm. 

—S. M. Bagno, Sensitive Capacitance Intruder 

Alarm, Electronics, 33:38, p 65-67. 

IN-CIRCUIT CAPACITOR TESTER—Permits 

checking capacitors dynamically for opens or 

shorts without disconnecting them. Indicator 
light is turned on for both faults.— E. L. Major, 

In-Circuit Capacitor Tester, EEE, 13:3, p 47. 

CAPACITANCE 
ADJUST 

02 
2N2727 

910 

R2 
200 

-1.9V 5M A 

10,E1F 
150V 

 I(  
1.0.uF 
150V 

I( 
0.10,uF 
150V 

04 
153-14 
WESTINGHOUSE 

SUPPLY" 
VOLTAGE. 
115V D-C 
600 M A 

200 
100 W 

CAPACITANCE 
MULTIPLIER 
o   

x10 

 cf 

x0.1 

ELECTRONIC CAPACITOR—Two-terminal circuit 

provides capacitance values from 0.1 to 100 

mfd, continuously variable in three ranges. 

Voltage rating is + 10 y and frequency range 

is d-c to 45 cps. Used in low-pass RC filter 

with adjustable cutoff frequency, in waveform 

analyzer.—D. L. Bergman, Electronic Capaci-

tor is Continuously Variable, Electronics, 38: 

21, p 89. 



CHAPTER 12 

Cathode Ray Circuits 

TIME 
BASE 
IN 

10 K 10.02 

VARIABLE 
D-C LEVEL 

CRO LEVEL-CONTROLLED STROBE—Variable 

input level determines part of telemetry sig-

nal that is selected for cathode-ray display. 

Output of Schmitt trigger Q2-03 is square 

wave with repetition rate determined by time-

680.9 

VIDEO 
INPUT A 

VIDEO 
INPUT 

O 

RI 
90.9 

R1 

90.9 

8V 

R3 

680.9 

C2 

220pF 

U BV T ive.(1, 

INPUT R9 
CONTROL 6.8K 
SIGNAL —8V 

TWO-SIGNAL DISPLAY—Electronic switch sam-
ples two video signals and modulates crt 

beam so both waveforms appear simultane-

§6.2 M 

V 

0.001 

OUTPUT TO 
CATH POLL 

VIDEO IN 

INTENSITY 
PULSE 

+ 24V 

+ 30V 

base frequency, and mark-space ratio con-

trolled by variable d-c level input.—A. D. 

Runnalis, Bluebird Racer's Telemetry System, 

Electronics, 33:44, p 70-72. 

+8V 04 
FD100 

RIO 
470 

04 
2N697 D 11 

22 

FA 
2005 

R10 

47 

r\DI 

N.4 

R13 

15K 

1D2 

—8V 

10K + 30V 101( 

Q, 

903 (7) 

/COMMUTATOR 
1. SWITCH 

K. X 1,000 

1N257 

IN257 TRIG 
OUT 

CRO SWEEP TRIGGER—Base of Q1 is ground-

ed once during each revolution by commuta-

tor segment of gyro balancer, to make circuit 

produce sharp pulse that triggers oscilloscope 
sweep.— F. W. Kear, Electronic System for 

Balancing Gyro Wheels, Electronics, 33:43, p 

82-85. 

I 2.7K 

R7 

330 
.t R6 
¡ 820 

ously on screen. Matched diodes Dl and D2 

serve as switches for the positive 2-v video 
signals.—A. E. Popodi, Reliable Repertoire Of 

05 

2N697 

Cf 

220 pF 

F -41•0•01  

+8V 
R15 

470 

R14 
470 
VW— + 8V 

+8V 

) 3 

2N697 

Re 

820 

OUTPUT 

—8V 

Display Circuits, Electronics, 38:2, p 60-66. 
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-12 70 - 17V 0-C 

0.1 

2N1008 

dampers, must be matched fo voltage divi-

sion.—R. S. Hartz and R. C. Allen, Reliable 

Circuit Supplies High Peak Deflection Voltages, 

Electronics, 35:41, p 54-55. 

2.2 
121 2N1073B 

DEFLECTING 22-INCH CRT AT 50 KC—Circuit 

provides 5-amp peak-to-peak yoke current 

for full 70° deflection of analog computer dis-

play. Rapid collector turnoff minimizes retrace 
time. Two B-211 diodes, series-connected as 

10V 
REG 

I 

3.3M 

2M 

2N250 I.25V 
FEEDBACK 

PRIM-
ARY 

FOCUS 

5642 Tc! 
o 

ISOLATION 
SHIELD 

HOP DEFL 
PLATE 

- SHIELDS 

-I0V 

INTENSITY 100K 

470K 

33K 

-720V 

0.01 

+3300 V 

T32I 

HEL-
ICAL 
DAG 

6.3 V 
AC 

+45V 

GEOM 
ADJ 

-45V 
PULSE 
FROM 
UNBLANK-
ING AMPL 

(Z AXIS) 
CRT 
GRID 

K ' X 1,000 

HIGH VOLTAGE FOR PORTABLE CRO—Derives 

3.3 kv for post-accelerating anode from 20-

kc high-voltage oscillator supply.-0. Svehaug 

and J. R. Kobbe, Battery-Operated Transistor 

Oscilloscope, Electronics, 33:12, p 80-83. 

20E 
BK BK 
1% 1% 

-90V +90,1 
AXIS- CROSSING LEVEL -90V 

0001 
 11  
6.3V A-C LINE g CALIBRATE 

4-

 NOISE / 
i„, INPLIT 
1 OPERATE 

DC A 

SCOPE 
SYNC - 2 

1 0.005 

OFF Ve 
EASE, 

_ 5w- 1B 

20E 

4150V 

K V9 

5 6 817 

RESET 
TO COUNTER 

-150V 

MANUAL 
RESET 

100K 

4300v 

18K 

50K 

SYMMETRy 

18K   

11N4E15 

o 

o 
o 

SLOPE • v3 
SELECTOR 6A96 

OFF 20K 

o 

-150V 

V6A 
7'5687 1,48,1 

erg 100E 

NE2 
GATE 
F-F 500K 

o 

A8 CO 4150V 

SIR 100K ISO 
r o"---w-4150V 

100K WIN485 

4.7E 4.7K 

1SEC 2µSEC 

56 F > 56 

150K 150K 

100 

, v68 
, 56117 
2 

9150 V 
330 

0.4eSEC 

5687 --- 

50K., 

-150V 

5687 1 0.005 

+150V 

o  
COUNTER 

PRINT 
COMMAND 

1N485 

114 

SCOPE 
OUTPUT 

210K 
1.04, 

620K 

-300V 

PRINTING 
INTERVAL 

PR NIER 

K 4150V 4.7K 

150K P 150E 

194485 

V7 
5687 / 150K, 

-15011 

150K 
• RESET 

500K F-F 

71E2 

E 

i620E +150V 

150K 

Ve 
5687 

- 300v 

5F 

150K 

50K 

0.005 
10K 

II SCOPE SYNC- I 

-150V NE2 

270K 

100K 

0.1T 

INPUT CLOCK I 
PULSES 

+150V 

20K 

0.001 
V9 

6AS6 

620K 15485 

-300V - 

V108 4.5687 
OUT 
TO 
COUNTER 

100K 

101( 

51K 100K 
V 

100K 
500K 

VIOA ') 11,,INITIATE 

0.05 P687  INPUT -  

E INITIATE F-F 

T.0.05 

1 

AXIS-CROSSING DETECTOR—Used in weak-

signal detectors and in theoretical studies of 

noise. Samples time intervals between posi-

tive-going and negative-going zero crossings, 

to establish an interval gate whose width Axis-Crossing Intervals, Electronics, 33:23, p 
equals time interval of desired weak signal. 

Output goes to cro for viewing of interval 

gate.—A. J. Rainai, Digital Measurement of 
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AMPLIFIER 
VIA 

1/2 I2AT 7 

R- F 
INPUT / c 

10.01 
R2 
IK 

022 
2N404 

1K 

DATA IN 

0 19 
2N404 

DATA 
GAIN 

ADDRESS IN 

10K 

20K 

SYNC IN 

R4 
3.6K 

C73 1 
0.00151 

c5I 0.1 
2.5MH 

L1 J9T 

8-I4MC 

C2 
100pF 

I2-22MC 

L3 
2.5MM 

DETECTOR V1B 
1/2 12AT7 

1.4 
6- 50 pF 

R3 
47K 

C6 
250pF 

+I50V 

PULSE 
OUTPU1 

L  

1N658 

2K 

25K 

Li AND L2 ARE t AND W 3015 MINIDUCTOR 

1 

06 
2N697 

ONE SHOT 

r INTEGRATOR1 

013 
2N697 

HORIZ 
3K CENTERING 

Z-AXIS MARKER GENERATOR-Circuit provides 

high-intensity dot marker on trace at any de-

sired frequency in range from 8 to 22 Mc, in 

two overlapping ranges, with better than 1% 

long-term accuracy. Z-axis pulse is generated 

when external swept r-f oscillator passes 

through frequency to which tank circuit is 

tuned.-D. J. Odorizzi, Z-Axis Marker Gener-

ator for Bandpass Circuit Alignment, Electron-

ics, 33:26, p 108-110. 

"WHITE" 
SCHMITT EMITTER HORIZ 
TRIGGER-1 I- FOLLOWER -1 rRETRACE1 

+12 07 08 09 010 0 41 014 
2N697 2N697 2N697 2N697 2N404 2N697 

14  200pF 8K 
8.2K 2K 

1N658 

200 PF 

 I( • 

500pF 

BLANKING i SYNC DELAY COUNTER 

020 021 012 016 0 17 G18 
2N697 2N404 2N404 2N697 2N1132 2N491 

TO + 12V 

ADDRESS 
GAIN 

• 1N658 

39K r 1N1313 

82K 18K 3.9K 

0.001 
/ I NEO 

o ire 

2g POS 

30 DELAY 0.001 

SYNC 
01 DELAY 

1N658 
11\1658 

_ _ 
r- S vV E E P HOLD FLIP- FLOP-1 

500pF 

2N697 

1N658 
t4t  

IN 658 

0.01 

TRIP 
POINT 

  8.2K 

  TO 
12 V 200 pF 

1H - * HE-
500FF 

2N697 

10K 10K 001 20K 20K /1N658 

RASTER DISPLAY-Sixteen digital words can Sweep generators are controlled by two-bit 

be displayed simultaneously on ordinary gap between words.-B. S. White, Circuit Con-

scope, for troubleshooting in data processors. verts One-Trace Scopes to Raster Display, 

200 PF 

8.2K 

58 

RESET 

12 

Electronics, 36:48, p 33-35. 

1N1313 

z1N658 

HORIZ 
rRAMPi 

+45 01 
2N1132 

VERTICAL 
STAIRCASE 

02 0 15 
2N404 2N697 

2C 11\1658 

HORIZ 
SLOPE 

HORIZ 
SWEEP 
OUT 

C2 
0.047 

TO 12V 

03 

2N697 

INFO 
OUT 

VERT 
SWEEP 
OUT 
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FOCUS-COIL REGULATOR—Regulation is 0.5% 

for current range of 220 to 270 ma, for mag-

netic focus coil of crt, between 25 °C and 

+28V 
REGULATED 

65 °C.—A. E. Popodi, Reliable Repertoire Of 

Display Circuits, Electronics, 38:2, p 60-66. 

1.8K 

+30V 
10 V' . 
REF 
TI655C9 

TO 
MODULE 
NO.2 

' -K.X 1,000 
p.CAPS IN µF 

LIGHT-PEN AMPLIFIER—Consists of four two-

transistor wideband-amplifier modules, each 

with inverse feedback to hold current gain at 

21 with high stability. lnterstage coupling 
networks raise lower cutoff frequency to 500 

cps, to provide some rejection of 120-cps 

room light picked up by photodiode.—B. M. 

Gurley and C. E. Woodward, Light-Pen Links 

Computer to Operator, Electronics, 32:47, p 

85-87. 

-20v -20V -20V -20V -20V -20V 

10K IOOK 

K 
4.7K 

120K 1K —20V 

AMPLIFIER AND STRETCHER 

220K 2N502 

2N247 
0.01 

2N509 OR 10K 
2NI195 

7 

62 pF 

+I2V TRIGGER CIRCUIT 

RI TRIGGER 
50K SENSITIVITY 
(PANEL) 
22K 

• 
510 POLARITY 
PR SWITCH 

5 

TRIGGER 
INPUT 

QI 
2N695 

3.9K 

c2 R5 

500K 

16 
tiN54A 

25K 

2N502 

0.01 
10K 10K 

-20V 

50- OHM LINE 

VARIABLE DELAY 
R2 

100 K 
(PANEL) 

10K 
0 1,500 PF 

K = X 1,000 

10K 2N247 

5555G 

C1 

160IpF 

1  I 

+250V 

-20V 100K 

02 

+250V 

2N502 

2N2471 

IN54A 
IN54A 

2.2K 1,000 
-20V pF .-, 

7. 

AVALANCHE 
PULSE 

GENERATOR 

SAMPLING 412V 1 
AMPLITUDE •••,. 

0.1 
(PANEL) 
100K 

12K 
2 pF I K I% FILM 

2N440 

AVALANCHE 2.2K 0.1 

SPEED 
560 pF ADJ 

7 

o 
0.5 n ;EC 

1 n 
SEC( 
120K 60K 
1/2W 1/2 

5n SEC 

2 n 4 n SEC 
SEC 

3 n 
SEC 

30K 20K I5K 
IW IW 2W 

SWEEP INPUT 
SWEEP SPEED SELECTOR ( PANEL) 

I2K 
2W 

OUTPUT 

RESET CIRCUIT 
-l-12V +12V + 12V 

80 

100K pF 
-20V 

IN54 A 820 
pF 2N585 

10K 2N585 

+12V 

33K 

-20V 

390K 
47K 3.3K 

6.8K 

2N247 

UNBLANK CIRCUIT 

+105V 

10K 

UN-
BLANK 
4  

0.01 

2N585 

STRETCHING FAST PULSES BY SAMPLING— shape by peak-detecting amplified and Converting Oscilloscopes for Fast Rise Time 

Attachment for conventional scope samples stretched samples. Permits resolving pulse Sampling, Electronics, 33:26, p 96-99. 

instantaneous amplitude of signals at differ- rise times as short as 1/3 nanosecond with 

ent instants of time and reconstructs original repetition rates up to 50 kc.—J. J. Amodei, 
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cr 

10K 

2.5K 

CL002 

10K 

o  

O 

OSC ILLATOR 
I2AU7 20 

8 

2.7K 
22K 

01ST 
ADJ 

TO CRO 
NOR 

INPUT 

• 

COLLECTOR 
VOLTAGE 

TRANSISTOR BETA DISPLAY—Falloff in beta for constant collector voltages up to 8 v.— R. Displays Transistor Beta, Electronics, 31:49, p 

with increasing collector current is displayed Zuleeg and J. Lindmayer, Sweep Equipment 100-101. 

on auxiliary cro over range of 0 to 200 ma, 

+300V REG 

K X1,000 

100K 
'LOW It 

I MEG 

CAL HIGH 
Ic 

1 CAL DEFL 

100K 

25 

4.7K 

I MEG 

50K 

CATHODE -FOLLOWER SWEEP GENERATOR 

I2K 

BASE 
CURRENT 

H-P FILTER 

300K 
1K 
SWEEP 
WIDTH 101< 

I 6AC7 

AMPLIFIER AM PLI FIER 
I2AX7 22K I2AU7 

220K 

1K 
2.2K 10K 

0.005 27 K 

2 MEG   

. 300V 

25 

300V 

CL IP PER 

-L 6AL5 +300V 
REG 

TO CRO 
VERT 
INPUT 

68K 

ZERO 
ADJ 
IK 

GND 

0-200 

05 Q6 
2NI682 RT5342 

INTEGRATOR 
EMITTER FOLLOWER AMPLIFIER 

FROM 117V 
HEIGHT  , 
CONTROL 

R12 
330 K 

+150V 

TO 
READY 
LAMP D 

TO 
RESET 
LINE 

TRIG 
INPUT g 

160V 

D2 
IN1317 
20V 

16 

o, 

IK 

M 

R3 
470K 

2NI682 
AVALANCHE SWITCH 

0.001i R2 

510 60V 
" RI 

2.4 K 

1N626 

DI 
HD215I 

V 

D7 
I N2940 
IMA 

TUNNEL 

CI 

N EGATIVE 
SWEEP OUT 

IM IL 
0.01 0.01 

I59V 0.022 

R10 Q2 
I5K 2N696 Q3 04 

AVALANCHE SWITCH RT5342 RT 5342 
INTENSIFIER BOOST MONOSTABLE MULTIVIBRATOR 
154 V 

R7 
300 K 

I.2V 

100K 

07 08 
R 2NI682 T5342 

GA IN OF I INVERTER 
EMITTER FOLLOWER AMPLIFIER 

sAA,  
62K 

VV 
240K 

vv 
RH Rg 
10K 5100 

A A A 

0.221 

0.01 

-.7 

COAX 
46V 

- 

INTENS 
AMPL 

10K 

50F( 20K 

03 
E IN34 

20K 

4.6V  
C257 45.5V 

e R4 
100K 47K 

D5 
INI527 
22V 

D6 
iNi527 
22V 

C5 
0.1 

 lAI 
GATE LENGTH 

45.5V 

POSITIVE 
SWEEP 
OUT 

150V 

INTENSIFIER 
F OUT 

RASTER VERTICAL SWEEP—Q1 in shaper trig- circuit generates vertical sweep for scope 0.05 microsec.—R. P. Rufer and W. A. Karlot-

gers intensifier pulse for test oscilloscope used to measure time intervals in range of ski, Use Raster Oscilloscopes for Faster Time 

using tv-type scanning, while remainder of 0.5 to 100 microsec with time resolution of Measurements, Electronics, 35:52, p 38-42. 
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V TO NOR 
DEFL AMPL 

A-C 

IN536 22 

1K 

TO VERT 
DEFL AMPL 

PORTABLE CRO TRIGGER INPUT AMPLIFIER-

Schmitt trigger mvbr Q3-04 is modified by R1, 

R2, and Cl to give stable presentation at 2 

Me, with synchronization up to 4 Mc.-0. 
Svehaug and J. R. Kobbe, Battery-Operated 

Transistor Oscilloscope, Electronics, 33:12, p INT 
TRIG 80-83. 

22 

INPUT 

52 

820 = 
-150 V 

1 nF 
4i7nF 

180 

1.81( 

10 

10 

+120V 

74 
+120V 

Ii nF 

I nF 
+120V 

270 

Yes 

L5 

- E2 
100 pF 

•—tà 

135 

IOK 
TRIG 
SLOPE 

5 x 3.9 
(PAM 

+120V 

270 I nF 

D-C TO 100-MC DEFLECTION AMPLIFIER-Gain 100-Mc bandwidth, for driving electrostatic sakowski, Designing a D-C to 100-MC Deflec. 

is constant within 3 db of 40 db over entire deflection plates of oscilloscope.-L. L. Kos- tion Amplifier, Electronics, 35:17, p 64-66. 

TUNNEL-DIODE CURVE-TRACER-Positive half 

of 60-cps a-c voltage is applied to tunnel di-

ode and to horizontal deflection amplifier of 

cro, and voltage across RS, proportional to 

diode current, is applied to vertical input. 

Arrangement gives display of complete char-

acteristic throughout negative-resistance re-

gion.-J. A. Narud and T. A. Fyfe, Tunnel 

Diode Curve-Tracer is Stable in Negative-

Resistance Region, Electronics, 34:18, p 74-75. 

TRIG 
LEVEL 
100K 

1 
-2 7377 

56 

InF 

+240V 

- 7377 

+240V 

58HP31 

560 

L9 

L11 

5pFf 15pF 

5pF 5pF 
320 

320 C 27 
L16 

  +380V 

L19 

320 

00nF 

100 

L.* 46 nH 
, L1 - 

Li. * 150 nH 

L3 L4 70 nH 

, L.*93 nH 
1.5 1.6 - Lt . 292 nH 

LI Ls - 372 nH 

L9 Le- LL7: 276757nnHH 

I-11 L12 - 181.5 nH 

Leg - 322 nH 

L5L6 - 300 nH 
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PPI GROUND PULSE BLANKER-Used in back-

scatter receiver to produce gating pulse that 

can be applied to screen grid of final i-f 

stage to remove bright ground pulse (occur-

ring because receiver is fed from transmitting 

antenna by way of transmit-receive switch) 

from ppi screen.- K. Perry, Reducing Interfer-

ence in Ionospheric Sounding, 33:22, Electron-
ics, p 118-120. 

TRIG 

PULSE 

+10V 

TRIG 
IN 

560 

1.2K 

10K 

47 0 

STABILITY 

*50 K 
T126 

330 
470 150 

8 2N226 

Di +45V 
+10V 

TIMING 410V 
RESISTOR 

+10V 

1.2M 

OCI70 UNBLANKING 100 DIV 
TO CRT 18K ABLE MILLERCI 150 

TIME/ 

22K. - 45V 
+10V 

-45V VAR17 

03 CIRCUIT 
111 I 2G  

-«7 
2.2K rn 

  39K 150 n 
••2 
2NI69A 

180K 
2NI69A _ 

3.9K - 45V r 'HOLD-

-45V 39K 'TOFF C2 

CI TAOPARCS- 1 ISO 

100K 

  07 

2N404 

18 K I 81( 

SWEEP-
GATING MV 

HOLD- OFF CIRCUIT 

0.01 220 

TIMING 
CAPACITOR 

SLOW 
SWP ADJ 
-10 V  

-10V -45V 10V 

+45V 

68K 

SWP 
LENGTH 

SAW-
TOOTH 
TO 
HORIZ 
AMPL 

2NI126 

3.9K 

-45V 

K. X 1,000 

PORTABLE CRO UNBLANKING AMPLIFIER- same point on every sweep.-0. Svehaug and 

Supplies signal to turn on crt during sweep. J. R. Kobbe, Battery-Operated Transistor Os-
Mold-off circuit insures that trace starts from cilloscope, Electronics, 33:12, p 80-83. 

Cl 

100 pF 

ov ri ---1 (--- 
-8V --I 3.3K 

UNBLANKING 
GATE PULSE 

+28V 

R11 R9 

33K 25K 
C3 

SYMBOL 
1Oli( e 

INTENSITY Fig. 
GATE 1 5.1K  

rp 

Ws. 

C4 
100 pF 

SYMBOL 
INTENSITY R13 
GATE 2 5.1K 

+28V 

e R, 
16K 

Q4 
2N1893 

+150 V 

R3 

8.2K 

2N1893 

=.-. 

+70V 

+28V 

C2 

330 pF 

F -1(-1 

FD200 

05 

2N1893 

03 
2N1893 

-28V 

10K 

-28V 

R4 

15K 

D3 

+ 70V 

I D2 
1N3064 

R5 
FD200 3.3K 

SYMBOL 
INTENSITY 
LEVEL 

Q2 
2N1893 

+300 

GATING 
PULSE TO 
I-F TUBE 
SCREEN 

3 K 

OUTPUT TO 
CRT CATHODE 

CRT „---- CRT 
'F'01 CATHODE CUTOFF 

VOLTAGE 

-28V 

BRIGHTNESS 
LEVEL 

.+15V----1 

CRT 
ON 

BEAM INTENSITY CONTROL-Used to provide 
two different intensities for symbols on crt. 
-A. E. Popodi, Reliable Repertoire Of Display 
Circuits, Electronics, 38:2, p 60-66. 
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AMPLITUDE MARKER 
5K 

PULSE 
INPUT 

TP, V2A 
PE AK 

RE TAINER 

R7 

C9 

R5 
22M 

8 
220 

R12 
R6 47K 
47K 

Clo 
220pF 

 1 
Cl2 
0.01 

12A77 

V20 
SUMMING 
AMPL 

R11 Cii 

470K 0.01 

STROBE PULSE GENERATOR—Constant-ampli-

tude sawtooth from timebase of display unit 

is fed to one control grid of Schmitt trigger 

V1, whose output triggers one-shot mvbr to 

produce gating pulse 0.1 millisec wide that 

10 

R 3 

510 
100 

INPUT 

12 pF R4 
820 

47 ALF 
35 V 

R 

F0 

t R6 

>10 

ALIGNMENT CORRECTION—Circuit developed 

for correcting alignment inaccuracies between 

electrostatic deflection plates and face of 

C13 R13 
I0.1 I5K 

R9-7 
470K 

R“-.) 
470K 

-=• 

TO SCOPE 
Z-AXIS 

AUXILIARY 
MARKER INPUT 

01 
IN93 

250 
also identifies strobed channel on crt by 

brightening trace at that point.—A. Potton, 

Telemetry System for Testing Automobiles, 

Electronics, 33:43, p 57-59. 

AMPLIFIER FOR MARKER GENERATOR—Triode 

V2A amplifies brightening pulse generated by 

marker circuit, and feeds amplified pulse to 

V2B for mixing with fixed or variable exter-

nal marker pulse so both are applied to Z-

axis of scope.— D. J. Odorizzi, Z-Axis Marker 

Generator for Bandpass Circuit Alignment, 

Electronics, 33:26, p 108-110. 

D2 
1N914 1N914 

03 

TPI 

TP2 

10K 

R10 

100 

+18V 

cathode-ray tube gives output varying from 

0 to • 3.5 y when input varies from 0 to- -4 

v.— F. E. Smith, Buffer Amplifier Supplies Bi-

INPUT 
0.06 
VOLTS 
PEAK-
TO- PEAK 

R2 

5K 

B+ 
45 V 

03 

C610 

OUTPUT 
9 TO 15 
VOLTS 
PEAK-
TO-
PEAK 

HORIZONTAL DRIVE—Three field-effect tran-

sistors give 45 db voltage gain for 1- cps tri-

angular wave in horizontal deflection circuit 

of crt.—F. J. Murphree and J. H. Hammond 

Jr., High-gain D-C Amplifier Drives CRT Dis-

play, Electronics, 37.19, p 53. 

(C VO 

+18V 

R14 
470 

Q2 
2N2224 

R15 

10K 

±C5 

" 

C6 

I ° I R16 I 0. 1 100 

18V 

OUTPUT 

polar Output, Electronics, 37:21, p 75. 
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RASTER VERTICAL TRIGGERING GENERATOR— 

Output pulse width of blocking oscillator QI 

is over 3.5 microsec, determined by Ti and 

C2. Q2 couples this pulse to output H for 

use as unsynchronized output, while Q3 with 

400-kc sync input serves with D2 as coinci-

dence gate to give output only when both 

sync and gate pulses are present.— R. P. Rufer 

and W. A. Karlotski, Use Raster Oscilloscopes 

for Faster Time Measurements, Electronics, 35: 

52, p 38-42. 

INPUT 

CI 

TRIGGER- ?5 
ING 
EN PUT ^ 

T8 G 

GROUND  

+DC (5 TO 7 VOLTS) 

INPUT RI 
0 — ) 

0.0056 300 
OHMS 113 

OHMS 
100 
OHMS R2 

50 

2K 

43v 

01 

R3 

TYPE 
IN3130 
OR 

IN 3860 

RASTER HORIZONTAL SWEEP GENERATOR— 

Input from 400-kc timing generator triggers 

Q4 through Q2 and Ti, making C3 discharge 

to provide sweep retrace. Negative sweep 

is similar except that capacitor is charged 

from minus 150 v.— R. P. Rufer und W. A. 

Karlotski, Use Raster Oscilloscopes for Faster 

Time Measurements, Electronics, 35:52, p 38-

42. 

47 OHMS 
2 WAT TS 

Di 02 03 
BLOCKING OSC COLLECTOR FOLLOWER PULSE GEN 

2N1682 2N1682 2N1682 

400KCSYNC 
+I2V INPUT + 50V 

1;;) F 

01 

BLOCKING OSC 
2NI682 

02 

RETRACE DRIVER 
2N1682 

R5 

200 

OUTPUT 

). 2.7 OHMS 
2 WAT TS 
WW 

R2 
10K 100K 

0001 

>>.100 

H 
UNSYNCHRONIZED VERT 

TRIGGER OUTPUT 

D3 
H02151 

UHF SYNCHRONIZER—Simple tunnel-diode cir-

cuit can synchronize any scope to any con-

stant frequency up to signal-bandwidth limits 

of scope, even though bandwidths are great-

er than cro sync circuits can handle. Upper 

frequency limit of circuit is at least 1.2 gc. 

Diode oscillates at frequency controlled pri-

marily by Li, but will lock onto uhf input 

signal and deliver exact subharmonic of in-

put. Can provide countdowns at ratios ex-

ceeding 100:1.—F. M. Carlson, Tunnel-Diode 

UHF Synchronizer, EEE, 12:2, p 109. 

03 

CONSTANT CURRENT SOURCE 
RT5218 

4150V 

450V 
H 60V Q3 145 KIA 

(ph 
I.34V 

V - 

100 

+RETRACE 
AMPLITUDE 
25-280 

Kg 

ADVANCE RELAY 

D E 

0.1 

/2T 

0. 

I eh 

100 500 

e—STAV%1S1/S%erOTITA/t 

45V 

0.01 
C3 
25 

K ig 

it=11 4- 
-154v 1.34V-

0.01 

 I(  

-I54V , 500 

100 
SENSITOR 

A 

-150V 

+SWEEP 
AMP 

100K 

SYNCH-
RONIZED 

 n VERT 
° TRIGGER 
OUTPUT 

T8G 

E GROUND 

04 
POS 

SWEEP RETRACE 
RT5I49 

TO HORIZONTAL 
SWEEP PLATES 

05 

NEG 
SWEEP RETRACE 

RT5149 

-SWEEP 
AMP 

06 

CONSTANT 
CURRENT SOURCE 

RT5218 
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22 112V 
BAIT 

1000W 5,f 
25V 

I- 145V MIN INPUT 

TRACE INTENSIFIER-Designed to convert weak 

positive-going pulse to negative-going pulse 

with 15 y minimum amplitude, as required 

on cathode of A-scope radar presentation on 

- 1ATTENUATOR 
IN  0.01 

L. 

L _ 

-+ 10V 

2KC 100K C12 

INPUT 

Di 
Ti2G 

4 

100K 

3.3 pF 

+6.3V 

2N544 

2.2K 

46.3V 10' 6.8K 

CAL OUT 

500 my 

CAL 
ADJ 

570 

7.• 

IK 

220 

DC 
BAL 

1.8 K 

+45V 

5718 

10 +10V 

TIO820 

40 MV 

49.5 K x 1,000 

25v 

0.1fos F. .11.FST›, AAGNED 
RISE 
TIME 0.4 if 

commercial oscilloscope. Minimum input am-
plitude is 250 mv.-L. J. Brocato, Scope-Trace 

Intensification Converter, EEE, 13:2, p 62-63. 

I Q 

OCIO 1.58 

CALIBRATOR FOR PORTABLE CRO-Generates 

40-my square wave at 2 kc. Provides swing 

of 30 y at each crt deflection plate.-0. 

Ire 

CARAD 9-1 

2MC OSC 
2NI682 2NI682 

IN626 

C, 

r 3-12 

2MC al 10K 
XTAL-

OSC 
WAVEFORM 

ADJ 8.6V 

R, 
270 

Q1 -0.4V 

Q55 

2MC 
MARKER TI 

OUT 

RASTER TIMING GENERATOR-Crystal oscilla-

tor (2 Mc) triggers blocking oscilator Q4 that 

counts down by 5 to produce 400-kc timing 

R3 
1K 

MING 

OC170 

0C170 

0C170 

GAIN + 10V 
ADJ 
200 

VERTI-
ICAL 
POSI-
TION 

260 
(SENSI-
TIVITY 

1.2 K 

2X2OK 

OC170 

10V 

-45v 

5K 

OC170 

-45V 

10V -I0V 

TO 
UPPER 
CRT 
PLATE 

4.78 

LE COMP 
10K 

TO LOWER 
CRT PLATE 

10K 

2N544 

1NT 
TRIG 
SIG 

Svehaug and J. R. Kobbe, Battery-Operated 

Transistor Oscilloscope, Electronics, 33:12, p 

80-83. 

Q2 03 

E.F. BUFFER E.F. 
LIMITER 
2NI682 

+12v 

SAvi TOOTH 
FROM 
TIME-
BASE 1'1 ExT GEN 

E, 
ma. 
e-z 

K.x1.000 

410V 

HORIZONTAL 
/POSITION 

o 
0.01m  3.9K 

-10 V 

+10V -I0V 

2N544 
2N544 

7.38 

-45V 

-10v -45V 

ccir_u.1 

xf.fe1r 

o 
La-1 

PORTABLE CRO HORIZONTAL AMPLIFIER-Bal-

anced circuit includes temperature compensa-

tion. Closing SI provides magnification of 5 

on screen. Bandwidth is 1 Mc.-0. Svehaug 

and J. R. Kobbe, Battery-Operated Transistor 
Oscilloscope, Electronics, 33:12, p 80-83. 

',•• TRANS-
(' DUCER 

GYRO VIBRATION AMPLIFIER-Vibration re-

sulting from imbalance is sensed by inductive 

transducer that produces sine wave which is 

amplified by circuit and displayed on cro.-F. 

W. Kear, Electronic System for Balancing Gyro 

Wheels, Electronics, 33:43, p 82-85. 

C)4 05 06 

5:1 B.O. AVALANCHE AVALANCHE 
2NI682 SWITCH SWITCH 

PULSE GEN PULSE GEN 
+50v 2NI682 2NI682 

300 2K 
300 

20 SENSITOR 300 
IK 2,700 

2K 

1.25V 
03 

0.0022 
100V 

SENSITOR 
3,300 

65-340 
5:1 ADJ 

IN643 

PCATT211-0.5 
05 

04 I T, FD101 

6 4 0.7 V 
Rs 

100 
2 3 

pulses for test oscilloscope using tv-type scan-

ning.-R. P. Rufer and W. A. Karlotski, Use 

Raster Oscilloscopes for Faster Time Measure-

100 
20 1 20 

30V 
0.2 V 

PCA iTioi - 0.2 

2 3e 

PCA TTIO1 - 0.2 

T8G 

18G 

DELAYED 
400 KC 
HORIZ 
TRIGGER 
OUT 

400 KC HORIZ 
o TRIGGER OUT 
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47K 33K 
0.5 270K 

V3 
Vi 

i12AU7 

1N4 
0.1 

MEG 

TRACE BRIGHTNESS EQUALIZER—Amplitude of 

signal to be displayed controls scope bright-

ness by changing voltage on cathode of crt. 

Low-level signal and high-voltage pulses are 

automatically adjusted as to brightness, so 

both traces appear equally bright on photo-

graphic film.— J. K. Goodwin, Circuit Evens 

Scope Brightness, Electronics, 31:51, p 96-98. 

10s, 
50 

K 

.5967 

D2 
IN 702 

_3v lor, 1/2W 

Si< 
1/201 

2N2904A 
Ql 

5e 
1/2W 

1000 

0k 1/2W 

03 
IN 702 
3v 

OU 

o 

-20v 

252904A 

Z-AXIS MODULATION—Pulse amplifie allows 

crt beam-intensity modulation from 3-v logic 

levels. Requires only single 150 y supply. 

Intended as modification for Tektronix oscil-

loscope.—.1. H. Cormack, Pulse Amplifier for 

Beam Intensity Modulation, EEE, 14:1, p 63. 

K X .,D00 

ALL DIODES 
IN 635 

SYNC 
OUT 

IN 

V 

SYNC BLOCKING OSCILLATOR—Free-running 

period of grounded-emitter stage is made to 

lock in with frequency of pulse generator, to 

provide synchronizing signal for conventional 

oscilloscope during tests of high-speed com-

puter circuits.— L. Neumann, Transistorized 

Generator for Pulse Circuit Design, Electronics, 
32:14, p 47-49. 

—780V 7K 

NE 2E 
OR EOU1V 

100K 

INTENSITY 

FOCUS 

350K 470K 

CRT 

NEON CRT BIAS REGULATOR—Neon lamp 

serves as bias regulator for grid 1 of oscil-

loscope crt and as pilot lamp.—More Glow-

Lamp Circuits, EEE, 12:2, p 106-108. 

PEN BODY 

12K 

NUCLEONICS 
IP—SO 

TO 
MAIN 
AMPL 

LIGHT-PEN PREAMP—Raises signal level of 

germanium photodiode before it is fed 

through coax to main amplifier. Special de-

coupling in collector circuit allows power and 

signal to be supplied simultaneously over 

single coaxial cable.— B. M. Gurley and C. E. 

Woodward, Light-Pen Links Computer to Op-

erator, Electronics, 32:47, p 85-87. 

0.02 
CLIP— DISC 
PED   
VIDEO 

Z-AXIS AMPLIFIER—Accepts clipped video sig-

nal of microwave interferometer system and 

intensity-modulates electron beam of oscillo-

scope.— H. L. Bunn, Determining Electron Den-

sity and Distribution in Plasmas, Electronics, 

34:14, p 71-75. 

UNBLANKING PULSE GENERATOR—Unblank-

ing signal is produced by repeated amplifica-

tion and clipping of 500-cps signal from 

antenna synchro driver. Square-wave output 

is applied to control grid of display crt. Bal-

ancing controls are adjusted so unblanking 

strobe line starts from center.— R. T. Wolfram, 

Improved Communications Using Groundscat-

ter Propagation, Electronics, 33:44, p 74-78. 



CHAPTER 13 

Character Generator Circuits 

R2 

15K 

INPUT 
CONTROL 
PULSE 

-8V 

100 pF 

Qj 
2N697 

R4 R5 

1K 33 

C1 

4,700pF 

+28V +30y SELECTION LOGIC INPUT 
ALL UNMARKED DIODES 

«30 +30 ARE S- 34 7G 23K 8.2K 

C2 

1,000pF 

OUTPUT 

22itH 

+15V 

D2 

1N9658 

CHARACTER GENERATOR—Pulsed oscillator, 

used in producing alphanumeric display char-

acters from combinations of circles, half-circles, 

and ellipses, is transient-free. Sinusoidal os-

cillator Q2 starts with full amplitude and 

stops in less than one cycle.—A. E. Popodi, 

Reliable Repertoire Of Display Circuits, Elec-

tronics, 38:2, p 60-66. 

o 
(I) 

160- CPS A-C 

0.02 

220K 

68K 

I) 

I50K VPEN 19% 

CIRCUIT 

3K 
Bee 

-30V -65V   

SYMBOL GENERATOR—Combines sine and co-

sine waves of ten harmonic generators to 

produce X and Y waveforms for alphanumer-

ic character generator.—K. E. Perry and E. J. 

Aho, Radar-Computer Traces Alphanumeric 

Characters, Electronics, 34:26, p 75-79. 

(I) 

(I) 

Y 
OUTPUT 

(2) 

CRT NUMBER GENERATOR—Lissajous patterns 

on crt form numerals 0 to 9 that appear to 

be handwritten. Vertical and horizontal wave-

100 

shapes u cd to produce a number are con- transformer, permitting waveforms to pass 

tinuously applied to pair of number gates. through to crt deflection plates and create 

Gates open when excited by high-voltage r-f pattern on screen. All waveshapes ore de-



CHARACTER GENERATOR CIRCUITS 101 

0 -is: 5 - 6.5V 

A 

O 

A' 

2NI23 
IX 

-6 5V 30K 
J-12:5 

85 

5 

4 

4 

B3 
ALL F VF PAIRS OF RING NG 
CIRCU TS ARE IDENTICAL EXCEPT 

43 FOR VALUES OF L. AND C, 

+30V 

2NI23 I K 

30K 

+30V 

FREO FUNCTION L. C, , 

30KC 
SIN 

COS 
5.31.111 

5.100 ••3• F 

+200,,q•F 

60KC 
SIN 

COS 
2.651111 

2.400,•••F 

+24 0FRF 

90KC 
SIN 

COS 
I.77MH 

I•600e0a 

+160» p•F 

120KC 
SIN 

COS 
13354/1 1,300>m F 

150KC SIN 
COS 

1.0654H lO m ee F 
+5600.0. F 

COSINE-WAVE 
2 RINGING 
CIRCUIT 

2NI23 

CI 
5,300µp,F 

-6.5v L, 
ToROID 
5.3t..41-1 

COSINE-WAVE 
RINGING 
CIRCUIT 4JD2A6 

2 NI23 

IK 

IL 

-6.5V O 4. 

BA 
15 KC 
SQUARE WAVE 

-5V 
4.5v TIL FROM DIGIT ,' 

SELECTION/ 
MATRIX 

13'2 

2NI123 

R, 

2N1123 0K 

1 1,000pF 

2N1123 

COS 
A'5 

SIN 

COS 
A'4 

SIN 

cos 
A'3 

SIN 
C2 

100-50o +6.5v 
tsp. r  4.10246 COS 

+6 5V 
2NI44 

i»F 2 

IOK -50V - 

2NI123 

1 1,000 pF 

30 KC 

nhI 
+85V C 

2N144 30 KC 
1µF 

▪ SELECTOR 
SWITCH 
FOR ONE 
CHARACTER 

(I) 

(2) 

2NI23 

2NI23 

OK 

-6.5V -30V 

75 

10K 

8.5V -30V 

rived from 60-cps centertapped sine-wave 

source. Reliability is insured through use of 

passive elements (resistors, capacitors, and 

10K 

RI 
^e 

10K 

-30V -6.5V 

ylo) 

Y' 1 

Y12) 

(ETC) 

< DEFL 
YOKE 

FINE-POSITIONING CHARACTER-GENERATOR 
SWITCH-Pairs of deflection switches operat-

ing push-pull into deflection yoke act with 

16-point coarse positioning system to give 

4,096 positions, generated in binary fashion. 

-K. E. Perry and E. J. Aho, Radar-Computer 

Display Traces Alphanumeric Characters, Elec-

tronics, 34:26, p 75-79. 

TO x DEFL SECONDARY TURNS FOR 
OF SCOPE CHARACTERS 0,1,2,3,4,5, 

6 ANQ_7_  
x 101  

0,•28 0, - 8 0, 0 b, +40 

43,-20 b, 0 o, 0 by- 20 

.3 0 b3 0 .3 0 b3 

0, 0 b, 0 a, 0 0, 0 

0 0 

xo) ▪ Y 111  

0, 0 
Oa 0 

03 0 

0+ 
a, 0 DI 0 as 0 

X 12) 

0,-s b, 0 0,141 b, . 9 

O,- 39 b, O 0, 0 by 0 

o O b3 O or 2 b, + 6 

.• 0 b, 0 0, 0 b, • 6 

o 0 1:33 0 0,O 1, y (,,  

131  

0,46 b, - 22 ,,- 57•  8 be 5 oe 6 

0, - 6 b,•22 03. 7 

a,- 9 b• 0 H 
O .21.10_0 b 0 o 

X 4) 

a, - 15 b,•421 

be 7 

b,- 5 

be 1 

-30v-6 
TO Y 

DEFL OF 
SCOPE 

TEN TOROIDAL 
TRANSFORMERS 
WITH ONE SET OF 
SECONDARY WIND-
INGS SHOWN 

ONE SET OF 
SECONDARIES, 
ONE 2-TRANSISTOR 
SELECTOR SWITCH I by o 

(AS BELOW) AND   
ONE PAIR OF SCOPE 0, - 9 b,• • 

INPUT DIODES 00.57 bro.2 
(AS ABOVE) NEECED . 0 • be,. 
FOR EACH CHAR- 04 •3 

a, - I bee. 
ACTER 

0, 0 

51, 

b3 

b• 

a, 0 

0, 0 

o, 0 

0, 

0, 0 

b, 

b3 

b• 

be 47 

12) 

MINUS SIGNS IND-
ICATE REVERSED 
CONNECTIONS TO 
WINDING 

ZERO MEANS NO 
WINDING NEEDED 

(I) 

Oa+ 18 

a 3 0 

o• 0 

it sI 

b, - 7 

b3 

b• 

y 41  

0,• • b, - 37 

44+24 - 3 

o 02 be ' 

O, 03 b, 

ao I b, 0 

1151  

00.41 31,.. 1 

oe.6 be 8 

as- 6 03 0 

oe 3 b• 

0, - 3 b3- 2 

Y16) 

O, - 16 0, 0 

4+32 0,1 21 

b,I6 o, 

b, O O. 0 

b, O o, 

a,- • 

0,1,5 

03. 6 

04 0 
0, 0 

be. 28 

b,• 7 

b3 

b• 

by 0 

X171 

O, 0 

Oa 0 

03+1 

04 0 
0, 0 

Y(7) 

b,-2 1 0, • 1 

4-19 13, 

be20 03 - 1 

be13 0., - 1 

O5 0 03 0 

(2) M\AM 

bi+2. 
.4- 32 
4. 9 

b4- 10 

be • 

INPUT 

ANALOG CHARACTER GENERATOR-Displays 
numeric characters 1 through 7 on cathode-

ray tube by deflecting spot to trace out each 

character continuously. X and Y deflection 

voltages are obtained by combining sine and 

cosine terms of first five harmonics of 30-kc 
fundamental. Tran;istorized gated oscillators, 

flip-flop serial counters, and emitter-followers 

feed 10 toroidal transformers having one set 
of secondary windings for each character.-

K. E. Perry and E. J. Aho, Generating Char-
acters for Cathode-Ray Readout, Electronics, 

31:1, p 72-75. 

+30V-

2K 

2N123 

3K 620 

GA- 52830 

220 

-30V 
-6.5V 8 

+65V 

2N553 

50 

OTHER SWITCHES OTHER SWITCHES 

LMNOPOR -50VTUVV/XYZH 

DEFL YOKE 

CHARACTER-GENERATOR DEFLECTION SWITCH 

-Coarse deflection system uses 32 identical 

power transistor circuits in switching config-

uration to drive low-inductance main deflec-

tion yoke. Half of these control X deflection 

to give 16 discrete positions, and the re-

mainder serve for Y deflection.-K. E. Perry 

and E. J. Aho, Radar-Computer Display Traces 

Alphanumeric Characters, Electronics, 34:26, 

p 75-79. 

(2) \AAAAAA 

diodes) and standard techniques of clipping, 

limiting, and/or phase shifting to generate 

required waveshapes.-R. L. White, Forming 

(2) 

(2) v---v---\n 

Handwritten-Like Digits on CRT Display, Elec-

tronics, 32:11, p 138-140. 
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+5V 
JL 

- 5V 

+6.5V 
WE- 52830 

+30V 

SHOCK-EXCITED SINE-WAVE OSCILLATOR— generator.—K. E. Perry and E. J. Aho, Radar-

Rectangular pulse turns on five identical bar- Computer Display Traces Alphanumeric Char-
manic generators for alphanumeric character acters, Electronics, 34:26, p 75-79. 

INPUT 

+ 5V 

RING 
COMMAND 

2N123 

-6.5V 

22K 
C2 + 30V 

10K 
-= 820 

WE- 52630 
7, 

1.2 

8 

SHOCK-EXCITED COSINE-WAVE OSCILLATOR— E. J. Aho, Radar-Computer Display Traces Al-

Single 34.1-microsec ring command turns on phanumeric Characters, Electronics, 34:26, p 

five identical harmonic generators for alpha- 75-79. 

numeric character generator.—K. E. Perry and 

S-nr • 
1 R - 

P 
N -••-1-
M-.•-4-
L-m-1— 
K -.0-1— 
J I  
H   

200 470 
2N404 

I N100 
/  

0.05 

1 LDS  
1 0.015 • •-•r-•-•fv-r, 

  1 0.1 

100 

+30V 

1NPuT 

CHARACTER DEFLECTION AMPLIFIER—Converts 

X or Y voltage waveform into equivalent cur-

rent waveform of up to 0.5 amp peak to 

peak, to drive low-inductance deflection yoke 

of cathode-ray character generator.—K. E. 

Perry and E. J. Aho, Radar-Computer Display 

Traces Alphanumeric Characters, Electronics, 

34:26, p 75-79. 

PeFT 
100 
,up.F 

300 1240 
1K 

I5K 
2N247 

120 

1N100 

500 
470 

2N404 

•  

0.05 

100-1 300 1240 
F I K jF 

 •-v-W-Y-Yr 

IN 100 

I K 470 
2N586 

0.05 

I N100 
I4 

AuFI il K 
1200 

—100 15KL120  
2N247 

u.p.F 

1 NI 00 

1200 

1200 
F 

470 

IN706 

I - (+ 
3.3 

330K 
2N404 

470 

IN706 
-F4 

200 

-I(' 
3.3 

330K 
2N404 

470 

1N706  

3.3 
330K 

2N566 

500 

I1< 

-  J 
  Fi 

TO FILAMENTS 

KzXI,000 

6AK5 
75K 

— 0.01 

240 5.1 K 

75K 66K5 

— 0.0I 

5.1 K 

E 

  ALPHANUMERIC CHARACTER GENERATOR— 

Used to provide readout on cathode-ray dis-

play as output of digital computer. Horizon-

tal decoding and deflection circuits are shown. 
240 Vertical circuitry is essentially identical.— E. D. 

Jones, Character Generator for Digital Com-

puters, Electronics, 33:7, p 117-120. 



CHAPTER 14 

Chopper Circuits 

INPUT 2 

INPUT I 

0.1 

0.022 

PENTODE CHOPPER—Designed for use as first 
stage of wide-band amplifier ( d-c up to sev-

eral kc). Design procedure is given. For 150- 

v plate supply, typical values are R2 = 100 
ohms, R4 5K, R3 110K, RI -- 15K with 

1N34A diode, R5 1 meg, Rg 1K, and Cl 

depends on lowest frequency to be amplified. 

—D. G. Knox, Electronic Chopper, FEE, 1011, 

p 27-28. 

-F 150V 

K.X 1,000 

VS 
6111 

0 022 

ST NC 
CHOPPER 

RL 

400-CPS MECHANICAL CHOPPER AMPLIFIER 

—Chopper modulates incoming d-c signal for 

a-c amplification, then demodulates output 

synchronously. Conversion gain is above 

5,000. Suitable for high-gain low-level strain-

gage thermocouple, and similar signals where 

amplifier drift must be minimized without us-

ing regulated power supply.— L. S. Klivans, 

D-C Amplifiers for Control Systems, Electron-

ics, 31:47, p 96-100. 

COMMUTATOR—Bipolar pnp transistor, diode, 

and fet transistor in basic module form ana-

log switch used as electronic commutator for 

choppers and telemetry multiplexing.— J. Gul-

benk and T. F. Prosser, How Modules Make 

Complex Design Simple, Electronics, 37,32, p 

50-54. 

SEQUENCE  

INPUT I 

INHIBIT 

4   

1. ÷1CLEAR R1 

--i 1 H-.1 
, TO NEXT STAGE i SHIFT REGISTER 

i  
INTEGRATED CIRCUIT 

---i I---•" 

5.1K 

16-501 PACKAGE 1 

 I CI 50 TO 
T 100 pF 

-4 
I OUTPUT 
I Bus 

103 
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Z1 
e1—vv.-4. 

e2--,vvv-
Z2 

4,7K 

D6 
IN251 Z 

Ql 
TI501 

TI501 

IN-
PUT 

VI 
6111 

9.09K 31.6K 
10K I I96K 

Ql 
2N335 

51.IK 
51.IK 

316 
0.056 02 

2N335 

23.7K 90.91( 

46.4K 

03 

2N335 042N335 I2N335 

I7.8K 

1.IK 

Q9 

8.25K 

5.62K 

.481( 

1.47K 

5 
o 

2N657 

8 

10K 

el96K 
196K 

CI 

I  
0.1 

0.0056 

IN 

97091( 

14.71( 5 
Il 

05 
2N335 

6I.9K 5.IIK — 25 

22 f 

06 
2N335 

82.5 

562K 

07 
2N335 

23.7K 

I/ 

51.IK 82.5 

4.22K 22 -7.---. t.961( 

r'r'rl 400 CPS 
CHOPPER 

HYBRID D-C OPERATIONAL AMPLIFIER-Uses 

Goldberg chopper-stabilized principle for d-c 

drift correction. D-c gain is 900,000, input 

impedance 230,000 ohms, and output imped-

ance 1,000 ohms. Generates -20 to +20 y 

A-C PREAMPL 

012 
00K 2N335 1  

200 120 

-I4V* R 

D7 100K CI 

  1N251 10.0047 

DI 
IN251 27K 

10K 1N497 

CHOPPER AMPL 

Z 

+55V 

2N335 

7 47K 

1MEG 

Og 
11507 

014 
T1501 

_L 

CI 

0.1 

+45 

 OUT-
PUT 

-48V 
SIG 

  GND 

across 10,000-ohm load at 0 to 800 cps.-R. L. 

Konigsberg, Designing Hybrid D-C Amplifiers 

to Withstand Missile Environments, Electronics, 

34:32, p 157-159. 

POWER AMPL 

0.0027 

2N335 

2N335 

2N335 

••71,1* 

-I4V* 22 

R 7 017 
10K J3I7 

07 
2N335 

SUMMING CHOPPING AMPLIFIER-D-c opera-

tional amplifier is connected as summing 

amplifier with two inputs. Input-output rela-

tionship is independent of amplifier charac-

teristics because amplifier gain is sufficiently 

high and effects of d-c drift in transistor cir-

 +55V 
Rg 
200 

I IC7 
0.0i 

cuits are sufficiently small. D-c and low-fre-

quency components are amplified in chopper 

amplifier and integrating amplifier, while 

high-frequency a-c components go through 

preamplifier. The two signals are combined 

and further boosted by power amplifier. In-

+55V 

I5K 

08 
2N335 

-55V 

eo INTEGRATING AMPL 
OUTPUT 39K 

 .VV‘.  

-55V 

220K 

68K 

Cbo 
2N329A 

R3 
I 5K 30K 

30K 

09 
2N335 

2N335 

200K 

33K 

2 

C2 

+55V 

KrX1,000 

* VOLTAGE ESTABLISHED 
INTERNALLY WITH ZENER 
DIODES 

tegrating section has time constant of 12 sec, 

determined by C2-R3.-W. Hochwald and F. 

H. Gerhard, D-C Operational Amplifier With 

Transistor Chopper, Electronics, 32:17, p 94-

96. 
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8-10-18 
VOLT 
INPUT 

,SYNCHRONIZED SWITCH OFF PHAS 1 u D-C BENDIX B1368AT AVERAGING CIRCUIT 7 r— 7 r 
CORE:50004 ORTHONOL I SOURCE I AND FILTER 

MAGNETICS INC. 
8203 

• 
.100 TURNS 

2 

: • 
100 TURNS 

lI 
I I 
L _ _ L 

5mH _L• I i Vo 
1N1201 r I ' 

_ L _ _ _ L 

VP CORE: 50029 ORTHONOL 
1 8203 I MAGNETICS INC. 

el • L  
SQUARE WAVE OSCILLATOR 

+ 24V 

500-W VARIABLE PULSE WIDTH REGULATOR 

-Chopper transistor supplies pulse-width-

modulated pulses to averaging circuit and 

filter. Filter output voltage is compared to 

external reference voltage by magnetic am-

plifier, which changes pulse width to decrease 

0, 

2N1751 

03 100 

2N2905 

02 

2N2219 

Li 

0 36 rnH 

parator stage produces error voltage to con-

trol Schmitt trigger, driver, and pass switch. 

This achieves regulation by chopping current 

AI 11X440 

R4 5.1K 

R5 10 K 

D2 D3 

14— 14 

CHOPPER-TYPE REGULATOR-To obtain 10 

at 1 amp from satellite solar cell supply with 

97% efficiency, differential amplifier in corn-

4 04 

IN 4001 

• 7 

75 TURNS 
e 

75 TURNS 

9 

CHOPPER TRANSISTOR 

MAGNETIC AN 

t- I2V REF + 

LOAD 

r‘LOAO 

_ _J 

600 

deviation. Chopper s driven by two-transis-

tor square-wave oscillator modulated by mag-

netic amplifier.- P. Balthasar, New Transistor 

Regulator Handles 500-Watt Outputs, Elec-

tronics, 35:38, p 48-49. 

,t R9 

> 82K 

Q6 
2N2907 

2N2219 

P 7 100K 

NV11.  
2N 2907 

R11 „e 

R6 10K> 
100K 

07 
2N2907 

D9 09 
2N2219 2N2219 

_C5 

"01 

:R 16 

'4.3K 

:R19 

'5K 

R19 

'5.1K 

1-AMPERE 
CURRENT 

R20 
10 

OUTPUT 
LOAD 

8 - T0-10.7 
VOLT 
OUTPUT 

flow into filter for d'screte intervals.-C. An-

dren, High-Efficiency Voltage Regulator, Elec-

tronics, 37:23, p 64-5. 
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ASYNCHRONOUS SQUARE-WAVE CHOPPER— 

Used to interrupt or chop square wave gen-

erated with or in between regular system 
clock pulses, at specified times. Clock pulses 

are applied to bases of QI and 04. Can be 

1N758A 

e (m) 

Input 

R1 
180K 

C2 

pf 

Chopper amplifier 
1N758A 

R2 
20K 

0.02 
Lf 

100 v 

1.3 M 

Airpax 2300  

ao , 0 cps 6.3v a-c 
•  

4  

used to generate unblanking pulses without 

rise time deterioration, for intensifying sine 

and cosine waves on a radar display.—J. 

McGruder, Square Wave Chopper, EEE, 10:12, 

p 26-27. 

510a 
1.1M 

+ 48v 

0.1 Aif 

221.4f 

0.1 ¡if 

V,,, _± 6v 

10 

0 v 1N967B 

— 18  r TIXS41 
SHUNT FET CHOPPER—Shunt connection of sil-

icon fet gives excellent performance because 

on resistance is only 20 ohms and drain-gate 

leakage current is less than 0.1 nanoamp.— 

Six More Semiconductor Advances from TI, 

(Texas Instruments ad), EEE, 14:8, p 120-121. 

EG 

LIGHT 
SOURCE 
VOLTAGE 

5-100 MEG Eo 

PHOTOCONDUCTIVE CHOPPER—Combines low 

noise level with resistance to vibration. R1 

prevents burnup of photocell. R2 gives maxi-

mum conversion efficiency at setting of about 

2.2 meg. Cl averages d-c input signal fluc-

tuations so they do not exceed 120-cps chop-

ping frequency of light source.—R. G. Seed, 

Chopper Uses New Photocells, Electronics, 31: 

21, p 90-98. 

+ 48v 

2N498 

Output 

10 K 

- 48v 

d-c power requirements 
with 10 K load 

Output +20v - 20 v 
+ Supply current 14 ma 6.4 ma 
- Supply current 12 ma 8.7 ma 

CHOPPER-STABILIZED D-C OPERATIONAL AM-

PLIFIER—Mechanical chopper amplifier ampli-

fies low-level d-c portion of input signal, for 

further amplification by stages that also am-
plify superimposed a-c information. Circuit 

has excellent d-c stability and wide band-

width. D-c gain is 120 db and gain at 10 

kc is 45 db.—Texas Instruments Inc., "Tran-

sistor Circuit Design," McGraw-Hill, N.Y., 

1963, p 195. 
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ERE, 

PRINTED-CIRCUIT CHOPPER—Uses convention-

al Bright chopper connected to reference sup-

ply through coupler, constructed on ceramic 

chip. Q1 and Q4 are 2N914 matched pairs, 

Q2 and Q3 are 2N2412, and 05 and Q6 are 

2N914. All diodes are 1N914.—D. D. Robin-

son, Application of Integrated Circuits: An 

Evolutionary Approach, EEE, 12:4, p 42-47. 

E • 50V 

T., AK 

(WI e.25)•AS 

NORMALLY-OFF GTO CHOPPER—Small trigger 

at input generates high-power pulse with 

duration determined by time constant R2-Cl. 

Gate-turnoff controlled rectifier in this circuit 

will chop 1 kw at 1 kc.—J. W. Motto, Jr., 

Switching Circuits Using the Gate Turnoff Con-

trolled Rectifier, EEE, 13:3, p 52-55. 

r , R1 
1 25K I 25K 

OCI5 

50 

0.1 

CHOPPER 

1 

60 CPS K. X I 

100K 100K 

I2CN5 

2,200K 

HYBRID D-C FEEDBACK AMPLIFIER—Used for 

calibrating a-c ammeters and voltmeters di-

rectly to standard cell. Use of tubes with 

Ty — 134 914417009 
Z —G-E 191771 
Zy —04 1111771 
Z3 —G-E 191773 

motor, is much less than off time so average 

motor voltage is low. Potentiometer R2 con-

trols ratio of on to off times for speed control. 

—"Silicon Controlled Rectifier Manual," Third 
Edition, General Electric Co., 1964, p 173. 

ARNOLD CHOPPERS A- 175 

111-2200,2W SCR, — 13-E C458 
R2-0 TO 100K POTENTIOMETER (TAPER ) SCR2—G-E 0358 
133-20K,I/29 Tr —PE 2229 

—33011,1/29 Ty—PE 2E29 

000v 
c2—o.ipt wov 
C3-0.22p1,100V 
C4-100A ,115VAC,11-E 28F1103 

EN — 0-E 192155 
Dy —13-E 927P 

03-0-E (95313(41 
01-0-E 292884 
02- 13-E 202647 

Ry 2100,29 
R. — 3300,1/29 
R 7 — MK,I/2W 
Re — 1000,1/29 

JONES CHOPPER FOR BATTERY-POWERED 

VEHICLE—Uses variable-frequency constant-

pulse-width system that starts reliably and 

provides smooth acceleration. At low speeds, 

on time of chopper, in series with d-c series 

DC 
VOLTAGE 
REF.I 

110V60'‘... 

CHICAGO STD 
P-8130 

MULTITRACE CRO DISPLAY—Allows simulta-

neous presentation of desired pulse and of 

limit voltage levels. Choppers operate 45. 

out of phase, which provides approximately 

2,000K 2,200K 

,000 

vvv  
50 4.7K 

TO SCOPE 
INPUT 

PULSE 
INPUT 

equal brightness for both parts of display.— 

D. F. Frost and R. M. Zilberstein, Multitrace 

Display Device, EEE, 10:8, p 27. 

1°. 1 47K 1900K 900K : 1,000k 1 

L 
_ a;-1 

•1 
L 

12 u7 

T I lTi 
1 (./ 1 0.11 

1 01 2 w2 

chopper amplifier gives good temperature sta-

bility. Output to thermocouple is 7.5 ma.—E. 

A. Gilbert, Feedback Circuits for A-C Instru-

2NI69 

2NI69 

22K 4.7K 

+36V 
500 

SV8I8 

td 
OUTPUT 

SV 808 

ment Calibration, Electronics, 33:40, p 94-96. 
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A-C OUTPUT 

P1 

0-C INPUT CL70 

OPTOELECTRONIC CHOPPER WITH NEONS-
Used with amplifier of sensitive potentiome-

ter recorder. Diodes D1 and D2 short-circuit 

SQUARE WAVE 
FIELD DRIVER 

14 

A-C 
OUT 

2N59 

• T es 
HALL-GENERATOR CHOPPER AMPLIFIER-D-c 

signal voltage to be chopped is applied as 

control current of Hall generator. Magnetic 

field for generator is pulsed at 60 cps by 
driver circuit. Output is pulsating d-c voltage 

that is product of the two inputs. Error in 
input d-c versus output a-c is 2.5% for tem-

perature range of -20 to 50°C. Can be used 

as d-c, a-c, or r-f microammeter.-T. J. Mar-

cus, Highly Sensitive Electronic Chopper, Elec-

tronics, 32:40, p 67-68. 

G4 

INPUT 

o  
FET AMPLIFIER WITH MECHANICAL CHOPPER 

-Gives readings down to 10 nanovolts, with 

TRS203 

,'ELECTROSTATIC 
SHIELD 

CLEAR PLASTIC 
RODS 

3CL 

lamps on alternate half-cycles. Photoelectric 

chopping eliminates stray interference from 

a-c line and minimizes heat dissipation prob-

R2 

9 Ill 

C1-0 25pf 

9,-20 r. 

I p 

P.-

O  

INPUT P 
20V 

50 rt 

E • 50V 

GTCR 
W524I 

OUTPUT 

Tp — 

(9 I s 254nS 

NORMALLY-ON GTO CHOPPER-Small trigger 
at input removes applied voltage from load 

for duration of time constant R2-Cl. Handles 
1 kw at 1 kc.-J. W. Motto, Jr., Switching 

Circuits Using the Gate Turnoff Controlled 

Rectifier, FEE, 13:3, p 52-55. 

GATE TURNOFF CHOPS 28 V AT 100 KC-Sat-

urable transformer and gate turnoff scr give 
simple 100-kc chopper in which potentiome-

ter R2 controls on-to-off timer.-D. R. Grafham, 
Now the Gate Turnoff Switch Speeds Up D-C 

Switching, Electronics, 37:12, p 64-71. 

R1 120 VOLTS 
3" 60 CYCLES 

lems.-W. Moore, Photoconductors Chop D-C 

Signal Levels, Electronics, 38:9, p 61-62. 

E + 250V SHUNT CIRCUIT 

OPTIONAL 

GATE-TURNOFF D-C CHOPPER-Will chop 1 

kw at 1 kc. Ratio of on time to off time can 

be adjusted to control power, voltage, tem-

perature, and other parameters. Shunt circuit 

allows larger currents to be chopped.-J. W. 

Motto, Jr., Switching Circuits Using the Gate 

Turnoff Controlled Rectifier, EFE, 13:3, p 52- 

55. 

2N2 386 51( 

IE*4— I( • 
.02 

2N2386 5K 2N2386 

- I I( • --- L I( e I E0 
02 5 

.02 

K I K 

 0--

wideband response, because of emarkably 
low noise performance. Chopper frequency 

Pm 

I K 

15 

5K 
'2 N2 386 

• 

I M 

I K 

OUTPUT 

can be up to 1,500 cps.-Ai pax Elect onics 

(ad), Electronics, 39:15, p 170 



CHAPTER 15 

Clock Circuits 

100K 

4711 220pf 

PERFORMANCE 
AMPLITUDE 25V RISE TIME 25 ns 

IMPEDANCE 5011 WIDTH 200 ns 
REP RATE 100kc FALL TIME 30 ns 

2N705 
02 

470 pi 

sil 

25-NSEC 0.5-AMP CLOCK PULSE GENERATOR 

—Used in computer circuits to set timing for 

array of circuits. Mvbr QI-Q2 triggers pulse 

10011 

1N4151 
5p.h 22011 

E RL 5011 

)0UTPUT 

)GE 2N2I93 04 

generator 03-Q4.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, p 202. 

R2 

100-KC CLOCK FOR COUNTER—Stable fixed-

frequency Pierce oscillator becomes transistor-

ized Clapp oscillator when crystal is replaced 

by high-Q L-C tuner.—W. D. Fryer, How to 

Design Low Cost Audio Filters, Electronics, 

32:15, p 68-70. 

SYSTEM 
5- MC OUT 
--• 

0.001 ---

s-- 160pp F 

.. 10K 
0.01 

 I(  

^  1 Opp F 

330 
pF q7K 

CRYSTAL 
OSC 200 
5654 

C1 3.35-22.5)4g 

0.001 

1 

L. 

50,u 1-1 

GEAR DRIVE 

0.01 

AGC 
AMP „, 
5654 

0.001 

50pH 

0.01 

0.001 

100 

100K 

0.01 

0.0E 

1,500 

lOppF 

AGC 
CET 
5726 

BUFFER 
27K 5654 

270 
0.001 

100K 

0.00i 
0.01 

50pH +150V 

POWER 15k 
AMP 
5654 

0.001 

0.01 
270 I I Ii5V 1  

A-C - 

IOK 

1,000 

0.001 
3,300 0.001 

POWER 
AMP  

I 5654 
0.01 

270 

100-200- CPS CONTROL 

FROM SERVO AMP 

100-CPS REF 

05_70  
r 

OUT TO 1 9  
SYNTH I 

0.01 

10 

3,300 

0.00T 

+150V 

0.01 0.001 

K 56 

GEAR DRIVE 

MI 
DRIVE 
MOT 

—0 

HIGH-FRED 
LIMIT 

DRIVE 
MOT 

ro 
DRIVE MOT N FROM 

FREQ CONT SW IN SERVO AMP 
LOW-FREQ 

LIMIT 

5-MC 
OUT TO 
R-F 
MULT 

C2 
242 
lijAr 

K X 1,000 

5-MC CRYSTAL FREQUENCY CONTROL—C1 

provides fine frequency control of 5-Mc pri-

mary frequency standard, when driven by 

100-cps control signal from cesium beam tube. 
This will change frequency up to 2.5 cps, 

sufficient for short-time drifts over several 
days. When Cl reaches either end of its 

range, cam closes SI or 52 and energizes 
drive motor MI for C2. Large capacitor is 

then driven in direction that will make small 

capacitor return to middle of its range.—W. 

A. Mainberger, Primary Frequency Standard 

Using Resonant Cesium, Electronics, 31:45, p 

80-85. 

109 
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18,18:100 

K.X 1,000 

5.IK 
•••20V 

166 

175:80 

68K 

2NI67 

-Jr -20V -20V 

z  

2NI67 

5.1K 

T° -20v 
CP 
GEN 

CLOCK PULSE PULSE AMPLIFIER-Generates clock 

pulses for driving all flip-flops in magnetic 

drum timing channel system, and generates 

digit square-wave signals used in Manchester 

conversion network of writing amplifier. Ex-

4150V 

0.1 

VIA 
51 

110K 

7-45 

50 141£ F 

420µ,IF 

IK 200k> 551 51 

-7.5V 

0.1 

0.01 

- 17 V 

R2 
5K 

10K 
  -10 V 

10p,µF ".7 100 p- p- F 

100 jap. F 

10-100_1f 
F 7-.C4 

L1 

V6 
6C4 

0.1 

120K 

100:10,10  

2NI67 

.0K 1.8K 3.3K 

.2EE1' 2E:2' - 

60,60:15,15 +1.5V 
2N167 

OSW 

6V 
+1,5V 

2N167 
OSW 

-6V 

150 150 
1.5 1.5 

-6V 

ternal signal generator provides desired fre-

quency for time track.-A. J. Strassman and 

R. E. Keeter, Clock Track Recorder For Mem-

ory Drum, Electronics, 32:41, p 74-76. 

20 kikiF 

1,500 0.01 
I 

50 la µ F 

0.01 

68074 

- 25V 

R6 51 

CATH FOL L 3 

R7 51 

FOLL 4 

25K 

OSCILLATOR 

MEGAPULSE GENERATOR-Provides up to 18- 

Mc pulses for dynamic testing of high-speed 

digital computers. Can be used as clocking 

system. Major frequency changes in self-

biased Hartley oscillator V6 are made with 

1100 

12 

1.2 K 

10K 

66074 

IK 500 

1.8K MEG 

BLOCKING OSC CHAIN 

R8 
1K 

0.01 

8-+ 

1.51< 

In, 

02 
2N834 

OUTPUT 
Op 
2N834 

CRYSTAL-CONTROLLED MVBR-Simplicity and 

stability make circuit useful as system clock. 

Will oscillate at 1 Mc over supply voltage 

range of 2 to 30 v. Output is rounded square 

wave, at any frequency from 3 kc to 10 Mc 
depending on crystal used.-J. Freeman, Crys-

tal Controlled Multivibrator, FEE, 13:6, p 65. 

68074 

25 1.8K 51 1 
MEG 

0.01  I ¶ 0.01 

10K 0,01 10K  

0.01 K . X 1,000 

ALL DIODES 715 G 

7.5 K 12 K 

EXT PULSE IN - + 20V I 

- 150V CATH FOLL 
plug-in coils Li, and fine changes with C4. 

Positive output pulses, continuously variable 

between 0 and 20 v, are generated in four 

output channels, in 10-microsec bursts or with 

0 to 10 microsec blanks between strings of 

0.01 

 1( I 

V8 

4374 

260 

1.3 K 

TRIG 

OUT 

+150V 

FEED 
THRU 

pulses when gated by pulse generator.-R. 

W. Buchanan and B. Kautz, Dynamic Testing 

of Computer Building Blocks, Electronics, 32: 

33, p 66-68. 
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B-4-

V, 5654 

4-MC MULTIPLIER 

5750 1-4,10 

y. 

TO 6-
MC 

M uir 

V, 5654 

900- KC MULTIPLIER 

CLOCK OUTPUT DRIVER— Driver transistor Q1 

is pulsed on at preset time, to supply drive 

current to gate of scr so it applies current to 

load. When scr fires, D1 is back-biased, re-

D —C 

200pF 

H 

17 Q 

*—R 

(fc-fr)LL) 

5654 
810 KC MULTPLIER 

 1 t. 
240 
.444a 

FROM 

STATIC 
TIMER 

MOM 
MC 
NUT 

'3 905ec 
tt MIX 

X I 000 

TO 
398 - XC 

SISO MIX 

1,990-KC MIXER 

2.76 

2NI132 

01 
R1 

150 

moving rectifier gate from driver output.— R. 

S. Reed, Rugged Arming-Fuzing Timer for 

Atomic Artillery Missile, Electronics, 34.38, p 

48-51. 

IN34G ( 4) 
L. 

200K 
VV 

14 
200K 

200K 

200K 
A A 

(fe — f, )/rr  

MOTOR-CONTROLLING MIXER—Used to lock 

crystal oscillator frequency to standard-fre-

quency signals from WWV. Circuit mixes 

clock and WWV frequencies (fed to tubes at 

left and right) in Nygaard discriminator ar-

rangement, which delivers two outputs, each 

equal to difference frequency but differing 90' 

2.76 

(2)IN762 

6 mF4 .//.. 390 IM 

01 0.02   

2N697 

22K 

 ID 

l'1 

T200pF 

+ D-C 

INPUT f, 

in phase. These output signals are amplified 

for synchronous motor that drives trimmer 

capacitor of crystal oscillator in servo loop 

that brings difference frequency to zero.— K. 

Nygaard, Atomic Clock Accuracy for Crystal 

Oscillators, Electronics, 33.46, p 82-83. 

22K 

8e3 
1N719 27K 

02   03 
2N697 2N697 

0.02 

CLOCK OSCILLATOR—Q1 and 02 form oscil-

lator section of time-base generator, and 03-

04 serve as pulse shaper. QI is grounded-

base voltage amplifier with tuned collector 

load. 02 matches impedance of Q1 collector 

04 
2N697 

OUTPUT 

1151 

circuit to rystal. Output amplitude is limited 

by zener diode D1.—R. S. Reed, Rugged Arm-

ing-Fuzing Timer for Atomic Artillery Missile, 

Electronics, 34:38, p 48-51. 

CESIUM CLOCK SYNTHESIZER—Crystal 5-Mc 

oscillator is monitored by natural resonance 

frequency of cesium (9,192.63184 Mc) to get 

primary frequency standard. Output signals 

are 100 kc and 1, 5, 10, and 100 Mc, with 

accuracy of one part in one billion. Starting 

with 5 Mc, 9,180 Mc is achieved as harmonic 

by direct multiplication. Remaining 12.631840 

Mc is obtained from 5-Mc source by frequency 

multiplication, division, and mixing. Circuit 

shows input section of synthesizer used for 

this purpose.—W. A. Mainberger, Primary Fre-

quency Standard Using Resonant Cesium, Elec-

tronics, 31:45, p 80-85. 

DI 

1N482 

2.76 

INC AND 
HARMONICS 

FROM 
FREQUENCY 
STANDARD 

LOAD POWER 
SOURCE 

SCR 

2N685 

SIMPLE WWV CHECK—Permits making accu-

rate check of local frequency standard quick-

ly and easily by direct comparison with WWV 

signals. Uses one receiver. Two signals, at 

0 and 180, are obtained from local standard 
clock. Switch 12AU7 alternately connects one 

triode detector output and 0' signal simulta-

neously to antenna, and then other triode de-

tector output simultaneously with 180 signal. 

Doppler error is minimized by averaging 

hourly 3-minute readings over 8-hour period. 

Accuracy is one part in 100,000,000.—J. F. 
Brumbach, Fast WWV Check of Frequency 

Standard, Electronics, 32:13, p 76-79. 
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CLOCK 
IN - 30V 

6.8K 

+ 30V 

VIA 

2 1 -.0 127 

0.005 39K 20uµµF 

+5v 

30K 

2.2K 22K 

2N52   2N54 

510K 820 

+30V 

51011 

2N524 2N524 

K X 1,000 

470 

2N540 
22K 470 

5.611 

MOTOR 

30V PHASE SYNCHRONIZER-Used to synchronize 

2,500-cps local time standard with that of 

transmitting end of wire-line system. When 

zero crossings of pulses do not coincide, er-

ror signal is produced which, after amplifica-

tion, is applied to motor that rotates phase 

shifter until there is phase synchronization 

between local clock and incoming information. 

This insures sampling of recovered informa-
+30V tion at middle of incoming bit.-J. L. Hollis, 

Sending Digital Data Over Narrow-Band 

Lines, Electronics, 32:23, p 72-74. 

30V 

+300V 

200 
I5K gir,F 

ilMEG 

20K 

1 0.5 

IV2 
-'6AS6 

TiN63 

-I8V 

+300V. 820 
-.0.5 •••••• N.v. 

20K 3.3K 
0.003 (2120K 

1 
MEG 

10K 

0.5 

1,000 
COUNTER 

100 
COUNTER 

10 
COUNTER 

M1LLISEC dièco--110MILLISEC 
SEC SEC 

)  

68K 5 / 
MEG 

6.8 MEG 

- 0.038 

100K 

D2 200 
IN63 µ,LF 

10  

-I8Vi =- 

47 100K 100K 

ADVANCE 

27µµF 

I5K 0.001 OUT 

VIB 
-I2AT7 
2 

— loovk 

I- SEC PERIOD 
200i.ce 

100K 120K 22K 

IN63 

I2K 

470K 

riNfu30,, =   
,000 CPS 1— "3 I2AT7 

1N63 

3MEG 

SETTING CLOCK TO WWV-Locally generated 
pulses can be easily synchronized with pulses 

from WWV to set clocks associated with fre-
quency standard. Changes in period of pulses 

from counter-type frequency dividers are 

100 
µ.µF 

e 2.2 
>MEG 

+150V 

5763 

_270 

T4g.F 

100/1e 
 )1-

4.7K 

0.01 0.01 

+150V   

56 
)LµF 10K 

270 

uF 
50 m 1,.? 

6807 

25K 

10 IMEG 

•  

FOUR-PHASE 12-MC CLOCK-To minimize rtter 

of synchronizing signals, fundamental fre-

quency is chosen at one-eighth of clock rate 

or 1.5 Mc. Oscillator output is fed through 

two doubler stages and split into three chan-

100 500 
AtiLF 'Le 

I.2K 10K 

39K 2MEG 

Vw.  
6.16 

made with precision vernier. Any 10-stable 

divider can be used in counter circuit.-E. F. 

Wilson, Using Divider Vernier to Synchronize 

Pulses, Electronics, 32:27, p 44-45. 

30-'-
2E26 F 

10K 

0.01 - 0.01 

150 
µµ.F 
5763,2 

- 0.01 

+300 

8.2K 

270 
(4,41,44F 

6807 680 

500 

82 I 
MEG K MEG 

5V 
CLOCK 
PULSE 

TO THREE 
OTHER CHANN-
ELS WITH DE-
LAYS OF 0.021, 
0.042 AND 0063 
AS BETWEEN 
T1 AND 12 

K X 1,000 

SYNC 

I.8K 

500 
µµF) 

500 

181 

nels, each having additional doubler followed 

by power amplifier, to provide low output 

impedance at any reasonable power level.-

G. O. Olson, Design of High-Frequency Clock 

Pulse Generators, Electronics, 32:35, p 56-57. 

I 0 O CLOCK 

,A f-A r-Lir J\-C 

PULSE 
OUT 2.4K --1.142.71 31.- 

64 

—.4271 37 I.— 
B 

Fi-io 

TIME SHOWN IS IN g SEC 
+150V 

READING 
HEAD 

9V 

CLOCK PULSE GENERATOR-Derives pulse from 

reading head that scans data track of mag-

netic-spoke disk memory, eliminating need for 

separate timing track. Generates pulse for 

each magnetic spoke passing over gap of 

head, regardless of whether spoke is written 

with 1 or 0.-T. C. Chen and O. B. Strom, 

Digital Memory System Keeps Circuits Simple, 

Electronics, 32:11, p 130-133. 

(2) 
T6 

820 

-55V 

I5V 

K.X 1,000 

+250V 

150 27K 

12AT7 

V16 

100K 

2 MH 

0.001 I2K 

4K 

CLOCK PULSES 

809.11-KC CLOCK OSCILLATOR-Crystal-con-

trolled oscillator VIA and shaping circuit V1B 

produce pulses with repetition rate equal to 

frequency of crystal oscillator.-H. Vantine Jr. 

and E. C. Johnson, Modified Transceivers 

Compute Distance, Electronics, 31:37, p 94-98. 
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+12 V 

7Ft' 

25-500 

R2 600 
010 10K 

-6V 

SYNC 
INPUT 

1000p1 

R7 

10K 

-6V 

SYNCHRONIZING 3.3-MC CLOCK TO 300-PPS 

TRIGGER—Synchronizes crystal-controlled train 

of 3.3-Mc clock pulses to unrelated sync trig-

having nominal repetition rate of 300 ger 

ac 
CMA> 

LU 

CHECK 
CAP 
0.001,5 

MASTEN-
CLOCK 
CORRECTION 

SIDEREAL REGENERATIVE OSCILLATOR—Com-

pares synchronous clock motor speed at 30-

sec intervals with pendulum-driven master 

sidereal-time clock. Motor runs slightly faster 

than sidereal time. If too fast at checking 

time, check capacitor at input of VI is closed 

1,500 1 
pF 

1.34 _ 
VOLT I 

7: 

0.9mA 

250 

I 
360 

10= 

100 

100 

C2 
2-I3pF 

«e' 240 

300 

100 

TUNNEL DIODES 
0.5 mA UNITS 

R6 
26 

Re 

SIGNAL 
OUTPuT 

-6V 

pulses per second, to provide constant delay 

between end of sync pulse and first clock 

pulse.— P. Danzer, Synchronized, Crystal-Con-

trolled Oscillator, EEE, 12:5, p 90. 

SEC RESOLVER AMP 
MASTER CLOCK 

/ 84 
RESOLVERS 1K 82O 

1k 1 4 

STN 
CLOCK 
MOT 

K,-XI,000 15K 5K - I8K =-

to reduce frequency of oscillation and speed 

of motor to bring it back into coincidence 

with master.—C. N. Kingston, Radio Telescope 

Sees 2 Billion Light Years, Electronics, 31:23, 

p 70-75. 

C3 
0.7-4.5 

pF 

PISTON 
TUNER 

ELECTRONIC CHRONOMETER—Trimmers permit 

adjusting timing by a few seconds per year. 

Major error is due to aging of quartz crystal. 

Tunnel diodes divide 100-kc crystal frequency 

1- 6,000pF 

25- 50 
mH 

X-10 
100-250 

1,000pF 

1,000pF 
WHITE 

0.25 

MOTOR 
WINDING 

2.5mH I 
ADJUST R FOR 
COLLECTOR CURRENT 
OF 0.5 m A WHILE 
MOTOR IS RUNNING 

by 2,000 to give 50-cps output for driving 

motor of clock.—R. L. Watters, Tunnel Diodes 

Control Quartz-Crystal Chronometer, Electron-

ics, 34:39, p 129-131. 

2N336 

4150V 
i 0.1   

0.066 .7 
µSEC DELAY 

o 

9-16,e -1_2 47 µF.F K 

6A05 0.01 

10 

1 6.01 390 
j0.01 -50V 

50K 

- r-
CLOCK 
PULSE 

0.01 3 

CLOCK 
PULSE 2 
0.033 AS 
DELAY 
CLOCK 
PULSE 1 
NO DELAY 

cl 
10-MC CLOCK OSC LLATOR—Output through 

cathode follower is split into three channels 

(two are not shown) to get clock pulses at 

three phases.—G. O. Olson, Design of High-

Frequency Clock Pulse Generators, Electronics, 

32:35, p 56-57. 

100,14 •  
0.01 51 51 

FROM +150V 
GRID V6 

OF FIG. 1 

+150V 0.01 

25K 

25K 

100717 

TO CATH-
FOLL 
DRIVER I 

0.01 

0.01 

100K 

TO CATH-
FOLL 
DRIVER 2 

100K 

TO CATH-
FOLL 
DRIVER 3 

THREE-PHASE 10-MC CLOCK—Used in digital 

computer circuit testing when recirculation of 

pulses and pulse regeneration and shaping 

are required. Delay line provides required 

impedance match.—R. W. Buchanan and B. 

Kautz, Dynamic Testing of Computer Building 

Blocks, Electronics, 32:33, p 66-68. 

INPUT 

0.01 

8+ ZERO COUNT OUTPUT 

2.7K 02 
SW5 

33K 

CLOCK RING COUNTER—Switching element is 

silicon controlled switch that approximates 

flip-flop, turning on when low-level positive 

pulse is applied to its base, and remaining 

or( until turned off by negative pulse. Used 

as memory device to retain registered count 

until next input pulse makes bit transfer to 

following stage.—R. S. Reed, Rugged Arming-

Fuzing Timer for Atomic Artillery Missile, Elec-

tronics, 34:38, p 48-51. 



CHAPTER 16 

Comparator Circuits 

.-28V 

INPUT 

SOLAR 
CELL 
55C 

26K 

CALIBRATE 

R2 

C2 
ta,FI 

+12V 

Cj 
22 

R2 
243 

C3+1 R5 
22 T. 20K 

TO BASE OF 01 
OF NEXT CHANNEL 

04 

TRIGGER --)1  

R4 
1.0 K 

+12V 

C6 
22 

04 

2,1417 

21V 

-12V 

4,700 

+12 V 

R13 
5.9K 

R14 
300 

C7 

—12V 1 2 2 

I5K 

02 
2N4I4 

Q2 
2N4I7 

R9 R12 —12V 
23.4 23.4K 

4-C4 

1-1° 
, 

T10 ito9 
RFB 
20 K 
 Wv  

122 

-12 V 

05 
2N404 7.• 

OUTPUT 

R15 
5.9K 

Ria 
100 

150 
R20 

03 
211417 

R21 
9.76K 

4 

22 
300 

-12V 

NOTE: UNLESS OTHERWISE NOTED, ALL RESISTANCE VALUES ARE IN OHMS, 
AND ALL CAPACITANCE VALUES ARE IN MICROFARADS 

+12 

R23 
1K 

R2a 
100 

-12V 

R25 
100 

R2 
3.3 K 

4-12V 

COMPARATOR FOR SOLID-STATE DIGITAL 

VOLTMETER-Circuit determines when output 

of ramp generator crosses 0 y and crosses 
unknown voltage. Transistor Q5 isolates mono 
QI-Q2 from output logic. Transistors Q3 and 
Q4 provide constant current for charging Cl 
linearly to produce high-accuracy ramp.-R. 

C. Weinberg, Modified Ramp Generator De-

velops High D-C Input Impedance, Electronics, 
37:8, p 33-35. 

+6V 

R26 
2K 

--I( )1' 
C13 C14 
0.47 0.47 

R27 R28 
3.9K 3.9K 

Ci5 
10 

-12V 

TO EMITTER 2.21K 
06 OF NEXT OF 
CHANNEL .12y 

+12V 

4132 

1K 

05 

R33 
100 

-12V 

R34 
300 

03 

OUTPUT 

—C15 
0.47 

R35 
1K 

R31 

CHARACTER READER-Circuit shows one chan- of switching block for experimental character System Detects 1% Amplitude Difference, Elec. 
nel of solar-cell signal amplifier and section recognition system.-P. H. Howard, Feedback tronics, 38:10, p 68-70. 
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0! 
2N96 

0.1— 

Ri IN 645 

10 K 

10 K 

0.005 

3V 

10K,2mA 
RELAY 

04 +25V 
2N1132 

R6 
220 

CI 
20 

03 
2N6 9 7 

PULSE ANALYZER-Either positive or negative uring pulse height of either polarity. Re- negative pulses.-0. B. bug, Pulse Voltage 
pulses equal to or greater than adjustable sponds to pulse widths as narrow as 50 nsec. Comparator Measures Height of Positive or 
threshold voltage operate relay, thus meas- QI responds to positive pulses, and Q2 to Negative Pulses, Electronics, 34:36, p 70-71. 

D-C INPUT 
FROM 
REFERENCE 

(VR) 

D-C INPUT 
FROM 
CONTROLLED 
OUTPUT (V0 ) 

COMPARATOR CHOPPER 

R1 

1K 

01 

3N87 

JAMES MBB 

A-C AMPLIFIER 

OUTPUT 
TO D-C 
AMPLIFIER 

09 

3N87 

SYNCHRONOUS 
DEMODULATOR 

+24V CHOPPER DR IVE OSC ILLATOR 
C2 C4 

R40 0.0033 0.0033 

CHOPPER TRANSISTORS SIMULATE SPDT signal while drawing very little current from 
SWITCH-Comparator chopper senses differ- reference. Sine-wave drive frequency is de-
ence between reference voltage and control termined by C2 and C3, which should have 

2 to I ratio.-J. S. Mac Dougall, Servo Com-
parator Amplifier Handles High Voltages, 
Electronics, 37:22, p 75-76. 
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+ 

o. 

&al 

o o 

INVERTED 
LINE SIGNAL 

RECEIVE 
LINE 
RELAY 

3.6K 3.6K 

K • X 1.000 

471 

5.6 

22V +45V soiEE• 

I8K 0.001 GATE 56K IK  

•••.  3.6K 
6,800 3 240 

2N385 2N507 
Ilk 

-6V -6V 2N327 

+ 22v 

04 -) 

Q2 

;56K 

-6V 2N 385 

+45V 
500K 1 SWEEP D- C AMPL 

33K I3K 

0005 
i80 
K I6K 680 

05 Q6 
2NI17 2N117  2N342 

35K i - 6V e,39K 

22 1/2V -22 1/2V 

3,300 
2,700 

07 

START- STOP 
FLIP-FLOP 

+22 I/2V 

22 1/2 V 
WORD RgTE . 

AmPL INVERTER 
o 

I5K 

33K I3K 
0.005 

680 

al? 
2N1l7 
39k - 6V 

3,300 
2,700 

39K 

-22 /2V 

RECEIVING DISTRIBUTOR-Converts tape-code 

input to 5-bit parallel code at five conven-

tional flip-flops. Rising sweep voltage succes-

sively triggers six comparator stages. If line 

220 

2N2412 

1N758 
COMPARATOR 

2N744 
02 

ACTUATE 
  P0ULSE 

L 

2N744 
03 

2N744 
O. 

:I.5K 

0 
2N342 

I5K 

+ 22 1/2 V COMPARATOR 0 

05 
2N1I7 

iNI98 351 
CT 

2 MEG 
W.  

s. 

101 
0.002 

18K 

2,700 
4,700 15K 1,500 

1201 a•ai 
I2K 

I6K 

0 40 

01 1 

+22 1/2 V 

to 

aI2 
2N507 

10K 

1N198 - 6V 

330 

013 
2N385 
4,700 
-e•  6V 

-6V +22 1/2V 

COMP  I  

-22 1/2V 

oe 
2N1I7 20V 

SWEEP 
47K 

-22 1/2 V — 1  

3. I 

;   

e e , - r  

, e 
- • • 

REFERENCE VOLTAGE 
DIVIDERS 

VI 3.6K 
' 

+22 1/2 V 

1 
014 IK 

2N335 

• 

I SET IRESET 

V    

V3  /  
2421442-21 //22V: RSEE ST RESETE T 

2  

36  

 4y4 CO4M P • t3 
4 36K SET 

+ 22 1/ 2 %/ à 
CCO4M: t 154 

5 r• 3.6K + 22 1/2 V) RESET 

„.  

0m 

I 3.6K SET  

FLIP-
FLOP I 

COMP 
2 

V5   

V6 
COMP 116  10 DIODES 
6 INI98 

signal is positive at tr.ggering time, flip-flop 

corresponding to triggered comparator is set 

to its one state. Used in high-speed electro-

static printer in which each of 72 print heads 

220 

2N24I2 

05 

STORAGE D4 

CAPACITOR 

100p1 2000p1 
 K ) 

100 

WAVEFORM 
INPUT 

[20 

INGO° 

660 -L 

D5 

2N744 

47K 
w. 

FD300 

IN9164 

F0300 

220 

200 — 

RESET 

SET 

FLIP-
FLOP 
2 

FLIP-
FLOP 
3 

FLIP 
FLOP 
4 

FLIP-
FLOP 
5 

PARALLEL CODE 

OUTPUT TO DECODER 

has 35 print pins.-R. E. West, High-Speed 

Readout for Data Processing, Electronics, 32: 

22, p 83-85. 

FSP401 

20 

• 10,.5 

470 

READOUT 
02 BUFFER 

2N744 05 

+14V 

 ()OUTPUT 

iN754 

2.2K 

20 

CAPACITOR-STORAGE FEEDBACK BOXCAR-

Improves accuracy of radar boxcar without 

sacrifice in speed, by using feedback princi-

ples to overcome instabilities in d-c offset 

voltages. Feedback forces boxcar output to 

equal input voltage during sampling, so in-

ternal d-c offsets and instabilities longer than 

one storage interval are inconsequential. Box-

car input goes to one terminal of difference 

amplifier, and boxcar output goes to other 

terminal. Difference amplifier output is then 

used to control capacitor charge. By gating 

on difference amplifier during sampling in-

terval, boxcar output is made equal to value 

10,,f 

14 V 

of waveform at that time.-P. E. Harris and 

B. E. Simmons, DC Accuracy in a Fast Boxcar 

Circuit Via a Comparator, IEEE Transactions 
on Electronic Computers, June 1964, p 285-

288. 
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-10V 

INCOMING 
SIGNAL 

IK 
1K 

TIM NG 
PULSE 

TUNNEL-DIODE VOLTAGE COMPARATOR-

When incoming signal exceeds predetermined 
level, pulse with predetermined amplitude ap-
pears at output.-T. Kojima and M. Watanabe, 
When You're Second, You Try Harder, Elec-

tronics, 38:25, p 81-89. 

2N338 

2.80K 

COMPARATOR 

C 
16.2K 

0 10 
)2NI613 

STABILIZED LOW-FREQUENCY OSCILLATOR-

Transistors Q1 and Q4 compare charging volt-

ages of mvbr timing capacitors Cl and C2 to 
fixed reference voltage. When a capacitor 
voltage is greater than reference voltage, its 

2N338 

16V I 

SENSITIVITY 
ADJUST 

VOLTAGE R3 
DIFFERENTIAL IK 
50 TO 150 n• 

±6V 1 

'31,02.C/3 ,06 ' 2Ne 3 
04 ,0, •2NI259 

R6 ,R THERMAL RESISTOR 
X51.2 X AT 25C 

EXTERNAL 
RELAY 
71( 

0 • 
TOGO 
NO GO' 
INDICATOR 

DIFFERENTIAL VOLTAGE COMPARATOR-If the 

two input signals are within preset differen-
tial voltage, relay is not actuated and GO in-

dicator comes on. When the two signals differ 
too much, relay is actuated and NO-GO in-

dication is provided. Used in comparing te-
lemetered data received from satellite vehicle. 
-P. A. Walter, Differential Voltage Compara-

tor, EEE, 10:8, p 24-25. 

AMPLIFIER 

10K 10K 

2N338 

IK 75K 

R2 
475K 

BI- STABLE 

10K 200pF 

68K 

07 
2N338 

2N338 

---1H-
200pF 

DUMP TRANSISTORS 

comparator switches its bistable mvbr to op-

posite state, so capacitor is discharged by 
dump transistor. Arrangement makes output 
frequency essentially independent of temper-

ature from -25°C to + 75 °C, for frequency 

COMPARATOR 

I6K I5K 

2N338 

05 ( 

2NI613 

*TEMPERATURE STABLE RESISTORS 

range of 0.01 to 100,000 cps.-J. D. Long, 
Novel Differential Amplifier Stabilizes Multi-

vibrator, Electronics, 35:24, p 53-54. 
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INPUT 

INPUT 
2 

0.0001 

+28V 

THRESHOLD MAO 
AMPL 

TJ-20A x SV8I5 

TJ-20A 

OUTPUT 
TO ALARM 

AND 
AUTOPILOT 
ENGAGE 

AUTOPILOT COMPARATOR-ALARM—Activates indicating malfunction.— C. W. McWilliams, 

alarm or disengages autopilot when signals Designing Safety Into Automatic Pilot Sys-

from dual accelerometers differ appreciably, tems, Electronics, 31:45, p 69-71. 

CONTROL AMPLIFIER— Converts output of 20-

kc chopper to d-c error signal. Amplifier 

output is rectified by diodes rather than de-

modulated, since polarity of error is of no 

concern.—J. W. Higginbotham and H. H. Doug-

lass, Voltage Comparator with High-Speed 

Switches, Electronics, 32:5, p 56-58. 

CASE I 
PULSES 
NOT 

OVERLAPPING 

CHANNEL 
A INPUT 

CHANNEL 

B INPUT 

02 
OUTPUT 

04 
OUTPUT 

COUNT 
CHANNEL 

INHIBIT 
CHANNEL 

a2 
BASE 

04 
BASE 

CASE 2 
PULSES 
PARTLY 
OVERLAP 
A OCCURS 
FIRST 

I II 
1 

CASE 3 
A 

COMPLETELY 
OVERLAPS 

I I 1 
PULSE COINCIDENCE DETECTOR— Detects co-

incidences between pulses of random length 

and spacing occurring in two separate chan-

II 

CASE 4 
PULSES 
PARTLY 
OVERLAP 
B OCCURS 
FIRST 

1 I 

INPUT 

14157 3,900 

+28V 

TWO-STAGE SWITCH— D-c output from carrier 

amplifier trigge s switch consisting of two-

stage complementary-coupled nonlinear am-

plifier, with zener diode in series with input 

to minimize drift, when difference between 

two d-c voltages exceeds preset threshold 

voltages of as little as 100 microvolts for only 

300 microsec. Can handle 2 amp. RI is 

100,000 ohms and R2 is 100 ohms.—J. W. Hig-

ginbotham and H. H. Douglass, Voltage Com-

parator with High-Speed Switches, Electronics, 

32.5, p 56-58. 

e 4.7K K X 1,000 

20-KC CHOPPER—Square-loop-core oscillator 

drives chopper at up to 20 kc for continu-

ously monitoring two d-c voltages.— J. W. 

Higginbotham and H. H. Douglass, Voltage 

Comparator with High-Speed Switches, Elec-

tronics, 32.5, p 56-58. 

Pulse Overlap, Electronics, 35:26, p 82. nels, to permit counting only pulses that do 

not overlap.— K. R. Whittington and G. Rob-

son, Novel Anticoincidence Circuit Detects 
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+20V +6V ( SETS " UNDER" LIMIT) 

R4 
22K 

INPUT 
FROM 
CONVERTER 

R5 

22K 10K 

D6 
02 1N645 
2N1443 

04 

1N645 

D5 5.6K 

1N645 

R7 

12V ZENER 
(SETS "OVER" 
LIMIT) 

+20V 

R9 

5K 

OUTPUT 

03 
2N930A 

-20V OUTPUT AMPLIFIER 

VOLTAGE-LEVEL MONITOR-Over-or-under cir-
cuit provides output signal when d-c input 
voltage is over 12 y or under 6 v, for moni-
toring or alarm purposes, with no output dur-
ing desired on condition.-M. Merlen and D. 
Grossman, Interrogator Circuit Can Tell Good 
Data from Bad, Electronics, 37:20, p 58-59. 

INPUT A 
2N593 

INPUT El 

D2 
> 

••• 220 220> 

1 .g> 

2.2 K 

BILATERAL-TRANSISTOR COMPARATOR—Used 
as voltage comparator by connecting one in-
put to some reference level and allowing sec-
ond input to vary. Can also serve as digital 

comparator in digital computer, to ascertain 
when two numbers become equal. Output 
drops to zero when numbers in digital form 
are equal.-Comparator Uses Bilateral Tran-
sistor, "Electronic Circuit Design Handbook," 
Mactier Pub. Corp., N.Y., p 91. 

VIDEO 
INPUT 1 

VIDEO 
INPUT 2 

95 

iR2 
95 

Vrt, 

V8 

CLARE 
HG2A-1002e 2N699 

HIGH 

UNKNOWN - 

VOLTAGE Li ll 

STANDARD 

VOLTAGE 

CLARE 

HG2A-1002 

CLARE 
HG2A-1002 

SI 
OFF 

I +45 V 
ON 

+22.5 V 

2N6516 

• 

LOW 

BURGESS 5308 

GO-NO-GO VOLTAGE COMPARATOR-Un-
known voltage is compared to standard volt-

age within preset voltage limits. Circuit is 
sensitive enough to detect 0.5 y difference.-

Transistor Go-No-Go Voltage Comparator, 

"Electronic Circuit Design Handbook," Mactier 
Pub. Corp., N.Y., p 87. 

AMPLITUDE COMPARATOR-Uses minimum-
hysteresis Schmitt trigger (30 my hysteresis) 

to compare voltage at input B with that at 

input A. Can also be used as variable Schmitt 
trigger in which input B determines trigger 

voltage.-M. A. Smither and W. E. Zrubek, 
Variable Schmitt, Amplitude Comparator, EEE, 
14:7, p 106. 

+8V 

I -) l+ 4 

3.3µF 

VIDEO SELECTOR-Selects largest of several 
positive-going video signals as positive-going 

Q2 
2N1308 

-8V 

-8V 

IL 
C2 
3.3/ÁF 

R7 

619 

R6 

147 

8V 

output to 95-ohm load. Circuit gain is about 
3 db.-A. E. Popodi, Reliable Repertoire Of 

R8 

750 

Neg. pulses 
from amplifier 
through gate 

Pos. pulses 
from A 

OC 201 

9V 

Out 

Out 

PULSE COMPARATOR FOR TAPE READER-With 
hole in front of photocell, negative pulse into 
comparator is much larger than positive drive 

pulse obtained from GaAs lamp circuit, and 
comparator delivers negative output pulse. 
With no hole and no negative pulse, compa-
rator output is positive but same magnitude, 

because amplifier negative pulses are twice 
as large as positive input pulses.-R. F. Broom 

and C. Hilsum, Diode Lamp Makes Tape Read-
ers Faster, Electronics, 36:20, p 44-45. 

+ 8V 

R10 
C3 511 

R4 I120pF 
1.47K R5 

464 

R12 

33 

05 

2N1893 

R11 

750 

-8V 

VIDEO 
OUTPUT 

Display Circuits, Electronics, 38:2, p 60-66. 



CHAPTER 17 

Computer Circuits 

ASIATIC 
LOOP 
INPUT 

PV I 2 6V 

RECIPROCAL CIRCUIT— Output is inversely 

proportional to input. Article gives design 

procedure based on use of diodes, resistors, 

and d-c voltage supplies.—A. Gill, Procedure 

THIN-FILM MEMORY READOUT—High gain am- Webe , Electrical Readout from Thin Ferro- for Designing Reciprocal Computer Circuits, 

plifier has gain of 65 db and produces sat- magnetic Films, Electronics, 33:31, p 100-102. Electronics, 33.21, p 92-93. 

urated output for cro.—S. Feinstein and H. J. 

680 

y - I 

AND VA VA 

I K 
—W,̂  

I K 

IK 

39K 3.9K 

150 150 

3.9K 3.9K 

150 150 
560 1K 

3,6K 

160 

mAOR .Ç117 

470 VA 

5.6K 
470 160 

470 F AND 

EXCL 
OR 

3.9K 3.9K 

C1-.1 

TH R.2 - NOT 

V8 

6.2K 

IK 

680 

AND 

8 

6.2K 

THR.2 
LS 

Vc 

4.3K 

IK 

AND AND 

VC 

6.8K 

X, 

AND 

VC 

6.2 K 

Yi 

AND 

V c 

s!;.6K 

AND 

ARITHMETIC CELL— Uses 27 resistively-coupled pulse supply. Repetition rate is 1 Mc.—T. eration, Electronics, 33:5, p 55-59. 

tunnel diodes, powered from three-phase Maguire, Computers Head for 1,000-Mc Op-

120 
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-10V 

6200 F 

CLOCK  
bEN 3.3K 

:n Ln 

620 

-8V 

-30V 

33K 

-2v 
-10v 
GATING  
LOGIC 

06385 

620epr 

3.3K 

-30V +20V -8V 
11 470 1500 

o, 5 stow 04e390 
2N 317p- H1-28311113.- 

2N3l7 
05 

DR385 IED-R-385\ 

DR 
385 

OR 
385 
8.1 

I.5K 
+20V 

22K 

-10V +20V -I0V - 2V 

CLOCK GATE—Provides effective gating with 

negligible insertion loss. Used as part of 

clock driver for developing and testing large 

Il 17-12 

5K 

ADDRESS -• 

READ -n,- 
CLOCK -I L 

n-

INFORMATION 

14 

I.5K 

- 

+12 + 2.5 
03 

-2 

WORD DRIVER 

OUTPuT 
220 

-10V 0.4 SEC 

digital computers.—S. Schoen, Transistors Pro-

vide Computer Clock Signals, Electronics, 32:9, 

p 70-72. 

-10 

I ®' 
- - +12-

2N3Il 01 
(1+1) 

CARRY OUTPUT 

IK 

10+01 
NO OUTPUT 

2N311 SUM 
04 OUTPUT 

(0+11 
OR 

(1+0/ 

HALF-ADDER—Uses four-point matrix of pnp 

junction switching transistors, with bases and 

emitters cross-connected. Input A can be 

switched to base of Q1 or Q2. Input B can 

be switched between two alternate sets of 

emitters. For any input switch position, only 

one transistor is conducting.—F. B. Maynard, 

Half-Adders Drive Simultaneous Computer, 

Electronics, 31:29, p 80-82. 

DRIVE FOR THIN-FILM MEMORY—Has single 

pulse output when input blocking oscillator 
is triggered by single positive-going pulse, 

for driving film alternately from one rema-

nence to another in astatic loop.—S. Feinstein 

and H. J. Weber, Electrical Reudout from Thin 

Ferromagnetic Films, Electronics, 33:31, p 

100-102. 

HO — 
I MEMORY I 

MATRIX 
DIGIT 

L DRIVER 

MEMORY DRIVER AND READOUT AMPLIFIER— 5 Mc.—S. Takahashi and O. Ishii, High-Speed 

Used with tunnel-diode memory operating at Memory Uses Tunnel Diode Circuit, Electronics, 

34:42, p 66-68. 

5A 03.4,5,0111 :F21.R:0 0 

06,7.10 2SA62 
Q99 2SA230 

C11,,05.n : IN60 
02 .3 . M447 

D6,7.9n 010,11,12 . M8462 
D9 . RD114 



122 SOURCEBOOK OF ELECTRONIC CIRCUITS 

150 pF 

IN FROM 

INVERTER I K 

ALL 46.8K 
TRANSISTORS 
2N4Il 

08 

+4 

-11) 
330 6 

BLK 
OSCI 150V 
PULSE i.ck. 0 t 10K 

2NI67 

0.002 
470 

K. X1,000 

_Azt_r 
6V 

x. 

MATRIX READOUT-Used READOUT-Used for data reduction 

in telephone traffic data recorder system to 
permit recording all information on a call as 

one entry. Coincidence circuit QI-Q2 pro-

vides reliable sensing of matrix output in 

-12V 

-12V 

2N1305 

o 
ut 

f.< 

cco 

G.E.330 
TRACE — 
ENABLED - 

22 

2N1305 

2N1305 

+12V - 12V 

INHIBIT 
TRACE 

MANUAL 

ONE SHOT LIGHT DRIVER 

2N404 

REPETITION 
Ri NTE 

C 
01 )1)60 

ALL DIODES ARE 1N252 

ALL RESISTANCES ARE K 103 OHMS 

ALL CAPACITANCES ARE IN gF 

015 

330 4 

Oil 
EACH OUT 

OU' cl GOES TO 
19 GATING 

OUT , STAGES 

+50v. 

K2 

-t 
PUNCH 
MAC 

05 

204A 

presence of noise generated by rotary switches 

and relays.-J. W. Blanchard, E. C. Bellee, 

and J. Smith, Ferrite Memories Simplify Tele-

phone Data Analysis, Electronics, 32:41, p 
68-70. 

2.7 -12V 

50 50 

+12V 

TEST OSCILLATOR 

-3 5 V 

TIME-SHARED TROUBLESHOOTER SCO-PE-Os- trouble in faulty section of time-sharing corn-

cilloscope modifications shown permit cam- puter while users continue working with 

puter to control cro display for diagnosing computer.-J. T. Quatse, Time-Shared Trouble-

-3.5V + 12V 

-3.5V 

MAN. 

TRUE— — 

09 
2N1305 +12V 

DUAL 

ALL DIODES 
HD2220 

-8V +2.5V DATA 
IN 

MEMORY STROBING-PULSE GATE-Used in 
generating precisely defined strobes for co-

incident-current memory. Uses drive-sampling 

core instead of clock signal to produce strobe 

at time when signal-to-noise ratio is highest. 

-A. H. Ashley and E. U. Cahier, Solving Noise 

Problems in Digital Computer Memories, Elec-
tronics, 33:13, p 72-74. 

INF1 BIT 
SIGNAL 

INHIBIT DRIVER-Used in coincident-current 

digital data buffer memory.-D. Haagens, 

Compact Memories Have Flexible Capacities, 

Electronics, 32:40, p 50-53. 

3 
-12V 

3 22 
CATHODE 
BLANK 

07 
2N404 

2N404 

50 - 

Q5 
2111226 

INTERFACE CIRCUITS 

PURPOSE FLIP-FLOP 

shooter Repairs Computers 

¡cc, 39:2, p 97-101. 

°IQ 
2N1305 

-12V 

-12V 

TRIGGER 
INHIBIT 

+12V 

.2 -12V 

G.E.330 
INTERRUPTS 

ENABLED 

5.1 

FALSE +12V 

QII 
2N1305 

On-Line, Electron-
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FULL ADDER—Made by joining two half-

adders. Push-pull inverting amplifiers serve 

as switches to provide completely automatic 

operation. Carry from full adder can derive 

from either half-section but never both. No 

inhibitor signal is required to suppress un-

wanted sum signal.—F. B. Maynard, Half-

Adders Drive Simultaneous Computer, Elec-

tronics, 31:29, p 80-82. 

390 
9V 

3.3K 
-24V 

150 
-3V 

1 22 

pF 

L-5447 

PULSE INPUT 
-1.7 V, 10 NANOSEC 

GATE 
LEVEL 
INPUT 
0,-1.8 V 

ENABLING 
SIGNAL 

+7.5V  ifOV 

Ql e 
2N247 

0.5 

1.3 K 

33pF m  

1-544 

INPUT A 

INPUT B 

INPUT C 

j.._._ 37- PULSE OUTPUT 
OHM -1.7 V, 
LOAD 10 NANOSEC IL 

MIXING 

TRANSISTOR PULSE MIXING 
POINT 

PULSE 
TRANSISTOR 

75 5IpF 

L-5447 

33pF 

+ 2.5v 

62K 

02 
TR827 

+I5V 

HD2220 

—22V 

LEVEL MIXING 
POINT _ _ 

270 
LEVEL 
TRANSISTOR 

3.3K 
+3 

1*--" 15 
8V 0 

SENSE 
OUT 

K 1,000 

BUFFER MEMORY SENSE AMPLIFIER—Uses 

coincident-current technique. Full-wave recti-

fier is required at secondary of transformer 

because sense output can be of either polar-

ity. Enabling signal turns on sense amplifier, 

to permit discrimination between memory core 

outputs during unload and load cycles.— D. 

Haagens, Compact Memories Have Flexible 

Capacities, Electronics, 32:40, p 50-53. 

HI-
o 

3.3K 
+3 

+3 

INPUT 
3.3K 

+3 —̂ A^e— 2N501 
15 

+3 

-3 

4.7 k, H 

+ 3 

300 

300 

9 V 

IK CARRY 
OUTPUT 

GATE AND MIXER FOR 10-NSEC PULSES—Used 

in 50-rnegapulse computer. Propagation de-

lay time of circuit is only 4.5 nsec. Transis-

tors may also be 2N769 or 2N976.—K. H. 

Konkle and J. E. Laynor, Key to Faster Com-

puters: Ten-Nanosecond Amplifier, Electronics, 

35:50, p 39-41. 

2NI495 
02 

3.6K 

+3 

2N501 
06 

3.3K 

15 

THIN-FILM MEMORY DRIVER—Generates l-

amp pulses with 35.nsec rise and fall times, 

at rates up to 1 Mc, for driving 2,560-bit 

memory plane using 2,000-angstrom nickel-

-13.5 H 

10µH 2N1253 

03 
220 360 

4.7 p.H 

2NI253 
300 07 

2eLF 620 

470 
+3 — 13.5 

2 NI2 53 

—12 

+ 3 

I0gH 

—12 

220 
360 

K . X1,000 

TO 
0100E MATRIX 

CT 309 * 

THIN FLI 
FILM y 
WORD 
LINE 

TO 
DIODE 
MATRIX 

08 

2NI495 

09 
2NI495 

•.= 
iron films.—E. E. Bittmann, Thin Magnetic Film 

Memories for High-Speed Computers, Electron-

ics, 34:9, p 39-41. 
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READ DRIVER 

_EL 

-I5V R2 
SWITCH 
0 

INSERT 

2N576 
(3 EACH) 

SWITCH 
READ Q2 

IN 

INPUT 

INPUT 
SIGNAL 

2N576 
13 EACH) 

-I5V 

!I INSERT CURRENT 
THIN FILM 
DRIVE 
LOOP 

tREAD CURRENT 

THIN-FILM CURRENT DRIVER—Three 2N576 

driver transistors in parallel, each rated 400 

ma, deliver 1-amp pulses with 0.15 microsec 

rise time. Three 2N580 pnp transistors in 

parallel serve as current switches.—E. E. Bitt-
mann, Using Thin Films in High-Speed Mem-

ories, Electronics, 32:23, p 55-57. 

+50 

IN FROM 
STROBE (OR 
SENSE) 
WINDING 

+50 
27K 

co 

" - 10 
+4  +50 

SENSE AMPLIFIER AND GATE—Uses drive-

sampling core to generate precisely defined 

strobes for coincident-current memory.—A. H. 

selected bits on same sense line. Circuit is 

completely isolated differential amplifier op-

erating from low-impedance source.—A. A. 

1.2K 

SENSE AMPLIFIER READS MEMORY DATA— 

Small signals stored in thin-film memory are 

amplified while rejecting noise from partially 

%t+ 240K 

IRK 
2N501 

00 µµF 

10p.H 560 

-3V -3V 

ZENER 
DIODES 

560 3e 

•3V -3V 

560 300 
2N501 

+6V + 3V - 3V 

300 

j. 

2N5O1 

+ 6V + 3V 

THIN-FILM SENSE AMPLIFIER—Common-base 

input stage matches low input impedance of 

sense winding. 5-my input signal is boosted 

to 3-v level. Zener diodes shift d-c levels of 

output signal to desired 0 to +3 y level.—E. 

E. Bittmann, Using Thin Films in High-Speed 

Memories, Electronics, 32:23, p 55-57. 

IN FROM (TO 
COMPUTER LOGIC 
(OR REGISTER FLOP) 
DRIVER) 

-----
TO INVERTER 

Ashley and E. U. Cahier, Solving Noise Prob-

lems in Digital Computer Memories, Electron-

ics, 33:13, p 72-74. 

I OUT 

()OUT 

Fleischer and E. Johnson, New Digital Conver-

sion Method Provides Nanosecond Resolution, 

Electronics, 36:18, p 55-57. 



COMPUTER CIRCUITS 125 

+150V 

K:X 1,000 

WRITE 
SIG 16 
IN 
0 

•-55V 

PROGRAM 
TAPE 

READER 

WRITE 
ZERO 

WINDING 

BLOCKING 
OSC 

READ 
OUT TO 
CATHODES 
OF ALL 

READ GATE BIAS B.O. 
PEDESTAL PULSE IN TRIODES 

DISK READ-WRITE—Magnetic head is trans-
former of twin-triode blocking oscillator cir-

cuit used with aluminum disk having radial 

magnetic spokes that can store from 50 to 

100 words.—T. C. Chen and O. B. Strom, Dig-

ital Memory System Keeps Circuits Simple, 

Electronics, 32:11, p 130-133. 

+150V 

8K 

READING 
HEAD 

9V 

680 

--15V 

MARKER 
PULSE 
OUT 

2.2K 
-55V 

K,-X 1,000 

MARKER PULSE GENERATOR—Uses blocking 

oscillator to generate digit pulses of word 

being stored in magnetic-spoke disk memory, 

as well as for generation of index marker 

pulses.—T. C. Chen and O. B. Stram, Digital 

Memory System Keeps Circuits Simple, Elec-

tronics, 32:11, p 130-133. 

CONTROL 

+V 

R2 
620.0. 

R5 

6.2K 

DELAY CIRCUIT 

420V --VW-
820 

820µ1N03188 
600- KC 

INPUT iii3K 
OSCILLATOR 

-I0V -8V -2V +20V - 2V - I0V - 30V - I0V - I0V 

D2 
UTR511 

CD D3ZS 

0.2,uF 

D4 
UTR511 

____ 
- 

o, 
2N2927 

Q2 
2N2693 

SWITCHED 
POWER 

RESET 

Q3 
2N2927 

Dj 
L UTR5It 

RESET CIRCUIT 

RISETIME 
CAPACITOR 

SPACECRAFT COMPUTER POWER SWITCHING 

—Conserves battery power by automatically 

disconnecting sections of computer when they 

are not in use. Q1 and 02 serve as switch, 

while 03 generates automatic reset pulse 

when power turns on. When control line is 

at ground, no power is supplied on output 

line. 04 delays power turnoff for short time 

after control signal drops.— R. A. Clift, Power 

Switching Trims Digital System Weight, Cost, 

Electronics, 39:12, p 135-138. 

30V ---,\A",--. 420V -30V-.V•sev---, 10V 
1K, 33 

470 F .2 „510J1K°4 820,,F 5 
2N3I7 U 2N388 28317 

•—• E 

PULSE SHAPER FOR 600-KC CLOCK—Oscillator 

input through Q1 switches 02 on, and same 

input through Q3 switche:. 02 off after fixed 

CHOKE-CONTROLLED DIFFERENTIATOR—Uses 

inductance to control on time of transistor. 

Can also be used as straightforward pulse 

inverter. Input pulse is wider than output 

08385 
CLOCK 

GEN 
I2K 220 OUT 

z  DR 56 
385 

I. -2V 

ZDR385 

A -évfl—r 

--12vv 
5,SEC 

D :g 
-2V 

E _, 0v 

delay, to produce desired rectangular clock 

pulse.—S. Schoen, Transistors Provide Com-

puter Clock Signals, Electronics, 32:9, p 70-72. 

6V 

LI 
Tr, — 
VT 

pulse.—W. M. Carey, Using Inductive Control 

in Computer Circuits, Electronics, 32:38, p 31-

33. 
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12 
6 

4.7K 

22K 

o 
+6 

360 

j 
PULSE 
INPUT 
-1.7 V, 
10 NANOSEC 

22pF 

Lp 5.9µ11 

L-5447 

75 

14 TURNS 

NO.360F 

9V 

t37- PULSE OUTPUT 
OHM -I.7V, 
LOAD 10 NANOSEC 

51 pF 

3 TURNS 
BIFILAR 
NO. 34 F 

WOUND ON FERRAMIC 
02 F - 622 CUP CORES 

AMPLIFIER FOR 10-NSEC PULSES—Requires 

accurately wound pulse transformer in which 

secondary is close-wound over end of pri-

mary that is a-c ground, with accurate con-

trol of unsymmetrical distributed capacitance, 

OC45 

I2K 15OpF 

MAGNETIC REGISTER—Basis of storage is 

magnetization time. Four ferrite cores will 

inF OC45 
0386 

270K 

47K: 

Y0A86 
--q 

0386 

47K: 

;270K 

InF 

1 
to serve as building block of 50-megapulse 

computer. Commercial equivalent of L-5447 
is 2N769 or 2N976.—K. H. Konkle and J. E. 

Laynor, Key to Faster Computers: Ten-Nano-

second Amplifier, Electronics, 35:50, p 39-41. 

IN270 

39K IN270 

0C45 1,F 

39K 1N270 

IN270 

store one decimal digit under control of one 

ALL 8 TURNS 

40 A 8 CEIC2E2 

READ 

WRITE 
INDICATE 
RESULT 

INDICATOR 

Decimal Digits with One Clock Pulse, Electron-
clock pulse.—A. A. Jaecklin, Storing Complete ics, 34:11, p 50-53. 



CHAPTER 18 

Control Circuits 

AC 

SIGNAL 

R1 

10K loot< 1N91 IMIOZ 
C2 

001 C1 

7 

D2 

IK 

CONTROL 
I 0--

11  20V 

IC 211 
20/4/f/ 

R-270 
470 K 

R 318,100 K 
Ionizing 
current 
pot. 

2N43A 

SNAP-ACTION A-F POWER LEVEL SWITCH— 

When integrated voltage reaches point 

where zener diode breaks from nonconduc-

tion to conduction, transistor goes from cutoff 

to saturation suddenly, to provide fast relay 

operation.—Snap Action Level Switch, "Elec-

tronic Circuit Design Handbook," Mactier Pub. 

Corp., N.Y., p 30. 

170-vdc 

R 251 

R 317 I 

10010 

L. 

Actually on main 

control panel 

12AU7 

2.4 
Meg 

0K 251 

+ 300-volt power supply, 
±0.02 volt Section A 

12AX7 

- 

240 K 

To filament On" switching circuit 

FILAMENT EMISSION REGULATOR—Used in 

Consolidated Electrodynamics gas analyzer to 

control ionizing current strength by regulat-

ing filament temperature of cycloid tube. 

+28 

R4 
27,000 

R5 

3,300 

ACQUISITION RELAY DRIVER—Scr 03 and 

transistor Q4 provide stable triggering point 

for acquisition signal used in aligning missile 

guidance systems, without hysteresis effect.— 

W. S. Zukowsky, Aligning Saturn Missile's 

Guidance System, Electronics, 37:8, p 26-27. 

100 K 
On main Block 
control panel vo ts 

• Ionizing 
current meter 

—An7de— 

I Filament 

6AS7 

102 

-------

Potentiometer used for control is in grid cir-

cuit of V251. Circuit maintains ionizing cur-

rent automatically at desired level.—G. C. 

Carroll, "Industrial Instrument Servicing 

Repeller 
volts 

I Cycloid tube 
j source chamber 

301.111_ potential pulseS 
from cycloid tube 
control circuit 

fo "warm" and "on" 

switches,115 -v oc 

100.2,100w 

R 701 

Handbook," McGraw-Hill, N.Y., 1960, p 

8-122. 
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3-PHASE 
INDUCTION 
MOTOR 

OSCILLATOR 
2NI91 
PNP DIFF 

TRAN 

0.0023 

-I3V 

-I.5V -6V 

2N19I 
PNP 2 

22K 2T  4.76 

SCHAEVITZ 
040M-L +3V 

LIQUID-DENSITY GAGE—Peltier-effect semi-

conductor thermoelements maintain uniform 

cooling temperatures required for accurate 

specific gravity measurements. Null-position 

detecting circuit uses differential transformer 

!OK 

10 MEG 

_L 

1K 

10K 

5647 
V2 

2.2 K 

100 

75 

LOG 
DIODE 

R5 

22 MEG 

5647 
VI 

102 GR 18K 
 0 

OPER  

RE?E- \ (39 18 
4b—W.r-0 \ 

100K O\ 
R2 CAL DT ° 1 \ 

OPEN \ 
\ • 

2K 

25 

6111  

+3V 

PHASE 
COMPARATO 

1N34 
DIODES 

NOTE: 
ALL 
TRANSFORMERS -1,5y 
UTC,SSO-7 

MECHANICAL 
LINKAGE TO 
SERVO-CONTROLLED 
DRIVE MOTOR 

,e 

BALANCE 
DETECTOR 

2N35 
NPN 

K.X 1,000 

to sense posi ion of movable core at end of 

float.—C. W. Horgens, Semiconductors Cool 

and Control Density Gage, Electronics, 31:49, 

p 80-81. 

2.2 K 

§ I MEG 

5889 

22K 

ELECTRO-
METER 

Ql 

2N328 

1 LOG AMPL 

100 K I MEG 

02 

2N328 

4.7K 

100 

ilOOK 

NOTE: ALL RESISTORS 1/2 WATT 

SPARK MACHINING CONTROL—Servo-con-

trolled high-power electric spark machine pro-

duces repeated discharges between tool 

electrode and workpiece to cause erosion of 

metal to desired shape. Power source is 

4.5-kv three-phase rectifier providing peak 

discharge current of 4,500 amp at pulse 

repetition rate of 2,880 pps. Rotary gap is 

used for pulse switching.— E. M. Williams and 

C. P. Porterfield, Spark Machine Tool has 

Servo Control, Electronics, 31:43, p 90-92. 

C1066 

SCR LAMP BRIGHTNESS CONTROL—Will con-

trol up to 1.6 amp rms while operating di-

rectly from power line, yet is sufficiently com-

pact to fit into base of common household 

lamp socket.—Low-Cost, Low-Power SCR's to 
Invade Commercial Market, EEE, 13:8, p 

21-22. 

I MEG 

03 

2NI 23 

122K 

NOISE 
FILTER 

DI 

1N440 
14 

IK 

30K 

250 

ZERO 

5889 
V4 

--r 

100 

250 RI 
  10K 

2,000 
MEG 

05 
2NI 67 

5K 

1N45 

04 
2N123 

D2 
1N440 

+20V 

CI 

0.96, 8 22MEG 

I l 

TO 

10K 

62K 

RECORDER 

§470K 1K 

+20V 

LOG 
METER 

20V 

i I.6K 

CATCH 
DIODE 

5647 
V5 

i010 
Sic i 

o o 
o 

R3 

22 MEG 
 «AA,  
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• 

1 R2 
1 +5v 0 V I K 3.9 K 

ROD 

D• 03 02 N.O.  I I I 
FID DROP 

IN34A 3 9K 
R 3 

O 

2 N. 23 
"= R6 

CI I 8 K 

10K 

+IOV 

POWER RELAYS 

14 V 

02 ROD 
2N158 MAGNET R 13 

•f  TO 
IN450 OVER 

'115-1-CUCre; 

33K 

66 ROD 
DROP SEL 

-N.C. 
2V fi TO 
IN450 UNDER 

CURRENT 
2 CIRCUIT 

4, X 1,000 

NUCLEAR REACTOR REGULATOR CONTROL— 

Feedback-type regulator holds magnet cur-

rents constant for control rods, at values set 

by R9 to 0.6 amp. When selected rods must 

be tripped for certain tests, regulator buses 

for these rods are connected to 10 v, to 

drop the rods. Amplifier uses 10 y supply 

as reference to hold output at 2 v.— E. J. 

Wade and D. S. Davidson, How Transistor 

Circuits Protect Atomic Reactors, Electronics, 

3129, p 73-75. 

5886 

V6 

5886 
V7 

200 

MEG 

2N328 

220K 

PERIOD 
AMPL 

Qe 
2NI67 

PREHEATING PROGRAMMED LAMPS—Mini-

mizes thermal stresses on lamps and con-

trols when programmed operation is repeti-

tive for large number of cycles. Ujt control 

circuit provides preheating of lamp by trig-

gering light-activated scr late in each half-

SIGNAL 
INPUT 

100K I MEG § I.5K 

68K 

2N328 

2NI67 

Chi 
2NI67 

10K 

6H6 

VI 24K 

I MEG 

50K 

5004 
001-.C1 'R3 

50K 
47K 

LIGHT FROM 

PROGRAMMER 

cycle. Setting of R2 determines minimum 

lamp current to maintain filament tempera-

ture just below visible level.—"Silicon Con-

trolled Rectifier Manual," Third Edition, Gen-

eral Electric Co., 1964, p 216. 

0® INDICATES POLARITY-FORWARD DRIVE 
Ge INDICATES POLARITY- BACKING UP 

25K +300V 

500K R2 6SN7 

R1 500K V2A 

Rjo I MEG 

-300 v D-C REG 

IN450 

100K 

TRIP 
OUTPUT 

PERIOD 
METER 

KtX1,000 

tIOK 

TRIP 
ADJ 

68K 

47K 
R5 

I50K 

R8 
IK 

'1/42 1/\ 

REG 

AMPLIDYNE FIELDS 

SEP. EXCITED FIELDS 

SPARK MACHINING SERVO DRIVE— Position-

ing information is derived from gap voltage, 

fed to integrating circuit through diode VI, 

and resulting output fed through V2 to cath-

ode-coupled push-pull d-c amplifier that ex-

cites field of arnplidyne generator to move 

tool electrode toward or away from work-

piece, as required to permit sparkover at 

voltage selected for machining conditions de-

sired. Used chiefly for work on high-tempera-

ture alloys and otherwise unmachinable ma-

terials.— E. M. Williams and C. P. Porterfield, 

Spark Machine Tool has Servo Control, 

Electronics, 31.43, p 90-92. 

NUCLEAR REACTOR STARTUP CONTROL—Log-

arithmic and period amplifiers provide re-

quired wide indicating range without switch-

ing. Use of log diode VI in series back to 

back with V2 provides nonlinear element in 

which effects of changes in cathode temper-

ature and supply voltage are balanced out. 

VI drives log amplifier consisting of balanced 

electrometer tubes V3 and V4, differential 

stage QI -Q2, and cascaded emitter-followers 

03 and 04. Period amplifier is a feedback-

type differentiating circuit.— E. J. Wade and 

D. S. Davidson, Transistor Amplifiers for Re-

actor Controls, Electronics, 32:21, p 52-53. 
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CD 

•ecr r 

-cci t7 
CD 

2. 
oz 
cro 

()AIN 
CHANGE 

3.9K 3.9K 

8.2K 8.2K 

2N335 2N335 

2.7K 2.7K 

5.6K 

2N697 

5.61( 820 

GYRO SUMMING ISOLATION VOLTAGE 
1RESISTORS AMPLIFIER —+20V AMPLIFIER 

P0105 

PD105 

TO GYRO 
TORQUE 
WINDING 

1K 

2N335 

80K I2K 

10K I.8K 10K I.21< 131< 

100 

2N697 

2N335 04 

8.2K 8.2K 

2N335 

2.7K 2.7K 

2N335 

CAGING _ DEMODULATOR 
AMPLIFIER FLIP—FLOP 

AUTOPILOT GYRO CONTROL—Flip-flop C11-02 

controls breakdown of zener diode D2. At 

breakdown, D2 has low impedance, shunting 

180,000-ohm trigger resistor and reducing 

input to five-stage d-c amplifier 03-07. Over-

all voltage gain is 27. Demodulator is bi-

stable flip-flop 011-012 and series switching 

ADDER 

ADDER 

90 VOLT 

JET AUTOPILOT CONTROL—Adder-attenuator 

amplifier decreases gain slowly, allowing 

new control modes to be set up without un-

desirable aircraft motion or bumps, when 

jet pilot changes to different flight control 

III 

2N335 

2N335 

DEMODULATOR SWITCH 

2N697 
 4 

2N697 
50 OP F 

FROM 2.4- KC 
SQUARE WAVE 

SOURCE 
500 500 

10K 
—1,\Ar-• 

101 

D5 PD105 

°Ex 

P0105 

TO 
SHAPING 
NETWORK 

transistors 08-09, giving no-signal d-c out-

put of 9 v. This level is modulated 3 y for 

maximum in-phase or out-of-phase error 

signals from gyros.—J. H. Porter, Miniaturized 

Autopilot System for Missiles, Electronics, 33: 

43, p 60-64. 

FADING 
CIRCUIT 

FADING 
CIRCUIT 

SUPPLY AND INTERLOCK RELAYS ARE NOT SHOWN 

mode, as from mach control to attitude con-

trol or altitude control. Relay KB allows 

new mode to be set up, and output then in-

creases to normal. When pilot operates fad-

ing switch (not shown), relay contact KA 

TRIP I REGULATE 
+ 20 V 

+ 10 V 

2NI59 

OUTPUT 
+5V 
-2V 

10 V 

DUAL-FUNCTION BISTABLE SCRAM—Portion 

at right of dotted lines acts as regulator that 

holds constant voltage on output circuit until 

tripping of control rods is called for by nu-

clear radiation detector. Outputs of bistable 

circuits are connected through and gates so 

that, if desired, two input signals are nec-

essary before trip signal is generated. Mal-

function in ion chambers or failure of circuit 

component can make reactor exceed maxi-
mum critical assembly condition and gener-

ate trip signal that drops control rods.—E. J. 

Wade and D. S. Davidson, How Transistor 

Circuits Protect Atomic Reactors, Electronics, 

31:29, 73-75. 

RELAY 
CIRCUIT 

POWER 
SUPPLY 

(41 7 VOLT ZENDER DIODES 

11.1 04 Ft 
K X 1,000 

closes and 90 y d-c is applied to fading cir-

cuit. Fadeout time constant is 0.5 sec and 

fade-in time constant 0.3 sec.—L. D. Fry, 

Taking the Bumps Out of Automatic Flight 

Control, Electronics, 32:32, p 106-109. 
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FILM-BREAK DETECTOR—Photographic film in 

processor is run through resonant acoustic 

chamber in which presence of film affects en-

ergy transfer between crystal transducers. 

Change in transducer output when film 

breaks is used to operate relay through amp-

lifier and detector, to control automatic film 

processor and thereby minimize rethreading 

and film spoilage. Can also be used to detect 

bubbles in rubber tubing during blood trans-

fusions, and detect similar changes in other 

films, liquids, and gases.—E. L. Withey and 

R. G. Seed, Acoustic Cavity Detects Breaks in 

Film, Electronics, 31:13, p 50-51. 

+25V +150V 

SATURATING-MVBR ON-OFF CONTROL—Used 

with relays and other electromechanical de-

vices where current ratio must be 10 between 

on and off conditions. Operation is same as 

Eccles-Jordan, except that current drive for 

holding Q2 on is furnished through R2 and 

R3 rather than through QI collector load. 

Designed for relay that is energized by 8 ma 

and drops out at 0.5 ma. Trigger input 

should be between 14 and 20 v, with rise 

time of 10 microsec. Input circuit needs 5 

millisec to recover from positive signal before 

next trigger is applied. 2N333 has been 
100K C2 C4 100K dropped from Preferred List, but 2N335 can 

1'1500 
R4 -25V 

1500 

cuits Navy Aeronautical Electronic Equip-

be used if operating point is adjusted for its 

R8 higher beta.—NBS, "Handbook Preferred Cir-
2.2K 22K 

ment," Vol. II, Semiconductor Device Circuits, 

• PSC 17 (originally PC 251), p 17-2. 
SET INPUT 

(RELAY DE-ENERGIZED) 

180K \ 

I2AX7 

0.039 

80 120K 330K .:,>> 560 

250 K 

• 

1  

MACHINE-GUN CONTROL OSCILLATOR— 

Phase-shift oscillator firing circuit for airborne 

20-mm guns permits operation anywhere in 

RESET INPUT 
(RELAY ENERGIZED) 

120K 

V28 

B4-

0.01 

 )1  

560K 

V3 
2D21 

120K 

560K 560K 

1;0251(.11 

10K 

0.005 

SN4 

.500K 

• 

500K 

K X1,00 0 

TC 
GUNS 

1 
1 
I TO 24V 

THROUGH 

eFR1NG 
SWITCH 

range of 600 to 900 rounds per minute. Ac- quency.—M. Halio, Firing Circuits Trigger Air-

curacy is improved by adjusting firing rate borne Machine Guns, Electronics, 31:31, p 

away from natural gun-mount vibration fre- 86-89. 



132 SOURCEBOOK OF ELECTRONIC CIRCUITS 

2K 

6SN7  

0.0005 

 VV\..  
1.5 MEG 

100K 

IK 
002 

o. 005 

6SN7 

100K 

100 §56K I K 56K 

6SN7 
0.001 1N34A 

56K§ 100K TO.002  

OK 

20 
10 

3.3K 

PICKUP 

AUDIO 
INPUT 

115 V 
60 
AC 

1N51 
TO FILAMENTS 

— 8Y1 

5.6K 

 ) OUTPUT 

PROXIMITY CONTROL—Gain of Hartley oscil-

lator is set so oscillation is maintained only 

when Q of resonant circuit is normal. When 

ferrous or nonferrous materials come near 

pickup coil, Q is reduced, oscillation stops, 

and output tube conducts, to pull in relay 

for counting or for controlling industrial 

machinery. Can be set for operating ronge 

of from 1/8th inch to 1 foot.—D. Elam, Proxi-

mity Transducer Uses Rapid Relay, Electronics, 

31:25, p 73. 

0.68 

HH 
910K 

FROM 
DEMOD 
OUT PUT 

K X 1,000 

Q2 
2N327 

39K 

0.22 

100K 

+ 204 

7-= 

100 

20V 
SHAPING NET 

01 

2N335 

03 

2N335 

04 05   2N497 
2N335 

82 10K 07 

2N389  

• __L 2N389 
160 9.IK 08 

2N327   2N327 2N327 2N335 2N497 

I6K 

2N327 

SWITCHING AMPL 
+20V 

K1 

+28V 

ROCKET ROLL CONTROL—Signal from roll- jet relays.—R. E. King and H. Low, Solid-State 

channel demodulator is shaped for two- Guidance For Able-Series Rockets, Electronics, 

section switching amplifier that energizes roll 33:5, p 60-63. 

DECODER 
OUTPUT 

2.2 K 

0 1 
2N328 A 
AM PL 

4-18 V D-C 

20-CHANNEL DECODER FOR AUDIO TONES— Rectified output of detector D1 drives two- Elliott, First Details on Mercury Spacecraft 

L-C filter in each decoder is tuned to channel stage d-c amplifier having relay load. Used Command Receiver, Electronics, 36:5, p 32-35. 

tone, with 35-db adjacent-channel rejection. in Mercury spacecraft command receiver.—R. 
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A- C 
POWER 
INPUT 

T BETTER COIL 8 TRANSFORMER CORP 
TYPE 99416 SCR 2 

SCR LAMP DIMMER-Can easily be built into 

lamp socket or fixture.-J. Eimbinder, SCRs In 

The Consumer Market, EEE, 14:8, p 100-103. 

100 100 

500 
1 500 

AMPLIFIER, 
SUCH AS 
ALLISON NO.659 

0.1 
MICROPHONE r)-1 

INPUT 1-7. 

-20 

K   

2N1306 

-20 

IN • FB OUT 

0 2 

2N1307 

RELAY DRIVER 

FEEDBACK 
NETWORK 

PILOT 

VOICE-OPERATED MACHINE CONTROL-Circuit 

rejects ambient noise or normal speech but 

responds to sharply spoken commands during 

emergency, to open motor circuit of machine 

tool. Asymmetry demodulator rejects sym-

+E0 .+ 6V 

IN456 

2 .=- ----100K 

-20 

IN456 

TRIAC LAMP DIMMER-Can easily be built 

into lamp socket or fixture. Uses minimum 

number of components.-J. Eimbinder, SCRs 

In the Consumer Market, EEE, 14:8, p 

100-103. 

; 47K: 

100K 

ASYMMETRY 
DEMODULATOR 

47K elOOK 
-20 

MACHINE 
TOOL 

OFF-ON 

MOTOR 
LOAD 

POWER SWITCHING 
RELAY 

metrical noise while accepting speech vowels 

having strong asymmetry.-W. C. Dersch, 

Speech Operates Safety Switch, Electronics, 

36:25, p 78-82. 

820 

IN4009 150 

A  I4 0 
2N706 

1N4009 IN461'S' 

-ED -6V 

18K 

GROUNDED-LINE CABLE DRIVER-Twisted 100-

ohm cl-c coupled transmission line solves 

ground-differential problem between driving 
and receiving subsystems up to 120 feet 

DRIVER 
GROUND 

R1 

180 2 
2N706 

apart, while eliminating costly transformer 

coupling. Holding line excursion to 1.5 

minimizes capacitive crosstalk. Up to four 

receivers can be used on one line.-R. C. 

UNDER 
CURRENT 
INPUT 

OVER 
CURRENT 
INPUT 

UNDERCURRENT-OVERCURRENT PROTECTION 

-Guards against improper operation of con-

trol amplifier in nuclear reactor scram system. 

If rod currents vary beyond predetermined 

limits, circuit initiates reactor scram. Either 

transistor may open relay coil circuit.- E. J. 

Wade and D. S. Davidson, How Transistor 

Circuits Protect Atomic Reactors, Electronics, 

31:29, p 73-75. 

R2 
100 

+E .+6V 

OUTPUT 

03 
2N706 

113K 
GROUND 
RECEIVER 

ER- 6V 

Goravalia, Transmission Lines Couple Multi-

ple-Driver Receivers, Electronics, 39:16, p 

121-122. 
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1 
1 

- - -1 

(CHOSEN 
FOR REQUIRED SENSITIVITY) 

CONVEYOR MONITOR— Will shut down con-

veyor line rapidly to prevent catastrophic 

¡am, while ignoring small self- clearing pile-

ups. Each time light beam is interrupted, 

light-activated scr is briefly commutated by 

a-c line. Cl starts to charge but is shorted 

to zero as light is restored. If light path 

is blocked more than a few millisec, Cl con-

tinues to charge and fires SCRI to stop con 

veyor.—"Silicon Controlled Rectifier Manual," 

Third Edition, General Electric Co., 1964, p 

214. 

+174V 

REFERENCE 
SUPPLY 

I 15 V 

400`li 

TO LOAD 

D-C SUPPLY 
BEING 
MONITORED 

PA 0V1NG 

OBJECT 

LIGHT 

SOURCE 

CORES ACTUATE RELAY—When d-c supply 

voltage equals reference voltage, no direct 

current flows through the control windings of 

saturable reactors, reactance of 400-cps wind-

ing is high, and voltage across rectifier bridge 

is high enough to pull in relay. When supply 

voltage increases or decreases, difference volt-

age causes core saturation that reduces re-

actance, allowing relay to drop out. Neon 

indicator lamp may be used in place of rec-

tifier bridge.—M. C. Herzig and D. C. Colbert, 

Voltage Monitor Needs Only Two Saturable 

Cores, Electronics, 36:23, p 50-51. 

RELAY 

OUTPUT 

120 VAC 

60 CPS 

5692 

0.01 

2 

o 
r--
•zr 

o 
N-
o 

V. 50 

12 

5692 
V2 

100K 0.5 

\ Aer ELONGATION 

0G3 

0G3 

100K 

4K 

30K 

0G3 

25K 

47K 

1 
MEG 

5K 

5692 

5K 

47K 
5692 
VI 

5K 

2 

20 -

R2 R3 
100K 100K 

....›-DOWN 

¡  
00 1<4 10 

1,3K 

3K 

R5 
25K 
3K 

2.5K 

R6 
25K 

2.5K 

DC + INPUT 

METAL-FORMING CONTROL—Determines yield comes from potentiometer RI, linked to ram 

point by sensing when tension and elonga- of hydraulic relief valve. Tension signal 

tion begin increasing at different rate during comes from strain-gage bridge that de-

stretching and forming. Elongation signal livers 0 to 10 mv at 60 cps. At yield point, 
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MOTOR TRANSIENT ANTICIPATOR-- Discon-

nects battery supply of sensitive counters for 

preset interval during switching period of 

nearby air conditioner, to avoid extraneous 

counts by switching transients from compres-

sor motor and control relays.— C. H. Harris, 

Motor Transient Anticipator, EEE, 13:5, p 

45-46. 

NAAAN\  •  
Line R L PL 
110V 60 cps 

Ci 

R, 
24 to 
3610.! 
1W 

= 24 to 36KU — Resistor adjusted for the Lowest Desired Level 
Cu = .47µF, 30V, metallized pape - 7.120% 

C2 = .47µF, 12V, metallized paper ± 20% 
R2 = 10KO, 1/4 W, 2-10% SCR = K-1040 , Hoffman 
TO T-1077 , Hoffman Rh 250KO linear rheostat, V2 watt 

TO COMPRESSOR TO CONTROLLED CIRCUITS 

FULL-WAVE TD-SCR CONTROL—Use of tunnel 

diode between gate and cathode of each 

scr improves control performance of scr, to 

give triggering range of 10 to 175. Input 

sensor Rh may be photocell or any other 

resistive transducer.—TD/SCR Combos for Sale, 

EEE, 12:3, p 62-64. 

+ 24V 24V _,2)5ee' 

K = X 1,000 

I i  

 1—L t 

60V--•v\r-

-t- H  4.'.)K K3 el. é 
s3 
o  

o  I 4 +16ov 

K12 

&Lc,  
4 

NA N. 

.2±1A 

4 

500 
I  

AUTO   

E 
MA N 

S2 AUTO 

TENSION CONTROL MAN. 

AUTO 
o 

S 

o  

RESET 

9.IK 
 STOP   
 L2 II5VAC K7 

---;-1- e) START 
• RAM CLUTCH 

0.5 4 r  

K-2  
9.1 K TD, 

L1115 VAC-4> 

system lowers tension as dies are applied to trois for Metal Working Machines, Electronics, 

metal. At end of cycle, operator opens stop 32:10, p 41-43. 

switch, resetting relays that are energized by 

power line — G. J. Crowdes, Automatic Con-
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TO 400- CPS 
SQUARE-
WAVE 

2N697 
r-_-1 

GYRO 
LOAD 

FROM 
RESET AND OFFJ1/4._ PROGRAMMER 

GYRO TORQUING SWITCH—Flip-flop 01-Q2 

controls 03 driving switching transistor 04. 

Trigger signals from telemetry receiver pro-

grammer control state of flip-flop. Can pass 

400-cps square wave with 10-y peak.—J. H. 

Porter, Miniaturized Autopilot System for Mis-

siles, Electronics, 33:43, p 60-64. 

T ME-DELAYED SCHMITT AS SENSOR—Provides 

delay in sensor control until industrial process 

and system are started up and in normal 

operating mode. Delay is obtained with R-C 

network in additional transistor stage 03. 
Photocell and R1 are interchangeable de-

pending on polarity of control required from 

output.— L. T. Medveson, Time-Delayed Schmitt 

Sensor, EEE, 14:7, p 104. 

+75V TRIGGER-- 6.3V 

110 V 

Tr 
T21 

FLUORESCENT-LAMP DIMMER—Convention-
al photoflash trigger circuit R-C-T2 gives re-

liable starting for lamp currents down to 1 

ma. High-voltage trigger pulse is applied to 

foil strip or wire loop going around lamp. 

Transistor can be 2N1047, with resistance 

values chosen to provide required d-c operat-

ing voltages.—L. L. Blackmer and A. T. Wright, 

Tandem-Transistor Circuit Regulates Fluores-

cent Lamp, Electronics, 34:17, p 114-116. 

CRI 
INS3O 

urvAC 

NOTE: 
Tj RI- 201 S ANGOR 

12 311382 SPRAGUE 

GI 
541,12V 

+75V 

CONT40L 

IN 

470 

+1.5V 

2N548 

R, R2 
15 50 

+1.5 V 

FLUORESCENT-LAMP DIMMER—Tandem circuit 

with amplifier stages requires only 0.4 ma at 

8 y to drive 15-w fluorescent lamp at rated 

300 ma while providing range of about 200 

to 1 in luminance control. Conventional pho-

toflash trigger gives reliable starting for lamp 

currents down to 1 ma.—L. L. Blackmer and 

A. T. Wright, Tandem-Transistor Circuit Regu-

lates Fluorescent Lamp, Electronics, 34:17, p 

114-116. 

G 
1N758 

ZERO-CROSSING SYNCHRONIZER—Used to 

synchronize firing circuit of scr's with zero 

crossing points of sinusoidal a-c line voltage, 

to initiate new timing cycle at each zero 
crossing and thereby permit precise control 

R2 
3.35 

Vi 12V 

3.6If 360 
-36K IW 

12 

2Ñ2646 

TO SCRs 

of a-c power delivered to load. In tempera-

ture control system, circuit held liquid within 

0.001°C of set point despite wide ambient 

temperature range.—J. D. Reed, Zero-Crossing 

Sync Circuit for SCR's, EEE, 12:8, p 74. 

LIQUID LEVEL CONTROL—Operational trigger 

has sufficient sensitivity even for distilled 
water and alcohol, to control level within 1 

mm.—P. Lefferts, Operational Trigger For Pre-

cise Control, Electronics, 37:28, p 50-55. 
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INPUT 

I K 

117V. I 
A C. 

•—•-éVe  

SCR LIGHT DIMMER—Provides full range of 

brightness control for up to 500 w of lamps. 

Ujt 01 provides turn-on pulses for scr.—L. 

Stern, "Thyristors Provide New Opportunities 

for Electronic Applications in the Home," 
Motorola Application Note AN-141, Dec. 1965. 

t275V 

SENSITIVE RELAY CONTROL—Reflex circuit en-

27K sures full use of available gain of two-stage 
relay control amplifier using 12AT7 twin-

triode. Tube V2 controls relay in its plate 
circuit and also serves as a-c amplifier, in-

creasing over-all sensitivity by factor approx-

imately equal to a-c gain. Performs best 

about 400 cps.—Sensitive Relay Control Amp-
lifier, "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., p 103. 

FUSE 

TO 500W. 

SILICON 
RECT, 

BRIDGE 
6A -- 200V PIV 
MDA 952.3 



CHAPTER 19 

Converter Circuits 

ANTENNA 

0.57µh 

56p1 

0.57p.h 

.1.5v 4700 

Vbb 

1N3712 
(TD- 1) 

000 pr 

170,h 

CB CONVERTER—Uses tunnel-diode oscillator. 

—"Transistor Manual," Seventh Edition, Gen-
eral Electric Co., 1964, p 358. 

BALANCED 
INPUT 

DIRECTIONAL 
COUPLERS 

TERMINATIONS 

CRYSTAL CURRENT ,Ic 
MONITORING POINT -- 

CONV 
DIODE 

CHOKE 
COILS 

0.005 

LOCAL OSC INPUT— c 0.005 

I F OUTPUT 15 MC 

BALANCED-INPUT MIXER—Used with fre- er.—C. Strother, Jr. and C. R. Lundquist, Bal-

quency-independent antennas to provide inverter—Frequency-Insensitive Balanced Con-

noise cancellation as balanced-input convert- verter, Electronics, 35:44, p 46-47. 

MAGNETIC INC 
50002-20 

K rX 1,000 

2N458 

D- C 
ERROR 
AMPL 
AND 

VOLT REF 

2N458A 
03 

500 

+30V - 30V 

100K 

100K 

100K 

100K 

D1-4 

SD 954 

L1 

I.6H 

100K 

100K 

CARSTEDT 
CH7 

100K 

100K 

SO 954 95A 

L3 
1.6 H 

Dg 
S0954 

DIO 
50954 

R6 

L2 

1.6H 

C7 

1,200 20 

1,000 

CONTROL LOOP 

+ 325 V 

325 V 

+325V 

325V 

30 TO 325 V D-C—Use of transistors with minimizes switching spikes in output. Con- D-C Converter Outputs, Electronics, 34:42, 

high alpha cutoff frequency, along with load- trol-loop amplifier provides overall regulation. p 64-65. 

ing networks across output bridge rectifiers, —C. J. Biggerstaff, Reducing Spikes in D-C to 

138 
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RF 
INPUT 
450MC 

82 

/77 
1.8 9.4 

2N2415 20 1 110 2N24I5 20 

4.7K 22K 22K 4.7K 

1000 

-I2V 

LI=1 1/4" of 3/8" DIA. BRASS STOCK 
TAPPED AT 3/4" FROM GROUND 

L24 1/4" of 3/8" DIA. BRASS STOCK 
TAPPED AT I/2" FROM GROUND 

L..Y I TURN No. 14 WIRE I/4" ID. 
TAPPED AT 1/8 TURN FROM GROUND I K 
FOR OPTIMUM CONVERSION GAIN 

TI. 4T No.22 WIRE PRIMARY 
IT No.22 WIRE SECONDARY 

ALL CAPACITORS ARE IN pf 

1000 

450 MC TO 105 MC WITH 2N2415-Two-stage 

r-f amplifier has power gain of 20 db, noise 

figure of 4.5 db, and bandwidth of 10 Mc. 

2N1407 local oscillator operates at 345 Mc. 

RF Amplifier 
• 

I C1 
50 IN 

oh 

1 
1 
1 
1 

/77 

1 

1 
1   

L.12 

L2 

C' 

0 3 

VEE 

C18 

Mixer 

_L) 

-I2V 

/77 

20K 

22K 

82 2N24I5 

2 

1.8-9.4 

-I2V 

IF 
OUTPUT 

TI I05  

REC LO 
209 MS 

22 

-I2V 1,650 
KC 

Conversion gain of mixer is 12 db. Total 

antenna to i-f conversion gain is 32 db.-

Texas Instruments Inc., "Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 307. 

VEE 

1 20 

0 4 I 

L14 

t  C •-) 
I '‘) 

1 /77 • VE8 /17 VEE 

Local Oscillator Buffer 

450 MC TO 105 MC WITH 2N2996-Local Col-

pins oscillator operates at 345 Mc; it can de-
liver 5 mw, but only 1 mw is required by 

1 

•-• 

1 
1 

1 
1 

1st IF Amplifier 

L5 
C8 

27pF 

+2509 

27 
pF 

1/2 I2AU7 

100 

27pF 

56   

500 

56pF-

180pF 

56 

500 

27 

T i100 
1/2 12AU7 

15µH 

180pF 

OUT 

27 
pF 

56 p F 

CB TRANSMITTER MIXER-Requires only one 

crystal per channel in 27-Mc citizens band 

radiotelephones, by combining beating oscil-

lator with balanced mixer. Receiver local os-

cillator signal and even harmonics of beat-

ing oscillator frequency are cancelled in tuned 

symmetrical plate circuit.-M. E. Baird, Mixer 

Circuit Lowers Radiotelephone Costs, Electron-

ics, 34:47, p 71. 

2nd IF Amplifier 

05 L2C10 L8 1 

1 
L61 

VEE I 
1 

0,, 02, 03, 04, 05, 06 - 2N2996 
CI - 10 pf 
C2 - - 13 pf 
Cs - 
C4 - 
C5 - 
C6 - 
C7 - 
Ce - 
C9 - 
C/0 
CII - 
Cg2 - 
C13 - 
C14 - 

1.8 - 13 pf 
1000 pf (See C. below) 
9 - 35 pf 
3 pf 
9 - 35 pf 
10 pf 
9 - 35 pf 
3.0 pf 
9 - 35 pf 
10 pf 
9 - 35 pf 
3 pf 

oscillator-stabilizing buffer for good mixing 

action. R-f stage ahead of converter pro-
vides power gain of 13 db at noise figure 

C 
C. 

- 9 - 35 pf 
10 pf 

CI7 2.5 of 
Cie 0.9 - 7 pf 
C,6 0.9 - 7 pf 
C20 220 pf 
C2I 110 pf 
C22 1.8 - 13 pf 

1000 pf 
Ri 1.5 k 
R2 3.0 k 
R3 3.0 k 
R4 510 
R5 1.5 k 
R6 - 3.0 k 

L91 
C' 

4-

to 
C16 IQ 

OUT 

Ci5 

R7 
R9 
R9 
Rip 
R11 
R12 
R13 

R14 
R15 
R.6 
R17 
R19 
R,9 

R20 

3.0 k 
3.0 k 
3.0 k 
1.5 k 
3.0 k 
3.0 k 
1.5 k 
1.5 k 
3.0 k 
3.0 k 
1.5 k 

- 3.0 k 
3.0 k 
510 0 

of only 5.9 db.-Texas Instruments Inc., 
"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 305. 
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0.004 

0.004 
e— 

GIMMICK 

'il 

7-7 

SOK 

2.5K 

§ 82K 

IOMH 

6UB 

2.5MH 

VARIABLE 
BEING MEASURED 

1 0.005 

20p.pf 

200µµF 

MEASURING 
TANK 

REMOTE TANK 

10µµF 
6U8 

100K 

100K 

8-+ 
275V 

OUTPUT 

0.005 

Mixer 

2N1406 

8-50 pf 

420-MC OSCILLATOR-MIXER—Common-base 

mixer is used with 480-Mc oscillator to give 

60-Mc i-f output, with 10 db average con-
version gain.—Texas Instruments Inc., "Tran-

sistor Circuit Design," McGraw-Hill, N.Y., 1963, 

p 327. 

Din ERENTIAL 
AMPLIFIER 

-15 

OSCILLATOR 

VOLTAGE-CONTROLLED OSCILLATOR—Simple 

circuit, using feedback to maintain accuracy, 

converts 0 to 3 y d-c linearly to 0 to 400 cps. 

100 pf 1.0 pf 

0.5-3 pf 

100 pf 

TRANSDUCER-DRIVEN CRYSTAL OSCILLATOR 

—Sensitive 70-Mc one-tube oscillator feeds 

local and remote tank circuits to which capa-

citive or inductive transducers may be con-

nected, for conversion of displacement, tem-

perature, pressure, and other variables to 

corresponding changes in d-c output voltage. 

Will give up to 250 y change per micromicro-

farad of transducer capacitance change.— L. .1. 

Rogers, Sensitive Transducers Use One-Tube 

Crystal Oscillator, Electronics, 32:40, p 48-49. 

ONE SHOT 

IOK 10K' 

60 mc i-f out 

1-12 pf to 50 St 

+12v 

RECTIFIER 

Uses differential amplifier that amplifies dif- Shockley four-layer diode oscillator.-1 D. 

ference between input and feedback signals Long, Feedback Linearizes Voltage-To-Fre-

and feeds frequency-determining output to quency Converter, Electronics, 34:35, p 48. 
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— 1-12 pf 

0.001 ¡if 

Mixer 

2N1406 

1 K 

10 K 
- 12v 

6.8 pf 

L2 
0 0 

71-6 pf 

500 

Pf 

2 K 

0.02 µf 

2 K 
•—i\A"\/— * 

12 

24-32 V 

+ VI 

Qj 

—  150 pf 
L, 

•—f 6b0 

LI, L2 4 turns # 18 tinned buss on 3/8" dia Teflon®  rod 

Length 9/ié' 
L3 25 turns #36 copper enamel on CTC LS 9 
L4 0.68 gh RFC 
L5 1 turn # 18 tinned buss on 3/8" dia Teflon® rod 

Length 1/2" 

0.02 µf 
 • abe-1. 

1.0 pf L4 

2N1407 

255 mc 
oscillator 

2-30 1-12 0.001 

Pf 7— Pf „Lf • 

6.2 K 6.2 K 

NEGATIVE-IMPEDANCE CONVERTER—Increases 

circuit Q by factor of 4 or more in tuned 9mH 

audio circuits by reducing circuit losses.—W. P. 

Delaney, New Way to Multiply O with Tran-

sistors, Electronics, 35:28, p 48-49. 

100K 

1 2N2222A 

Q2 
2N2222A 

10V 
10K 1N758 

>2• 2K 

-L.-
ALL RESISTORS 1/4 WATT UNLESS OTHERWISE MARKED 

100 

RINGING-CHOKE CONVERTER-REGULATOR— 

Steps up 32-v d-c pulses to 2,500-v d-c pulses, 
with regulation of 0.02%, achieved by sam-

Q6 
2N2905A 

2/K 

220 

3 K 

255-MC OSCILLATOR-MIXER—Conversion gain 

is 20 db and i-f output is 30 Mc.—Texas In-

struments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 326. 

130 
I/2 W 

321 
• 

AL-8 CORE-ARNOLD ENG. 

1N3992(2) 

2,5007 

TI 

MHT4454 

piing output and feeding it back to compari-

sion circuit. Uses unijunction transistor 03 
with 04 for pulse generation.—J. F. Howell, 

1K 

0.1p F 4.7 M 

  25K 

12K 

+V2 
2,500 V 

Ringing Choke Simplifies D-C to D-C Conver-
sion, Electronics, 39:8, p 90-92. 
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Vcc 

V in 

100 

VOLTAGE-FREQUENCY CONVERTER— Linear 

voltage-controlled variable-frequency oscilla-

tor converts standard recorder to low-fre-

quency f-m recorder for 0.1 to 1,000-cps 

signals. Values are: R1-18,000; R2-100,000; 

C-0.01 mfd; R-10,000; QI -2N591; 02-

2N491; Vcc-20 v; R4-270; fo-2.5 kc.—J. 

Schwartz, Unijunction Transistor Simplifies 

Voltage-Frequency Converter, Electronics, 

36:43, p 56. 

EIGHT-PULSE GENERATOR—With 32-microsec 

gate following blocking oscillator, produces 

eight pulses at 4.5-microsec intervals at out-

put of emitter-follower.—W. W. Grannemann 

et al., Pulse- Height-to- Digital Signal Con-
verter, Electronics, 33:2, p 58-60. 

1N4003 

75K 

60»F 

VI 

24-32V DC 

2N699 

03 

2N699 

Q2 
2N699 

1N3020 

0.22pF7-7. 

1N4003 

470 

1N4104 

FD400 

2N2634 

0 1N4104 1N3285 

18K 10K 330K 

R3 

OUT 

T CORE - AZ2636 - ARNOLD END. 

9-9-138.-1,000 TURN RATIO 

(31 

1K 1N3992 

V3 

2,400 V D C 

D-C TO D-C VOLTAGE BOOSTER—Depends on 

alternate storing and retrieving of energy 

from magnetic field of ringing choke. Uses 

blocking oscillator QI to chop input signal. 

Darlington pair 01-02 provides high input 

impedance. 03 is regulating transistor, and 

04 is blocking oscillator. Provides isolated 

2,400 y output and 375 y output.—J. F. 

Howell, Ringing Choke Simplifies D-C to D-C 

Conversion, Electronics, 39.8, p 90-92. 

V2 
+375V 

0.22»F 
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K 1,000 

INPUT 
50 OPIPA 
GENERATOR 

Di 
15659 

0 40V 
P— P 

Cr 
2,000 pelf 

MICA 

CONSTANT 
CURRENT 
CHARGE 

03 
15659 .i 

r 

25 
SENSISTOR 

--'=" COMPARATOR 

425 V 

OUT PUT 
P— P 

03 
25496 

EMITTER 
FOLLOWER 
OUTPUT 

E0 
DC 

PULSE-HEIGHT-TO-TIME CONVERTER—Output 

width is proportional to input height. Last 

stage of constant-current charge circuit can 

be eliminated if output impedance can be 

high.— D. N. Carson and S. K. Dhawan, Data 

Conversion Circuits for Earth Satellite Tele-

metry, Electronics, 33:3, p 82-84. 

VOLTAGE TO FREQUENCY CONVERTER—Q4 

supplies charging current for C in relaxation 

oscillator Q5. Differential amplifier QI -Q2 

compares charging current with input volt-

age. Difference signal, amplified by Q3, con-

trols charging current through Q4 and thus 

makes output frequency proportional to input 

voltage. For 0 to 5 y input, output is 0 to 

100 cps with 0.1% linearity.—W. H. Voelker, 

Transistor Circuit Converts Voltage to Regu-

lated Frequency, Electronics, 37:29, p 73-74. 

VOLTAGE 
MULTIPLIER 

C4 

150,e 

R6 

240 

D-C TO D-C— Free-running multivibrator ( 250 

kc) generates unidirectional square waves 

having amplitude of d-c input voltage. R-C 

Vi 

30 mc 
INPUT 
(50 11) 

V? 

35.5 mc 
OSCILLATOR 

SIGNAL 

(50n) 

2N2188 

1, 

NI — 21 turns = 40 wire 

N2 — 4 turns = 40 wire 
BIFILAR WOUND ON 
EL RAD COIL FORM 
WITH POWDERED IRON SLUG 

N3 — 4 turns 

N4 — Pr turns 
AIR DUX = 516 ( OR EQUIVALENT) 

30 MC TO 5.5 MC—Single transistor serves 

as mixer to give 5.5-Mc i-f signal from 30-Mc 

signal input and 35.5.-Mc oscillator input. 

Output is 100 my for 10-my signal input, 

with 630-my oscillator signal.—Texas Instru-

ment. Inc., "Solid- State Communicatione," 

McGraw-Hill, N.Y., 1966, p 300. 

En+12 V DC 

R4 

50 

C3 

150{LF 

20 VOLTS 

C3 
0.004,F 

(—OUTPUT 

05 
2N2646 

circuit at output blocks average value of 

unidirectional pulse, and standard diode-ca-

pacitor voltage multiplier boosts output volt-

VOLTAGE 
MULTIPLIER DC 

age to desired new volue.—A. J. Durocher, 

D-c Voltage Converter Needs No Transfor-

mer, Electronics, 37:28, p 64-65. 
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1.3 5 4pf 
450 mC 
INPUT 
(50 CI) 

480 mC 
LOCAL 
OSC 
50 n 

T - DIA x IV BRASS ROD 
TAPPED AT 0 75- and 0 375' 

FROM GROUND 

T1 — DIA x 1Y2 - BRASS ROD 
TAPPED 0 375 FROM BOTTOM 

L = 18 TURNS # 30 WIRE ON CTL COIL 
FORM # PL562C4L/20063 0 CLOSE 
WOUND FROM BOTTOM. SLUG GROUNDED 

450 MC TO 30 MC-With local oscillator 

feeding 1 mw, conversion gain is 15 db and 

noise figure 10 db. With 2N2415 r-f stage 

ahead of mixer, combined power gain is 25 

db and noise figure 6 db.-Texas Instruments 

Inc., "Solid-State Communications," McGraw-

Hill, N.Y., 1966, p 302. 

2N2415 

+ VEE 

2K 

1000pf 
22mh 

1000pf 

—V cc 

1000 pf 
6 8mh (high Q) 

L, 
50 n 
LOAD 

TO 
PREVIOUS 
STAGE 

Ri 

4 MEG 

SWITCHING INPUT CHANNEL I 

SPEECH 
WAVEFORM 
CHANNEL I 
3VOLTS 
PEAK MAX. 

-22.5V 

DETECTOR 

OUTPUTS FROM   
SWITCHED{  

CHANNELS 2 TO n   

REFERENCE VOLTAGE FOR DIGITAL CON-

VERTER-Rectifies speech signals over 30-db 
range, and allows charge of memory capaci-

tor to rise in millisec when speech input is 

applied, to form reference input voltage to 

8V 

,2v 

24K 

82K 

IKKuT 

LOGIC-LEVEL CONVERTER-Converts from 

+18/-8 y logic levels of some frequency 

converters and other digital test equipment to 

C2 

500pF 

0.1 

-6v 

1N3,25 

OUTPUT 

-6v-r 

284048 
02 

+22.5V 

+I7.5V 

GATE 

REFERENCE 
VOLTAGE 

TO DIGITAL 
CONVERTER 

o   

digital converter for ratio quantizing unit.-
J. D. Howells, Better Speech Quantizing for 

Pulse-Code Modulation, Electronics, 35:48, p 
84-88. 

commonly used 0/-6 y logic levels of data-

logging system.-C. M. Jackson, Logic-Level 

Converter, EEE, 12:9, p 61. 

LOCAL OSC 

INPUT 

MOS FET MIXER-Balanced oscillator input 

prevents interaction between tuned circuits. 

Transconductance of mixer is directly pro-

portional to oscillator voltage, permitting use 

R2 

16 K 

C6 — 

R 3 

8 MEG 

for agc.-G. G. Luettgenau and S. H. Barnes, 

Designing With Low-Noise MOS FETs: A Little 

C7 EIF 

500pF 

TO NEXT 

STAGE 

C C N 0 S 

Different But No Harder, Electronics, 37:31, 
p 53-58. 
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VOLTAGE TO PULSE-WIDTH CONVERTER—Con-

verts d-c level linearly to pulse width at 

preset frequency. Used as switching-type 

series d-c regulator. Cl is selected to give 

desired preset frequency, and R10, R11, and 

R12 are chosen for desired voltage division 

of input.—M. C. Ellis, Linear Voltage to 

Duty-Cycle Converter, EEE, 12:3, p 72. 

•••••••*r, • 

5 

32 

56 

1560 

97 # 20 • 97#20 

 • 
0+12V 
+ 

200µf — 02 

i 1 
01 2N2868 

2N2868 OR 
OR 11C1536 101536 
(GE) (GE)  

56 

.2µf 

+1E2V 

LOAD 
2500.0 

=— 

{. T, — TWO # 3C3 E CORE e* 206F440 FERROXCUEIE 
BOBBIN * 595F425 SAUGERTIES, N Y 

12 TO 162 V D-C CONVERTER—Simple and 

efficient saturating- core inverter provides 10 

w output with efficiency of 80%, using operat-

ing frequency of about 8.5 kc.—"Transistor 

Manual," Seventh Edition, General Electric Co., 

1964, p 237. 

E' 8.2K 

:133 

100K 
I% 

VOLTAGE-TO-FREQUENCY CONVERTER— Out-

put frequency is proportional in input voltage, 

with 1 volt producing 1 kc. Linearity is bet-

ter than 0.1%.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 346. 

PULSE 
OUT 

0.1 

R-F AMPLIFIER 
INPUT 

RFC 100 

• 250 K K I,000 • 250 

75K 

INPUT 

MIXER 
OSC. INJECTION 

RFC 100 
2 TO 

LOW-NOISE 400-MC CONVERTER—Voltage 

gain is 36 db, bandwidth 4 Mc, and noise 

figure only 2.5 db. Uses grounded-grid r-f 

and mixer stages. Applications include me-

teor, aurora, and forward scatter propagation 

studies.—L. F. Garrett, Low Noise Converter 

for IGY Propagation Study, Electronics, 31.5, 

p 52-54. 

+lovO  

10K 

ONO   

0.1 pf 

 1(  

2.7K L2K 

—10V 0  

D-C TO AUDIO FREQUENCY CONVERTER— 

Response is nonlinear; 1.7 y input voltage 

gives 100 cps; 1.9 y gives 200 cps; 2.25 

gives 400 cps; 3.3 y gives 800 cps; 6.2 y gives 

1,600 cps; 10 y gives 2,000 cps. Output wave-

form approximates rectangular shape.— D. 

Busby, Jr., DC to Frequency Converter, EEE, 

10,11, p 31. 

10K 

AFC VOLTAGE 

3000 
FEED 

 o 
OUTPUT 

2.21< 

IF OUTPUT 
(200KCI 

LI — 4 TURNS * 18 — 3/8" ID, APPROX. I/2"LONG 
L2 — 4 TURNS * 18 — 3/8" ID, APPROX. 1/2"LONG 
L3 — 81/2" TURNS * 18— 3/8" ID, APPROX. 3/4" LONG TAPPED AT 5 TURNS 

LIL2 — COUPLED END TO END, SPACED... I/8" APART 
RI — DEPENDS ON SUPPLY VOLTAGE. SELECT FOR BIAS OF APPROX. 

135MV ACROSS 2000 RESISTOR. 

88-108 MC F-M CONVERTER WITH AFC—Var-

iable-capacitance diode provides frequency 

control of tunnel-diode oscillator —"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 361. 
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ANTENNA 

vbb 

J 

IN3712 

(T0-0 

to0001 

CRYSTAL-CONTROLLED CB CONVERTER— Uses 

tunnel-diode oscillator.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 358. 

20V 

10V --

0 V 

^ ^ +\ 1N645 

FIXED-
AMPLITUDE  4t I 
INPUT 
PULSES CI Rt 

0.01µ F 12 K 

C2 

0.1/U F 

Di 

OUTPUT 

R3 
220K 

+20V 

al 
2N930A 

D3 

1N645 

OUTPUT TO 
LEVEL 
COMPARATOR 

-20V 

FREQUENCY-TO-VOLTAGE CONVERTER— Lin-

ear staircase generator delivers d-c output 

voltage proportional to repetition frequency 

of input pulses while rejecting short-duration 

spurious noise pulses.—M. Merlen and D. 

Grossman, Interrogator Circuit Can Tell Good 

Data from Bad, Electronics, 37:20, p 58-59. 

-12V 

NPUT FROM 
TRANSMISSION LINE 

COMMUNITY-TV UP CONVERTER— Uses tun-

nel-diode oscillator.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 359. 

IN3712 (TD - I 

OUTPUT 
TO TV 30, 

OHMS 

07 OHMS 

LOW INDUCTANCE FEEDTHROUGH 

Ri 
R2 , R3 

D2 ,03 ,04 ,D3 

S. I 

1, 

SILICON GERMANIUM 

2N389 2N457 
IN645 IN538 
5,600 8,200 

10 3.3 
IN647 IN540 

4_ 

POWER CONVERTER—Silicon transistor ver-

sion gives 15 w output from 24-v supply at 

70% efficiency, while germanium version gives 

over 100 w at 90% efficiency. With german-

ium transistors, diode Dl and supply voltage 

must be reversed.— T. R. Pye, Design of Tran-

sistor Power Converters, Electronics, 32:36, 

p 56-58. 

FREQUENCY TO D-C CONVERTER—Used in 

place of costly frequency meter for frequency 

measurements from 10 cps to 1 Mc, having 

almost any input waveform. Overall accuracy 

is 3%. Medium-power 12-v zener should be 

used to stabilize supply voltage.—T. Mollinga, 

Frequency-to-DC Converter for Lab Measure-

ments, FEE, 12:8, p 84. 
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TO BOO CHAI 
OUTPUT OF 

AUDIO 
OSCILLATOR 

71 
TRIAD S32 

TRANSFORMER 

BLUE 

BL 

SQUARE 
WAVE 

OUTPUT 

POS.I POS.2 

CR3 

CR4 

Al 

CI 
u.0613MFD 
200V 

SINE TO SAWTOOTH OR SQUARE WAVES— 

Changes 50 to 17,000 cps sine waves to 

either waveform, using only power of signal 

itself. Sawtooth is obtained from sine wave 

by linear charging of capacitors. Switch pos-

,51C 150.6 »me": 

SW-2 WIOOTH 
r‘Nt, REVERSING) 

SwITCH 

SAWTOOTH — 
WAVE SHAPE 
ADJUSTMENT 

R2 
2704 
I/2W 

SAWTOOTH 
OUTPUT 

ition 1 covers 50 to 2,000 cps, and position 

2 1,800 to 17,000 cps. CR3 and CR4 are 

IRC 60-1505 zener diodes (8 y - 0.1 v).— 

M. W. Raybin, Converts Sine Waves to Saw-

tooth or Square Waves, EEE, 10:11, p 28. 

I5K: 50011 
AUTOMATIC 725 
7 — — 1   

i
._.i ' TO FIRST 

I.F STAGE 
i 

AUTODYNE CONVERTER—Single transistor 

stage serves as combination local oscillator, 

mixer, and i-f amplifier in transistor radio. 

Mixer operates in grounded-emitter config-

uration. 1-f value is 455 kc.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 284. 

50011 
3W 

IN3T12 
(TD-1) 

200ph 

2211 

4,76800 2T 270pf 
120pf 

330pf 

4700 

INPUT FROM 
CAR ANTENNA 

.05 4711 

1000pf 

OUTPUT TO 
CAR RADIO 

El ON 

rO, OFF 

I.5V 

I SW-3 POLE DOUBLE 
THROW SWITCH 

CIVIL AIR PATROL CONVERTER—Tunnel-diode 

oscillator in self-oscillating converter permits 

reception on aviation band with auto radio. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 358. 

114646 

FERROXOUBE 
CORE 

100µF,50V TANTALUM 

  1711 

  28V 5A   
+ INPUT 

1772 

22»F,15V TANTAWM 

- 312 
511,2W 

470pF MYLAR,500V 

IN547 

3eF MYLAR 

500V 
04646 OUTPUT 

420V • 125W 

28 TO 420 V D-C CONVERTER—Efficiency is 

87%, power output 125 w, output voltage 

ripple 0.7 y p-p, and operating frequency 

10 kc. Ambient temperature range is — 50 

to 125'C. Transformer winding data is given. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 238. 



CHAPTER 20 

Counter Circuits Objects 

W 50K 2.5K 2.5K 

5K 

;50K 

5K 

A' B. 
TO 

POLARIZED 
RELAY  

FIRST THREE 
BINARY STAGES 

:50K 

SCHMITT TRIGGER CIRCUIT 

27-MC RECEIVER FOR TONE-MODULATED 

DATA—Two selective amplifiers, one tuned to 

400 cps and other to 1,400 cps, drive relays 

K3 and K4 to control printing register for 

recording remote events such as passage of 

birds through infrared curtain.— P. A. l'ove 

and J. Czekajewski, Infrared Curtain System 

Detects and Counts Moving Objects, Electron-

ics, 34:31, p 40-43. 

LAST BINARY STAGE 

10 K 

CI 
2N1694 

OAP12 

CI 

0.002µF 

R7 

2.2 K 

64, 

4.7K 

02 
2N1694 

R5 

270r 

R6 11 

680 

FEED— 
BACK 
PATH 

R1 
33K 33K 

13 3 Rio 

62 
10K 

C 

65 
10K 

04 

1N457A 

D3 
IN 457A 

A-a--A AA• 

• K RA8 R9 

22 K 22 V88. — 4.5 V 

C3 
0.002 
p,F 

R4 

1.5K 

C4 

0.002 
etF 

7 
5K 

vcce+60V 

MTEI 

ELECTRO— 
MECHANICAL 
COUNTER 
READOUT 

Ob 
2N698 

2 
I N457A 

BUTTON AND BEAD COUNTER—Tiny objects to 30 counts per second, with electrome-

passing before photodiode are counted by chanical counter readout.— E. J. Brach, Photo-

Schmitt trigger and four binary stages at up cell Triggers Counting Circuit, Electronics, 

R6 

150K 

 "VVV- -1 

FEEDBACK PATH 

38:13, p 74-75. 

148 
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K.X 1,000 

MEG 

6AX 5 

0.1 

IN 

I MEG 

--VtY 

0.05 T 

AUX 
PULSE 
OUT 

AMPLIFIER-DRIVER SPEEDS UP COUNTER-
Arrangement using neon coupling between 

tubes can increase operating speed of well. 

designed electromechanical counter up to 2.5 

times, by providing combination of pulsed 

and sliding overvolting.-R. L. Ives, Circuit 

Modifications for Boosting Counter Speed, 
Electronics, 33:7, p 112-114. 

10K 

K'S 1,000 

20V 
35V4 

ZENER 

SPEED-TRIPLING COUNTER DRIVE-Increased 

speed of 25-cps electromechanical counter to 
75 cps without affecting accuracy of count. 

Circuit arrangement simplifies power supply 

requirements. Zener diodes eliminate need 

for bias supply.-R. L. Ives, Circuit Modifica-

tions for Boosting Counter Speed, Electronics, 
33:7, p 112-114. 

GUNSHOT COUNTER-Loudspeaker serves as 

microphone for picking up loud noises such 

as from blasts, noisy auto engines, and chil-

dren on roller skates. Each input shock wave 

drives grid of 1U4 negative and fires 1D21 

strobotron, thereby dumping charge on 2-mfd 

capacitor from plate to ground through 

counter. Operates at up to 40 shots per 

second, fast enough for most automatic 

weapons fire.-R. L. Ives, Shot Counter Uses 

Strobotron, Electronics, 31:33, p 94-96. 

INPUT 

+5.2V 

-6.5V 

TO INDICATOR -6.5V 

33K 

3.3K 

TO NEXT SCALING 
STAGE INPUT 

NEON INDICATOR SCALER-Battery-powered 

stage uses binary scaling circuit with non-

saturated temperature-compensated transis-

tors, as elements of scale-of-64 circuit driving 

4-digit mechanical register.-F. E. Armstrong, 

Battery Powered Portable Scaler, Electronics, 

33:19, p 74-75. 

22nF 

Q2 
2N280 

6.8K 

Q1 
2N280 

10K 
-45V +5% 

2.7 K 

10K 

+10% 

3.3K WITH 
RPY15 

* NOT REQ'D 
WITH ORP60 

''//à/ 
RPY15 OR 
ORP60 

560 WITH RPY15 

6.8K WITH ORP60 

+10% 
455V _ 15% 

,e1OMEG 
>±1o% 8201< 

10 MEG 
+10% 820 K 

ZERO V 

03 

ACY17 

Q 4 

ACY17 

120K ZOA81 

GDA 

47K 

0A81 

V  (o - 1 
GM __ KO 8 K9 Z505S 

T .1.2 nE 

ZERO V 

33K 
+10% 

5.6K 

- 45V± 5% 

05 

0075 

18 nE 

06 

ACY17 

07 

ACY17 

0A81£ 120K 

47K 

IN476 

GDA •  
e‘ V2 

GD8  KO e K9 Z505S 
o 

-45V ±5% 

1 ,1.2 oF 

1--ZERO V 

—e. NEXT STAGE 

e270 l< 9.1K 
2W 330 K 270 K 

9.1K 
2W 

-54.4V ±5% 

-110 V ± 5% 

UNITS COUNTER 

CONVEYOR COUNTER-Senses objects as 

small as 0.2 sq cm on moving conveyor at 

RESISTORS ±7% TOTAL EXCURSION Y4 WATT 
CAPACITORS ±10e/o 150V D-C WORKING 

11N1 ESS OTHERWISE STATED 

speeds up to 25 pps.-G. Jeynes, Using Cold- ice, 38:8, p 80-89. 

Cathode Tubes to Count and Store, Electron-

TENS COUNTER 
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TRIGGER 

BUS 
ANODE 

3.9 MEG 

04202 

18 MEG 

CATHODE 

BUS 

counter for weighing and batching.—M. E. tronics, 38.7, p 76-85. 

18 MEG 

SHIFT REGISTER—Memory chain of 16 minia-

ture logic tubes (three shown) serves as Bond, Cold-Cathode Tubes as Triggers, Elec-

:› 18 MEG 

600 08M-150 MA 

COUNTER COIL 

0.05 
6CL 6 

470.0 

+250V 

o 

K.k HO (2, C. 

6.8v 
3.5 W 
ZENER 

light. Logic circuit determines direction of 

travel. Direction and pass time are automatic-

ally printed by mechanical register K1 .— P. A. 

INFRARED-CURTAIN BIRD COUNTER—System 

registers appearance of bats and other mov-

ing objects moving through curtain of infrared 

MECHANICAL COUNTER SPEEDUP—Vacuum-

tube circuit doubles speed of counter, with 

minimum of overheating and other damage 

to counter coil and mechanism. Operation 

depends on pulsed overvolting for a limited 

time, along with some sliding overvolting 

wherein excess voltage is applied to coil 

when circuit is first completed, then reduced 

so it drops below normal operating voltage 

during pull- in time.— R. L. Ives, Circuit Modi-

fications for Boosting Counter Speed, Elec-

tronics, 33:7, p 112-114. 

04200 

; 10K 

02 
04200 

:.10K 

0076 

OC 76 
08 ( 

ZS74 

+ 8 TO 10V 

6 - V 
5 -W 
COUNTER 

2N307A 

ACT-
UATING 
SWITCH 

CAT EGORIZ IN G 
SWITCH 

330 

ANTI DUPLICATION CIRCUIT— Diodes absorb 

flyback and prevent duplicate counts when 

categorized information is fed to banks of 

electromechanical counters.— R. L. Ives, Reduc-

ing Errors in Category Counters, Electronics, 

35:23, p 54-57. 

04 
0470 

0 12 

0676 

67K 500 ¶ 7K 
4 

•  

Tove and J. Czekajewski, Infrared Curtain 

System Detects and Counts Moving Objects, 

Electronics, 34 31, p 40-43. 



CHAPTER 21 

Counter Circuits Pulses 

ADF DEGREE-INDICATING COUNTER—V1 is 

used in conventional pulse-forming circuit to 

drive counter V2. Each counter tube is con-

nected to next by half of 12A77. When first 

counter passes zero, pulse at its output is fed 
to next counter.—J. F. Hatch and D. W. G. 

Byatt, Direction Finder with Automatic Read-

out, Electronics, 32:16, p 62-64. 

(B) 
SAME AS ( A) EXCEPT 
ORDER OF OUTPUT IS 
CHANGED ACCORDING 

TO FOLLOWING TABLE: 

0 BECOMES 0 

1 " 5 

2 1 

3 6 

4 2 

5 7 

6 3 

7 8 
8 4 

9 9 

2 K 

(C) (A) 

10K 33K 150K 
0.02 

I2AT7 

47K 

47K 

10K 
0.005— 

Ye* 
2K 

10K 

+300V +475V 

V2 
MOWS 

BIQUINARY DECADE WITH NIXIE INDICA-

TORS—Transistor terminals 0 to 9 represent 
connections to Nixie indicator, which requires 

no buffers. Counting rate can exceed 500 Mc, 

using 2N2708 transistors. Bi-quinary decade 

connections, shown at right and in table, 

BINARY 

1320K 39K 

1/2 12AT7 

+300V +475V 

TO NEXT 
150K 820K GOURL NG 

TUBE 

47K 

47K 

0.02 

33K 
V4 

GG106/3 

47K 

_L 
22K 

ZERO 
 RESET 

permit easy conversion to bcd.—R. Engel-

mann, B-Quinary Scaling: Accuracy and Sim-

plicity at 500 Mc, Electronics, 36:46, p 34-36. 
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GATING 
LINE 

CLOCK/ RESET 
TRIGGER LINE 
LINE 

HIGH-SPEED BUFFERED FLIP-FLOP—Buffering —D. L. Nepveux, Digital Circuits Achieve 
increases load-handling capacity and insures Automatic Control of Radar Range Tracking, 

accurate counting of 10-Mc clock frequencies. Electronics, 34:52, p 46-50. 

+12 DIODES D1,02, 03, 04,08 

06 ARE IN659'S 

Kr X 1,000 

GATING 
OUTPUT 

OUT 

+10V 

CHAN 3— CHAN 4 - CHAN 5 — 

0.1 

HI  

5oK§ 

14  

I K 

0C45 

1.5K 

1.5K 

2K 

2K 

5K 

TO 
SYNCHRO-
SCOPE 

5K 

6(82) COUNT-
41 ING 

- if-  PULSES 

32V 

MULTIJUNCTION SEMICONDUCTOR AS DEC-

ADE COUNTER—Experimental equivalent of 

cold-cathode counter tube, developed in 

Poland, can serve also as staircase wave-

form generator. Although circuit shown, with 

five p-n junctions on one side of n-type semi-

conductor bar, gives only count of five be-

fore transistor restores initial state, decade 

counter would have ten junctions on bar.—A. 

Ambroziak, Semiconductor Analog of a Cold-

Cathode Counter Tube, Electronics, 35:6, 

p 46-47. 

68K 
1N482 

0 21 Q22 
71367 11367 

1N482 0 23 
14 1 11367 

68K*GZ-1 

IN482 024 
 1 71367 

68K * GZ-1 

IN482 D2 
 h 

68K ÍGZ-1 23 
A 

330 
— 10 

e 27K 2N335 

COMMON 

10K 27K 27K 10K 27K 10K 27K 10K 27K 10K 27K 

QI 27K 
0.005 

03 

2N335 

02 
N328A 

0.005 

"AS 
27K 05 

2N335 

04 
2N328A 

27K 
0.005 

07 

2N335 

06 
2N328A 

0.005 
27K 09 

2N335 

08 
2N328A 

27K 
0.005 

27K 
.AA 

27K 470 10K 

27K 27K 

27K 10K e 27K 10K 

27K 

27K 10K 

27K 2N328A 

Q10 
10K 27K 

2.2K 

Dl 
651 - C4 

I3K 

I.5K R3 

0203 

  Q32 
2N335 

I5K 

4.3K 

3.3K R2 
D101 

R5 
220$ 

04 
SG - 22 

R 4 
68K 
'M. • 

.-10V 

10K 27K 27K 

0 12 
2N335 

°II 
2N328A 

27K 

/ 27K 10K 

0.005 

025 
11367 

CHAN 10 

10-CHANNEL 

10K 27K 27K 

014 
2N335 

I K  27K 27K 10K 27K 27X 
w. • 

0 16 
2N335 

w. 

0 18 
2N335 

0 13 
2N3284 

27K 

27K 

I--• 
0.005 

10K / 

2N328A 

27K 0.005 

0 17 
2N3284 

27K 0.005 

27K 10K 27K 10K 27 

/68K GZ-I 68K GZ-I 
h 0 26  h 0 27 

IN482 1N482 TI367 71367 
CHAN 9 J CHAN 8 

168K GZ-I 

0 28 IN482 71367 
CHAN 7 

/ 68K GI- I 68K GZ-I 

• 0 29 
IN482 11367 

CHAN 6 

I5K 

470 

Cr 10K 

0 30 
2N335 

0.01 

R1 

47K 
0 31 

2N49I 

180K 

CI 1011 21 15 

• IR051 

MULTIPLEXER—Basic counter lator Q31. Used for multiplexing conven- 110% are applied o other wo channels for 

consists of ten modified bistable mvbr stages, tional or random pulse inputs from Explorer frame identification.-0. B. King, Multiplex-
01 through Q20, coupled in usual ring man- VII satellite. Eight channels serve for infor- ing Techniques for Satellite Applications, 

ner and driven continuously by timing oscil- motion inputs, and fixed levels of 0 and Electronics, 32:44, p 58-62. 
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BINARY WITH STEERING-CIRCUIT TRANSIS-

TOR— Input goes to steering transistor that 

replaces two back-to-back diodes normally 

used to drive bases of binary transistors 
through capacitive coupling. Four-transistor 

binary flip-flop reduces total quiescent drain 

on batteries.—R.W. Rochelle, Cyclops Cores 

Simplify Earth-Satellite Circuits, Electronics, 
31.9, p 56-63. 

4 135 t 5% 

+6V 

-6V 

II5V AC 

220 K 

EVEN ANODE  ODD ANODE 
0 2 4 6 8 Îl 3 05 07 09 

10K 10K 8.2K 

2N220 2N2207 
24K 

I6K   

ODD EVEN 

BINARY SIGNAL 

4 50V RMS 

K XI,000 

21,12207 2N2207 N2207 

6.28 6.28 

% 0-1 2-3  4-5  

OUINARs% SIGNAL 

BIQUINARY COUNTER WITH READOUT— 

Simplified driver circuits require only seven 

transistors rather than ten, when used with 

6-7 

ZA41030 
OR 

ZA11032 

6.2K 

special Amperex ZM1032 tube.—Biquinary In-
dicator Uses 7 Transistors, Electronics, 36:28, 

p 58. 

ALL 
DECADES 

RESET 
ZERO 
ONO 
TO 
ZERO 

- 

+0.7V  

ONO 

3V 

ZERO 
SENSE 
43 MA 

ADD 
INPUT 

ADD: - 3V 
SUET: - 6v 

SUET  It  
INPUT 

SUBT:-3V 
ADD: - 6V 

steering transistors 09 through 016, coupled 

between collectors of flip-flops, are used as 

trigger current amplifiers and for steering 

016 

ADD 
CARRY 

SUBI 
CARRY 

ALL PNP'S ARE 
28404 

ALL NPNS ARE 
2N67111 

STEERINC; FOR REVERSIBLE DECADE COUNTER 

—Consists of four R-C coupled complementary 

saturated flip-flops 01-08. Symmetrical npn 

when counting up or clown.— R. D. Cutlson, 

Steering Circuits Control Reversible Counters, 

Electronics, 33:1, p 86-88. 
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-22V +400V 

0.001 

IN -) 
2N398 
01 

_FL sv 

4-KC SCALER—Drives glow tube at maximum 

possible rate. Uses single-shot mvbr and 

step-up transformer 01 to obtain 300-v 

pulses required to drive glow tube. Single 

TRI 
IN 

IONEG 

HD68I2 

C2 
240xe 

OUT 

;00K 

drive pulse is fed simultaneously to both 

guides of tube.—H. A. Kampf, Increasing 

Counting System Reliability, Electronics, 32:37, 

p 112-113. 

R 10K +250V 

;GER 

A 
— 0 i 2- — I2AT7 

2 IN67 .-----

.. 

-3. 

HYBRID RING COUNTER—Counts reliably up and N. C. Hekimian, Tube-Transistor Hybrids 

to about 500 kc, with trigger amplitude of Provide Design Economy, Electronics, 32:23, 

4.5 v. All stages are identical.—G. A. Dunn p 68-70. 

+495 

15K 

150K 

+40V +20v + 40y 68,teOV 

TRIGGER 6.8K 

FIRST BINARY 
2 OUTPUT 

FIRST BINARY 
8 OUTPuT 

OK 10K 
100r. JOOK 

+40V + F0v +40v 
-40V -40v 

6.8K 470 

10K i0K 
lox 100K 

+40V -,.20v +40V 

-40V 6.811 6.8K 6.8K 470 -F-40V 

-40V - 40V 

40,000-CPS DECADE COUNTER—Basic build-

ing block in counter is bistable mvbr which 

produces binary counts. Operates over wide 

range of operating voltages and tempera-

tures.—Decade Counter is Flexible, Reliable, 

Electronics, 31:49, p 104-106. 

DRIVE TUBE ANODE 

22K 

NUMBER TUBE 

COUNTING AT 6 KC—Counts pulses received, necessary.—M. E. Bond, Cold-Cathode Tubes -20 -125 

displays count, and sets carry store when as Triggers, Electronics, 38:7, p 76-85. 
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10 K? 100pF * 

-41 e I 

r— — s 

!(2.2K) 
2.7K 

[OK 

50 
OF 

INPUT 

- 

_L 10K 
ALL DIODES: IN34 

100pF ALL TRANSISTORS : SPRACJE SB100 

- ------------- AH 
___ 2  I 

FOR DASHED- LINE SCHEME,USE VALUES IN PARENS 

STAGE 2 STAGE 3 

(2.7K) 

STAGE 1 

COINCIDENCE DECADE COUNTER-Circuit 

generates coincidence triggers for advancing 

count at any instant. Two decade schemes 

are shown by broken lines connected to 

basic counter stages. With dash-dash lines, 

counting proceeds in binary fashion until 

COUNTING UP TO 50 KC-Input stage is 

Schmitt trigger QI-Q2. Diode at input of 

interstage transistor amplifier 03 clips base 

of cathode pulse.- K. Apel and P. Berweger, 

Miniature Gas-Filled Tubes For High-Speed 

Counting, Electronics, 33 8, p 46-47. 

ECC 

(2.7K) 
2.2K 

10K 

50 50 
pF pF 

2.2K 

eighth count; at ninth count, stages 1 and 4 

generate positive leading coincidence trigger 

and apply it to stages 2 and 3 to change 
them from 0 to 1, so all stages are at 1 on 

count 9. Next count then clears all stages to 

0. Dash-dot lines show connections for 

4.5 VOLTS 

ECC 

2.2K 

50_10 
pF K 

OUTPUT 

10 

10K 

100pF 

STAGE 4 

advancing the counter six units for the fourth 

count.-P. K. Malhotra and R. Parshad, Novel 
Coincidence Technique for Transistor Decade 

Counter, Electronics, 36:7, p 71-72. 

K.% 1,000 

NOT ALL EZIO CATHODES ARE SHOWN 

0A161 

6.8 OUT 

RESET IN 

1 r 30V 
1.5 
MEG ,' 

0.1 

47K 

V, 

E92GC 

I5K 

£2 
100e .1100 V4 220 330 

1.14LF EZIO 

10riuF 
 Il 

4,7K 

470 

O 

011 

12 

10 

4 K 

o 

(47K 

22 

Vs 

EZIO 
220K 

OTHER 
• COUN TING 

STAGES 

6.8 6 .8 
6.8K 

03 3 

47K 

Kr)( 1,000 

330K 

0.01 

6 

=0.02 

OUT 

0.05C". 

470K 

43 
E92CC 

27K 47 

70 

0.02 

• • 

° 
RESET 

47K 100 560K 

560 
K 

ME 

+560 

25 

1  + 280 

NOT ALL EZIO CATHODES ARE SHOWN 0.25 

25 

0.02 

i470 

COUNTING UP TO 100 KC- Uses miniature 

gas-filled decade counters that provide visual 

indication of count along with high reliabili-

ty. Schmitt-trigger input feeds mono between 

counter tubes. Can produce output after de-

sired count if counter is initially reset to com-

plement of the desired number.-K. Apel and 

P. Berweger, Miniature Gas-Filled Tubes For 

High-Speed Counting, Electronics, 33:8, p 

46-47. 
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-10 

11( 

COUNT 
COMPLE-
MENT 

220 

R3 
3300 

CR1 

Qi 
2N396 

R5 
10K 

CR8 

-10 

C2 
220 

R4 
3300 

CR2 

14  
Q2 

R2 
IK 

COUNT 
OUT 

2N396 

CR? 

CR3 CR4 CR5 

C4 C5 
330 330 

RESET ZERO'S1M +5 +5 

P R7 Re R9 
C3 2200 2200 2200 
330 

CRI thru CR6.1102569 N R 
CR? a CRB.HD 6161 
ALL C IN pF 

(A) 

H 

RIO 
2200 

R6 

10K 

F 
C6 
330 

BINARY COUNTER-Basic binary circuit can 

be used alone as at A for counting up to 

130 kc. Two circuits connected as at B give 

flip-flop operation, while one circuit with 

3 

RESET 
"I"S 

NR EH 
1 

IN 

e--

NR EH 

1 

( B OUT 

OUT (TO TIMING BI- GATE) 

IN IN 
(TIME BASE) (REF COUNTER 25) 

(C) 

external connections as in C serves as bistable 

gate.-K. H. Brackney and D. R. Gosch, Pulse 

Comparator Circuit Measures Frequency Jitter, 

Electronics, 34:27, p 54-56. 

TO SeiiTCmeNG-TuBE COUNTER 

e 

EVEN  

ODD 

+150V 

100 

—0  

FROM 
TRANSFE 
GATE GE' 

+150V 

TO 
  OUTPUT 

INDICATOR 

STORAGE 
IN3SA 

2 5687 
TRANSFER TUBE 

-,00V 

COUNT STORAGE-Magnetron beam-switching 

tube and transfer tube together serve to 

sample and store accumulated count and 

provide multioutput functions without stop-

ping original count or losing input informa-

tion during readout.-R. W. Wolfe, Decade 

Decimal Counter Speeds Printed Readout, 

Electronics, 31:3, p 88-90. 

-3 

2 

-20 

I -12V 

+12V 

82K 
RI R1 

2.2K 

-u-INPUT 
RESET 

6-1/k/Nr-
10K 

2.2K 
82K 

100 
15K 

14  

270 W1 2 270 

15K 
TRIGGER 

INPUT LINE 

»15K 

1,1 

270 270 

TRIGGER 
INPUT 

STAGE 3 

e-

15K 15K 

270 270.... 

15K 

STAGE 4 

e-

15K 15K 

270 

15K 

ALL DIODES 1N645 ALL TRANSISTORS 2N1304 

HIGH-SPEED BCD COUNTER-Elimination of 

capacitively coupled feedback increases op-

erating speed to. maximum repetition rate of 

ALL CAPACITORS IN PF ALL RESISTORS 1/2W ± 5% 

flip-flop stages. By modifying circuit as 

shown in heavy lines and adding diode DI, 

circuit returns to initial state at count of 10 

rather than 16.-P. Ward, Modified Decade 

Counter Eliminates Components, Electronics, 
38:25, p 74-75. 
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HI  

TO ALL 
—3> STAGES 

 st. E1 

C TO 
NEXT 
STAGE 

D 

04202 

• 

  04202 

TRIGGER IN 

R:10K/2K 
C.220pF 
D: 2NI70 

REVERSIBLE TEN-STAGE RING COUNTER-Can 

be operated above 100 kc. Reversible upela-

tion requires binary control, such as by bi-
stable mvbr, to determine direction. Upper 

transistors are 2N414 and lower are 2N488. 

Other resistors are 1K.-N. C. Hekimian, PNP-

NPN CIRCUITS: New Look at a Familiar Con-

nection, Electronics, 35:47, p 42-46. 

GDA K0 K .8 K9 Z504 S 
Q, 
  +5% 

--• 

33K I 

04202 

2V 5% 

045 

20 10 
1.10% 

01 1W 

ACY17 

ZERO V 

03 

8nF ACY17 

Q2 
0075 

330K* 2.2K 270K 
• 

150K 

UNITS COUNTER 

150K 

120K 
.110% 

DECADE SCALER- For accurate 

045 
INPUT 

ZERO V 

-454  

820K eIOMEG 

_10% 

04202 

150K 

GND 

E2 

TO ALL 
STAGES 

V2 

Z5O4c 

GAS-TUBE RING COUNTER-Uses Philips trig-

ger tubes in decade counter having maximum 

speed of 2,500 pps. Bias developed at 

cathode is fed through G to prime following 

stage. Readout display can be Burroughs 

Nixie HB106 or other numerical indicator. 

-P. G. Hodgson, Cold-Cathode Ring..Count,i 

Drives Numerical Indicator, Electronics, 33:14, 

p 80. 

PUSH TO 
RESET TO ZERO 

100 SA 

820K 

300K • 2/1F 

47K 

18nF 

-I(  

5 6K 270K 

120K 
110% 

RESISTORS f 7% TOTAL 
EXCURSION 1/4 WATT 

CAPACITORS 10% 150V 
D-C WORKING 

UNLESS OTHERWISE STATED 

+10% 
+455V 

-5% 

• 
• 

COMMON RESET LINE 

IOMEG 

04202 

+10% 
455V 

-15°70 

820K 

ZERO V 

V3 

Z504S 

-45 V 15% 

NEXT 
STAGE 

-54.4V '1'5% 

— ov 5% 

TENS COUNTER HUNDREDS COUNTER 

timing appli- Cathode Tubes to Count and Store, Electron-

cations up to 400 pps.-G. Jeynes, Using Cold- ics, 38.8, p 80-89. 
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+10V 

Of 

2 N70 6 

TO PREVIOUS 

STAGE 

100 

4.7K I K 

IN914 

0 2 

2N726 

+8.8 V 

>1500 

C3 

I(  
CR2 220 

330 IN 914 e  
ADVANCE 

(  
C2 TO NEXT 

STAGE 

+10V 

+8.8 V 

-- + 1.2 V 

+10V 

+1.2 V 

1-MC COMPLEMENTARY-TRANSISTOR COUN-

TER—Only one stage draws current from 

power supply, because on stage has both 

transistors conducting and off stages have 

both transistors cut off. Average power 

drawn is that of single conducting stage and 

is independent of number of stages. Circuit 

prefers off state at startup.—Counter Uses 

Complementary Transistors, " Electronic Cir-

cuit Design Handbook," Mactier Pub. Corp., 

N.Y 1965, p 129. 

2,7K 

0.005 

I K 

2N706 

POSITIVE 

CLOCK 

PULSES 

INPUT 

R 12 

R13 

2K 

R14 

- 0 

2K 

R15 

100 

Q 6 

R9 

100 

Oto 

R3 

510 

OUT 

R5 

2 K 
500-MC BIQUINARY COUNTER—Quinary di- 510 

vides input events by 5, using current-mode 

switches, and binary divides quinary output 

by 2 to give total division of 10. Chief 

drawback is difficulty of converting to bcd. 

All transistors are 2N2708.— R. Englemann, 

B-Quinary Scaling, Accuracy and Simplicity 

at 500 Mc, Electronics, 36:46, p 34-36. 

2N1595 

0.005 

N457 

0.22 

• I( • 
2N1595 

2.7K 2.7K 

0.005 005 

 I (-•°. 

1N4571 I 
1N457 

1.2 K 

2.7K1 

1N457 

0.22 

I ( 
2N1595 

2.7K 

  (-4 
05 0005• 

1N457 

1.2 K 

2.7K e 2.7K 
0.005 iy.0.005 

1N457 4 
IN457 
• 

••• 

1.2K 

2.7K !, 

0. 005 

1N457 

0.22 

27K 

I (- 4 
••• 10.005 

•  

•   

0.22 

I ( 

2 7K: 

N457 

>;I.2K 

1N457 

+20 

+ 24 VOLTS 

10 

1.2K 

15 



COMMAND TIME COUNTER-Used with time-

logic matrix to store command times for mis-

sile-launching and guidance-control systems. 

-W. R. Johnston, Multiaperture-Core Counters 

Give Nondestructive Storage Readout, Elec-
tronics, 34:24, p 62-64. 

CK 

fc 

1 

COUNTER CIRCUITS— PULSES 

PRECEDING 

STAGE 
OF 

COUNTER 

N, 
  ST 

CORE 1   

COUNT 
PULSE 

N1 

IOT 

RESET PULSE 

N6 

300 MA 

R2 
10 

V.,••••  
30T 

N5 Vb 

351 
100 

N2 CORE 2 
IOT 

SENSE 

0, 

2N697 

20 T 
N4 

Ri 
100 

READ 

RESET 

_ 
Vec 

OUTPUT I —* OUTPUT 

_ .. 
1.2 K 

2— 
e . 
OUTPUT 3—• OUTPUT 4 OUTPUT 5 OUTPUT 6 OUTPUT 7 

• 

4.7/1 

, 
:4'7K 

I. 

50 

T.'FILT 
S8 -100 

LLT 
I . 

:>5.6K 

7053 5.61(i 
4 

II 

• • 

4 a 

• 

:x 1,000 
• 

• 
—50 

OS 'TpyF 
ULSE 

— — 

1- T 
--...r. 

ii, 
— 
TT 7 

100 
OF 

TRANSISTORS AND R AN D C VA LUES FOR EACH STAGE ARE IDE NTICAL 

+Ve , + 28V 

NEXT 

STAGE 
OF 

COUNTER 

./1 

159 

RING-OF-7 COUNTER-Uses surface- barrier 

transistors in arrangement wherein pattern 

of four on stages is stepped along ring, per-

mitting maximum number of stages in ring to 

be much higher than in conventional rings. 

-W. Carlson, Ring Counter has Increased 

Count Capacity, Electronics, 31:15, p 89-91. 

+12V 

1  
24 K 2 4 K 

IOK 20 K 0T5214 20K 

,N843 
82 K 82 K 

T470pF 

BB 

INPUT 

1N643 

100 

470 pF 

"cc 

43 K 

=.-• .756 •-vv 
F 

pF 

43K 

COUNTER 
DIODE 
MATR IX 

I RI p2 I 
I2K 2K --->v 

_ _ _813_1 
10 K A o 

RESET 
ION ONE AMPLIFIER ONLY) 

o 

se 
o o 

A 

A 3 

A4 

A6 

—{ A6 

A 

A9 

INDICATOR 
TUBE 

 +170V 
10 K 

B5031 

0 0 0 0 

ZERO SET FOR 90-DIODE MATRIX-Each pulse 
+60 V 

input to flip-flop advances counter one posi- reset to zero, positive pulse is applied to transistors off.- R. W. Wolfe, Diode Matrix 

tion. Single-transistor amplifiers A1-A0 drive base of transistor in zero amplifier, to turn Shrinks Decimal Counter, Electronics, 35:13, 

glow indicator tube serving as readout. For its transistor on and turn all other amplifier p 50-52. 
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eWD 
IN 

478 

390 

OR-1 

rR.ESET 
c., 

F- FI F- F 3 

NOTE: K. X 1,000 
ALL CAPACITORS IN µµF 
ALL DIODES INI91 

10K 

3.9 K 

BWD CONT LINE 

FWD CONT LINE 

TO AND- 3 

13.9 - 45V 

I5K 47K 

85V 

330 
47K 

9 

z2' 456K 
330 

Qio 

4 
K 447K 

8.2 

8.2K , 
o 82K 

NE2 

2N534 

47K lOri 

33K 

o 

.ec 
o 

ta.11 
CC 

o 

o 

o 

3.9 

471(1 
330 156 

03 

K 

3.9K 

3301 

04 

47K 

lc% e 

390 
8.2K 

270 8.2 0  
K :(c o 

o 
8.2K 

47 K   

K 

NE2 

47K 

33K ?, 

05 

.168 
K 

o 6.8 
K K 

6,8K 

68 
3 

D, 
D2 

30  
07 

10K 6.8 

as 
IK 

6.8 

—85V 

—45V 
F- F 2 AND- 1 AND- 2 OR-2 

BACKWARD-OR-FORWARD COUNTER—Adds 

or subtracts pulses under control of appro-

priate logic circuits. All flip-flops are identi-

cal, operating in saturation mode for maxi-

mum stability.— H. J. Weber, Binary Circuits 

Count Backwards or Forwards, Electronics, 

32:39, p 82-83. 

R2 

a02 

R3 

e R, 

800pF 
R1 3K 

R2 s I K 

ANODE-TRIGGERED RING COUNTER—Trig-

gered by coupling emitters of transistors 01 

to common bus, to permit both forward and 

TRIGGER IN +E0 
Ro 

R2 

R4 

+28V D-C 

BUFFER—Used between ring counters when 

readout number has several digits, to make 

final stage of one counter fire first stage of 
next counter while resetting first counter.— 

F. W. Kear, Digital Control Uses Unijunction 

Transistors, Electronics, 34.18, p 79-80. 

MORMAL 5.211 
OUTPUT AMD 
TIUNSPER 
PULSE 

220g.pFj 220 

INPUT RESET 
MK SF SE 

CURRENT-ECONOMIZING DESIGN—Used in 

15-stage counter. Circuit is conventional, but 

to economize on current, only first three 

stages operate with relatively high collector 

currents; for these, R1 and R2 + R3 are 5,600 

ohms and transistors are 2N496. Subse-

quent stages use 0C201 transistors and in-

creasingly higher values of collector load, up 

to 22,000 ohms for 8th stage.—J. Ackroyd, 

Orbiting Spectrometer Plots Solar X-Rays, 

Electronics, 34:43, p 55-57. 

eR3 
C 

 IF 

 C>2 
02 

eR, 
0, 

Ci) 

eR3 

—*HE 

 © 02  

¿02 
R4 

R, eR, 

eR3 
DI 

R2 

© 02 

*R 4D2 

3 

82 TO 
NEXT 
STAGE 

TO ALL 
STAGES 

R4 

ED2 

02 

R3 s 1k 

R4 10K 
8, s 5 IK 

01,02 59270 
0 2N4I4 

02 2N488 

reverse operation. Use of pnp-npn pairs re-

duces power requirements, improves load ca-

pacity, increases speed, and simplifies cir-

E2 

  GND 

cuits.— N. C. Hekimian, PNP-NPN CIRCUITS: 

New Look at a Familiar Connection, Elec-

tronics, 35:47, p 42-46. 
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RING COUNTER WITH VISUAL READOUT— 

Uses only six components per stage. Combin-

ing of counter and indicator functions gives 

low battery drain. After reset button is re-

leased, 0.22-mfd capacitor insures that first 

stage turns on. Current is drawn by stage 

only when lamp is on. Any number of stages 

may be included in ring.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 203. 

R1 
IMEG 

CI 

OUT 0.001 
PRECEDING H 

STAGE 

+10SV 

>r, 47 K 

2N398 
C2 Q, 

I K 750,F 

I MEG : 

 'F  
0.01 

1 

RESET LINE (NORMALLY GND) 

4.12 V 

RI 

5.11( 

STAGE I 

RESET NC 

+12V0-0 

IN4009 

IN4009 
IN4009 
RECTIFIERS 
PROVIDE BIAS 
VOLTAGES FOR 
TEMPERATURE 
STABILITY 

0.1 id.fd 

INPUT 

+400 v 
560k 

47 K 

0.001 

2N398 
Q2 

6 8 K 30K 

TRANSISTORIZED THYRATRON RING COUN1ER 

—Each bistable circuit has two opposite-sym-

metry germanium transistors, two diodes, and 

four resistors. Additional transistor 03 trans-

FIRST STAGE 

33K 

SECOND STAGE LAST STAGE 

our 
100K 

STAGE 2 

1 
6 BK 6 81( 

OF RING COUNTER 

2NI415 

OUTPUT 
TO NEXT 
COUNTER 

01µfd RING 

1-KC SCALER—Glow-tube counter provides 

driving pulses of about 100 v, using two 

amplifiers in cascade, both saturated when 

no signals are present.— H. A. Kampf, In-

creasing Counting System Reliability, Elec-

tronics, 32:37, p 112-113. 

INPUT 
WAVEFORM 

OUTPUT 

WAVEFORM 

fers conducting stage to next position when other stages cut off.- 1 A Pecar, Ring Count-

actuated by transfer pulse. Absence of capa- er Uses Transistors, Electronics, 34:4, p 49-51. 

citors gives high-speed operation. No bias 

current is required from ON stage to keep 
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SCS BINARY COUNTER—Stages are triggered 

by positive-going edge of input. Silicon con-
trolled switch is turned on at cathode gate, 

and turned off at anode gate.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 429. 

STAGE 4 

TO PL ATES 
20K 

6 9 10 RL 

5 
ppF 

KO( 1,000 

ADD 

sue 

IN3 4 A 

SO ppF 

CC 

64345 „ 

D2 1r 

PUT 
4 

-200V 

+300V 

INPUT 
SQUARE 
WAVE 

STAGE 5 

NEGATIVE TRIGGER PULSES 

e 50-ppF 

160K Rc 

TO GRID 2 

20K 

RING-OF-10 COUNTER—Based on stepping of 

recognizable sequence of on and off stages 

along ring at each count pulse, in contrast 

to conventional ring counters having only 

one on stage to hold off all other stages. 

Circuit gives partial diagram, and article 

gives wiring table for remaining stages. Four 

on stages are stepped along ring. Time 

constants of gating circuits limit count rate 
to 240 kc, but components with foster time 

constants permit operation up to 1 Mc. 

Ring of 13 is upper limit.—W. Carlson, Ring 

Counter has Increased Count Capacity, 

Capacity, Electronics, 31:15, p 89-91. 

BI STABLE 

+40V 
WHEN ON 

470K 

68K 

0.001 

470K 
,+I65 
1-k-5V 

IN34A 

IN39 

160K 

CLOCK 

INPUT 

TD-
104 

-I.5V 

= 18 ohms Da, D4, D6 = BD — 4 (GE) 
R2 = 1.1K L1 = 0.68ph 
Rj = 68 ohms L2 = 62 1.1 

= 68 ohms L2 = 56 ph 
R6 = 470 ohms V,, = 200 mv 
Rb = 130 ohms V b = 500 mv 
R7 = 51 ohms C = 82 pf 
R2 = 10K 

MULTI-SCALE COUNTER—Changing value of 

L2 changes scale factor in range of 2 to 8. 

Circuit operates to 10 Mc at scale of 5.— 
C. A. Budde, One-Stage Scaler Needs No 

Complex Feedback, Electronics, 36:39, p 

32-33. 

 +3007/1 DRIVER 
(CIRCUIT 470K 

68K 

GTEI75M 

10M 

100V 

2 

GSIOG 

680K 

0 0 0 0 0 0 0 

9 

150K 

r-
--1ADDIDRIVE14€.0 
SUBICIRCUrr 2 r 

1. 00 

50r 

ADD BUS 
SUB eus 

BIDIRECTIONAL MULTIDECADE COUNTER— 

Single sign-determining circuit ahead of in-

L _ _J 

680K 

0 0 0 0 0 

?—• +I2V 

1114009 
1" MAY BE 
I OMITTED 

ON LAST 
STAGE 

+3 

8 

OUTPUT 

1:16 
IN 3716 

= 10 percent 
= 20 percent 

475V 

put to tens stage provides gating signals for count direction.—L. C. Burnett, Reversible Dec-

every decade, to handle rapid reversal of ade Counter, Electronics, 35:9, p 46. 
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DECIMAL-CODED COUNTER—Addition of one 

core and one diode per decade converts 

straight- binary counter to decimal-coded 

counter.— W. R. Johnston, Multiaperture-Core 

Counters Give Nondestructive Storage Readout, 

Electronics, 34.24, p 62-64. 

Ve 5T 

- ve 

COUNT 
PULSE 

+Ve 10 

+Ve 

+ 28V 20 STAGE 21 STAGE 22 STAGE 23STAGE 

ST RESET PULSE 
300 MA 

107 

N4009 3,1N4009 1N400S 

LOW-POWER RING COUNTER— Requires only 

6 mw at 1.5 v. Reset pulse turns on first stage 

with its trailing edge.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 431. 

SHIFT PULSE 
pr f • 10KC 
pr. 10 TO 20µS 

301 

IN690 I 00 

301 

351 
4 T  

201 10T 

100 100 

ST 

10T 

51 - Ve 

TRANSISTORS ARE 2N697'S 
CORES ARE XPA-2801-I ( AMPEX) 

FIRST STAGE 

VARIABLE-TIMING RING COUNTER—Shift 

pulses are generated by unijunction transis-

tors, with interval between pulses deter-

mined by CT and RT. PT can have differ-

ent value for each stage of counter, as 

shown.—"Transistor Manual,"Seventh Edition, 

General Electric Co., 1954, p 430. 

[SI ES 

01 

1.2 
MEG 

50 
mter 

56e 

20,Ara 

I50K 220 

3.3K NOT ALL E1108 CATHODES ARE SHOWN 
+289V 

0.1 56e 
8.2K  NeN,  +490V 

VT 
El 83 „ 

5.6K 47K 

50 
821e 

i i 0F 50etzT 
(-- *A--

6.8K e 6.8K 6.8K 

_i_ • = 

V3 
• 162108 

50mm 

51) 

K.X 1,000 

50 A 
OAS 821eueF 

6.8 50 68A , 50 
M,F 140> 

33 

RESET PULSE 
7V FOR > 100µS 

SECOND STAGE LAST STAGE 

1-MC COUNTER— Increasing counting speed 

to this value requires special hydrogen 

gas in counter tubes and reduction of tube 

capacitances. Monostable mvbr V1-V2 is trig-

gered by 5-v negative pulses . Cathode re-

sistors of V3 are bridged by capacitors to 

reduce effects of capacitive coupling between 

main and auxiliary cathodes.— K. Apel and 

P. Berweger, Miniature Grt-FillArl Tube's 

For High-Speed Counting, Electronics, 338, 

p 46-47. 
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UJT BISTABLE RING COUNTER-Operates up 

to 40,000 cps, with trigger pulse widths be-

tween 6 and 9 microsec.-T. P. Sylvan, Bis.. 

table Circuits Using Unijunction Transistors, 

Electronics, 31:51, p 89-91. 

+20V 

7:71.___ 

PULSE COUNTER-Unijunction transistor Q1 

serves as counter, with other counter stages 

being identical. Q3 and 04 energize and 

lock readout circuit until quench pulse is ap-

plied after next counting cycle.-F. W. Kear, 
Unijunction Transistor Pulse-Circuit Design, 

Electronics, 35:21, p 58-60. 

R1,2,3 1K 1/2 W 

R4,3,6 100K 1/2 W 

R2,9,9 1.2K 1/2 W 

6T0 1.2,3 GE G6G 

11.2,3 120V, 25W LAMP 

CR1 To 6 GE 1N2611 

Ci .2,3 0.05F 200V 

C4.6.6 0.02e 200V 

RING COUNTER USES GATE TURNOFFS-Clos-

ing of set pulse input switch turns on first 

gto, applying voltage to its lamp load. Each 

shift pulse input then transfers conduction to 

UNIJUCTION 
TRANSISTORS 2N489 

500 MC 

I/2 T, 3/16 RADIUS 

SHIFT 
DIRECTION 

SHIFT-A-A-A-I 6 V 

PULSE INPUT 

next gto and lamp.-D. R. Graf ham, Now 

the Gate Turnoff Switch Speeds Up D-C Switch-

ing, Electronics, 37:12, p 64-71. 

+30V 

R TRIGGER 

820 

2N333 Re 

95 6.8K 

ALL DIODES IN456 

SYNC CIRCUIT FOR QUINARY SCALER-Time-

base signal at 500 Mc turns Q1 on and Q2 
off at timing rate. Negative 1-v start signal 

applied to base of 01 makes 500-Mc signal 

appear at collector of 02 to serve as output 

for one of quinary scalers. Two scalers in 

parallel can measure time accurately to 

within 1 nsec.-R. Englemann, Quinary 

Scalers: Measure Time Intervals Digitally, 

Electronics, 37:5, p 34-36. 

TO NEXT 
STAGE 

30V D-C 
QUENCH 

UNIJUNCTION RING COUNTER- Provides 

switching for readout and control applica-

tions, including data display for airborne 

digital instrumentation. 05-Q6 provide re-

setting.-F. W. Kear, Digital Control Uses Uni. 

junction Transistors, Electronics, 34:18, p 

79-80. 
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100 

SET 
PUSH - 
BUTTON 

-3.0 V 

o  

330 

ALL TRANSISTORS 1131( 

CBS 2N501 

o 
 cp•IIIR .220 V 

BASE-GATED BINARY—Input counting rate is 

up to 70 Mc. Saturating transistor gate mini-

mizes turnoff and turnon delay. Flip-flop 

transition is completed in less than 16 mil-

limicrosec.—High-Speed Switching Transistors 

(CBS Electronics ad), Electronics, 33:39, p 45. 

ODD 
GRIDS 

EVEN 
GRIDS 

FLIP 
FLOP 

- 5963 

4- 150V 

FLIP-FLOP INHIBIT GATE 
FROM RESET GATE GEN 

TO 4 
STORAGE iñ 
I UBE 

O 'Kg?, 

• - 

o 

27 K 

200 

ID 

IN38A 

14 

CLEARING GATE 
FROM RESET 
GATE GEN 0 

; - 5687 

-100V 

CLEARING TUBE 

+20V 

ION 

4.7N 

.002 

ALL DIODES GROUND TO REVERSE 

IN249 

TO 
FOL LOWING 
STAGE 

SPADE GATE 
FROM 
TRANSFER 
GATE GEN 

; - 5963 

RESET TUBE 

TO SUCCEEDING 
STAGES 

SHIFT PULSE S- 10,...S 

RESET PULSE > 100,S 

20-KC RING COUNTER— Shift pulses turns 

off conducting silicon controlled switch by 

reverse-biasing cathode gate. Charge stored 

on coupling capacitor then triggers next 

gate.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 431. 

6V 

K X 1,000 

TRANSFORMER-CONTROLLED COUNTER—Uses 

conventional linear transformer in conven-

tional bistable flip-flop to store information. 

—W. M. Carey, Using Inductive Control in 

Computer Circuits, Electronics, 32:38, p 31-33. 

BEAM-SWITCHING DECADE—Counter is cleared 

when reset tube cuts off series triode in cath-

ode of beam-switching tube. Circuit presents 

high impedance to initiating gate, as required 

for resetting several decades.— R. W. Wolfe, 

Decade Decimal Counter Speeds Printed Read-

out, Electronics, 31:3, p 88-90. 

3.3K 

+15 
80011 

1N1692 

c, 
33K 0.01 TO 

NEXT 
FF 

TO GATE HOLD 

NO.344 
LAMP 1N1692 

1K 

FLIP-FLIP RING COUNTER—Complementary 

mvbr, in which Q1 and Q2 are either both 

on or both off, gives low power drain. 

Strong negative pulse applied to hose of Q2 

of first stage gives reset.—J. E. Russell, 

Ten Signals at a Glance, Electronics, 37:19, 

p 54-57. 
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INPUT 
o -u-

+12V ± 20% 

IK 

—0.65V 

+I.5V +I.5V 

BINARY NO.1 

+170V 

15K 

o o o o 
68K 

100K 

68K 
w.  

4.7K 
1 TO 5V 
10TO 20,..Cîyl .002 
prf 51(C MAX 

4.76 

002 

47K 97K 47K 

68K 

3N83 

6V± 20% 

NIXIE-TUBE RING COUNTER—Uses silicon con-

trolled switches.—"Transistor Manual," Gen-

eral Electric Co., 1964, p 430. 

BINARY NO.2 

LOW-LEVEL 5-MC TUNNEL-DIODE—With 

1N2933 germanium tunnel diode, power con-

sumption is only 525 microwatts per transis-

OUTPUT tor and binary stage. Circuit voltage and 
resistances are such that only one tunnel 

diode is in high-voltage state at a time. Sili-

con transistors, for coupling, can be pnp or 

npn.—E. Gottlieb and J. Giorgis, Tunnel-Diode 

Switching Circuits, Electronics, 36:27, p 

26-31. 

7-DIGIT BINARY COUNTER—Stores pulses re-

ceived from oscillator gate. 128th pulse 

resets counter to zero. Complete binary 

counter consists of seven cascaded bistable 

multivibrators, transformer-triggered.—W. W. 

Grannemann et al, Pulse-Height-to- Digital 

Signal Converter, Electronics, 33 2, p 58-60. 



CHAPTER 22 

Current Control Circuits 

A-C INPUT TO BE CONTROLLED 

1N547   3 

120V 400 CPS 

g Q2 
2N686 

02 
1N547 

2gD3 

05 
• 04 

cni000 

D4E 

IN547 06 
(4 ) e- 44-e 

\A.A.., 

4 

-Y-1, Ti 

07 
--M 50K D8 

1N 547 C 

0.033e,F   

(2) 

Ill 
01 R2 

(4) 390 

1N 547 

2N1671A 

Dg 
1N13596 
ZENER 

lel 

R3 

3,300 

DIO 
IN54 7 

RO 
200 

012 Dii 

50M100ZR 10 1N 547 
ZENER 

FOR MAXIMUM 
VOLTAGE LIMIT 

TO RECTIFIER TRANSFORMER 

LASER MODULATOR CURRENT CONTROL- absorb current not required by energy stor-

When modulator or pumping current for age capacitors.-5. J. Grabowski, Pulse Power 

laser is lost, output voltage of pulse trans- Supply Design for Laser Pumping, Electronics, 

former Ti will rise to limit set by zener 012, 36:51, p 33-35. 
which then conducts to make Q2 and Q3 

+0  

1on 
30V 

o  

R /0!! 

25301 

MII0 

4 / 
10 ma Use of high-breakdown-voltage 2N1599 scr 

NOMINA. O 400. 

gives 0.25% regulation at 1 ma for input volt-

ages of 10 to 400 v. Output current can be 

adjusted up to 10%. Differential amplifier 

+6v 

—6v 

CURRENT AMPLITUDE DETECTOR-Used to in-
dicate when pulsed drive currents for mem-

ory array exceed tolerance limits. Can de-

tect current pulse deviation of 10 ma from 

1.2-amp current level. RE is adjusted to vary 
current clamping level.- H. M. Winters and 

J. P. Shuba, Current Amplitude Detector, EEE, 
12:11, p 68-70. 

1-MA CONSTANT-CURRENT SCR SOURCE-

CONSTANT-CURRENT REGULATOR-Uses tran-

sistor as variable series resistor. Current will 

remain within 10% of 10 ma from short-circuit 

Q1-02 compares sampled output current 

up to maximum load of 400 ohms. - "Zener with voltage across reference zener.-R. H. 

Diode Handbook," International Rectifier Crawford, 400-Volt SCR Constant-Current 

Corp., 1960, p 59. Source, EEE, 12:3, p 74. 

167 



168 SOURCEBOOK OF ELECTRONIC CIRCUITS 

TEMPERATURE-C OMP ENS ATED CURRENT 

SOURCE—Presents 1,000 meg of output impe-

dance while supplying up to 200 na of tem-

perature-compensated current. Germanium 

diodes serve as compensating network draw-

ing 1.3 ma. Based on fact that matched tran-

sistor pairs have base-current temperature 

coefficients that are predictable as function of 

operating current.— C. C. Hanson, Low-Drift 

Current Generator Compensates for Tempera-

ture, Electronics, 39:12, p 108-109. 

+12V 

500 MICROAMP AT 30 TO 30,000 CPS— Used 

to drive 60-mh transducer at constant cur-

rent without allowing d-c through transducer. 

Achieved by biasing 03 and 04 on all the 

time, so each acts as collector resistance for 

the other.— S. Sokol, Transistor Pair Provides 

Constant-Current Drive, Electronics, 3538, 

p 56. 

6A07 6AG7 

S- I8 

Cw 

o 

HELIPOT 
3 TURN 

—40K 
15F SINGLE 

SIDED 
SQUARE 
FUNCTION 

2 

— 90 V 
470e 

(4î,-2C 
1 0 

° 
3 

65J7 

470e 

S- 2E 

3 

2 

30 

S-2A 

694 25.7K 

10 

2 
S-28 

3 

100 

180.V 

CURRENT OUTPUT TO LOAD 

'OUT TO 
DIFFERENTIAL 

MATCHED 
PAIR 

CONSTANT-CURRENT SUPPLY— Used to meas-

ure resistivity of semiconductors rapidly and 

accurately. Switch gives choice of 0.5, 5, and 

50 ma. Values are read from dial settings 

rather than meters, to increase accuracy.-

P. J. Olshefski, Constant-Current Generator 

Measures Semiconductor Resistance, Electron-

ics, 34.47, p 63. 
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AUTO GENERATOR REGULATOR— Limits maxi-

mum generator current to safe value, pre-

vents current flow from battery through gen-

erator when generator voltage falls below 

battery voltage, and regulates voltage.— 

L. D. Clements, Solid-State Generator Regu-

lator for Autos, Electronics, 33:8, p 52-54. 

3.3K 

CONSTANT-CURRENT CAPACITOR CHARGER 

—Firing angle of a-c supply voltage is de-

creased in steps after each supply cycle, to 

match charging rate of 360-mfd capacitor for 

30-kw plasma pinch space engine, so current 

pulses have identical average peak of 8.6 

amp.— F. Ellern, Capacitance Chargers for 

Spare Employ Controlled Rectifiers, Electronics, 

36:41, p 32-33. 

CURRENT 
LIMITER GENERATOR 

r2 

Re 25 R9 50 Re 75 

VOLTAGE REGULATOR CUTOUT 

VL 

AUTO 
BATTERY 

D-C SUPPLY FOR FLUOURESCENT LAMPS— 

Lamp operates directly from d-c supply, with-

out a-c conversion. Transistors form constant-

current source that controls lamp current. 03 

is controlled by Schmitt trigger 01-02. When 

lamp current exceeds preset value, voltage 

drop across 5.6-ohm resistor turns on 01, 

thereby turning off 02 and 03. When lamp 

current falls, 03 comes on again. To start, 

pushbutton closes circuit through lamp heat-

ers and shunts 5.6-ohm resistor to give 

faster heating. When button is released, 

voltage surge caused by series inductor 

ignites lamp. Control circuit then varies lamp 

current 25% above and below its average 

value at 1-kc rate. Regulator losses are 

only 3 w.— D. B. Hoisington, Direct Current 

Regulator Drives Fluorescent Lamps, Elec-

tronics, 39:17, p 94-95. 

I TIMING CIRCUIT 

L 

110V 60'l, 

(4)IN1695 

25K 

200 

2N167 

• 

1K 
0.1M 

2N524 

0.2 2N16716 

A 

390 

82 
B, 

1N1527 
ZENER 

5 

2N1777 

16158 

• 

3 

2N1777 

1615R 

16158 
5mH 

—e-• •  

1,600 
LOAD 
CAPACITOR 

RELAY 
A A 

500 
RELAY 

50K 

36K 

28 V 
POWER CIRCUIT D- C 
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1 N 

lout 

22 K 

-150V 

02 
2N2524 

CO2 E02 

3 

5 MEG 

0 001 

6BN 6 

100 K 

1.8K 

ALL RESISTORS 
RN60C 

CONSTANT-CURRENT GENERATOR—Provides 

2.8 microarnp, regulated within 0.75% over 

range of 20 to +60 °C, to feed emitters of 

low-level differential amplifier. Circuit com-

pensates for base-emitter voltage change 

with temperature.—M. Wolpert and D. 

Spooner, Temperature-Compensated Constant-

Current Generator, EFE, 12.12, p 58. 

2 K 

+ 300V 

10 K --r 

2D21 

10 V — I5V 

2.5 K f2 2 K 

—150V 

K.XI,000 

TRANSISTOR OVERLOAD PROTECTION— Cur-

rent greater than 3 amp flowing through 

0.47-ohm resistor in emitter of current-switch-

ing transistor QI drops voltage on base of 

02, causing 02, 03, and 04 to saturate. 03 

opens circuit immediately and keeps it open 

for duration of overload. For complete short-

circuits, 04 latches K2 to provide positive 

protection.— F. W. Kear, Fast-Response Over-

load Protection, Electronics, 33:7, p 125. 

1000 

TEMPERATURE - COMPENSATED CONSTANT-

CURRENT GENERATOR—Reverse voltage char-

acteristic of zener, in conjunction with base-

emitter characteristic of transistor, stabilizes 

collector current by maintaining constant 

voltage across R from 55 to - 25°C.—Tern-

2N4 95 

LOAD 

50,000-AMP SINGLE-PULSE CURRENT SWITCH 

—Simple triggered-gap switch operates at 
voltages down to 1 kv to control switching 

with time jitter of only 0.1 microsec between 

successive pulses. Can be used for magnetron 

testing, surge-current generator, and flash-

lamp source. Output of trigger generator is 

damped sine wave having sufficient ampli-

tude to break down gap in switch and initi-

ate current pulse. VI and V2 serve as sharp-

ener for triggering pulse.— E. H. Cullington, 

W. G. Chace, and R. L. Morgan, Low-Voltage 

Trigger Controls High Currents, Electronics, 

31:15, p 86-88. 

- 20V 03 RAIE1 

PRECISION CONSTANT-CURRENT SUPPLY— 

Reference amplifier, consisting of integrated 

zener diode and npn transistor, acts with 02 

to maintain constant reference voltage across 

R4. Current through R4 equals load current 

except for relatively small base currents of 

02 and 03. Current drift over 15 hours is 

less than 0.01./0.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, 

p 233. 

+22V 

1N467 

4V ZENER 

4700 

perature-Compensated Constant Current Gen-

erator, " Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 169. 
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PROTECTION 
CIRCUIT 

+1 

OVERLOAD PROTECTION—Protection circuit 

detects excessive load current and reduces 

output voltage proportionately. Values shown 

limit output current to 530 ma for short-cir-

cuit, while holding output voltage at 10 

during normal operation.—C. Yorker, Over-

load Protection Circuit Uses Low-Power Tran-

sistor, Electronics, 3513, p 60. 

cpii-110 CURRENT- LIMITED DIODE 

IN OUT I2V 
I8- 38V INI605 0-100FA 

CURRENT REGULATOR FOR 0-100 MA—Con-

stant-current Currector diode and shunting 

zener diode together maintain constant cur-

rent over extremes of input voltage for both 

normal and shorted loads.—N. Welsh, How 

Diodes Keep Current to Constant Value, 

Electronics, 36:4, p 74-78. 

CONSTANT-CURRENT CONTROL—Uses pnp 

and npn current sources connected to regu-

late each other's reference. Values shown are 

for 1 ma, but RI and R2 can be changed to 
give other constant value of current. Applied 

voltage must be at least 8 v.— F. C. Allen, 

Two-Terminal Constant-Current Device, EFE, 

13:10, p 71-72. 

CP7-I.00 

-vcc 
CURRENT- LIMITED DIODE 

OUT 

CONSTANT-CURRENT DIODE AS COLLECTOR 

LOAD—Current-limited Currector diode iso-

lates transistor amplifier output from changes 

in supply voltage and serves also as col-

lector load impedance. Gain is over 60 db 

at 50 to 100 kc.—N. Welsh, How Diodes 

Keep Current to Constant Value, Electronics, 

36:4, p 74-78. 



CHAPTER 23 

D-C Amplifier Circuits 

FET SAMPLE-HOLD D-C AMPLIFIER— Has low offset adjustment period.— L. J. Sevin, Jr., 

output impedance for rapid charging of "Field-Effect Transistors," McGraw-Hill, N.Y., 

sampling capacitor, unity gain, and no d-c 1965, p 114. 

—15V 

BALANCING D-C AMPLIFIER— Gain is 300. 

Detects slow changes at summing point of 

operational amplifier, amplifies drift voltage, 

and provides opposite-polarity output signal 

for second input grid of operational ampli-

fier, much as in null- seeking servomechanism. 

—L. S. Klivans, D-C Amplifiers for Control 

Systems, Electronics, 31:47, p 96-100. 

J N 

INPUT 

SHIELD 

+I5V 

/ 33K 27K 10K 
SW6G/D/ 

2NI69A 2N2I8 

/ 
I I 

I K 

15 

3.3K 

2N169A 

15K 685 4.7K 

56K 

2N2I8 

150 IK 

2NI69A 2N669 

150 

co 

500 

250 

100 

GAIN 

0 

M 
6V 

400CPS / 

2 

 o 500 

1250 

 0100 

 01,000 

4.7K 

2N169A 2N2I8 

10K 

4.7K 

25K 
3 

350 

)2N669 

2N169A 2N2I8 

+I5V 

4.7K 470 

OUTPUT 

K r X 1,000 

CHOPPER-TYPE DATA AMPLIFIER— Careful de- within 0.01% for long-term operation ( 1,000 minus 10 v.— F. Offner, Transistorized Data 

sign of transistor circuits between chopper hours) from 15 to 35° C. Linearity is equally Amplifier Has High Gain-Stability, Electronics, 
input and chopper output gives gain stability precise for normal output range of plus or 33.27, p 55-57. 
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COMPLEMENTARY - PAIR LOW - LEVEL— Dual 

transistors provide extremely high gain, to 

give greater stability with fewer stages. Cir-

cuit has low drift and high common-mode 

rejection ( 120 db) for either differential or 

single-ended outputs. Differential input impe-

dance is 500K minimum, gain-bandwidth 

product is 5 Mc, and low-frequency voltage [ 
gain is 68 db.—Texas Instruments Inc., impolo,__, 

"Solid-State Communications," McGraw-Hill, [±-   - 
N.Y., 1966, p 290. _ 

I3K 

Q — 2N2642 
Q — 282643 
Q — 282805 

5K 82K 82 

• • IN7544 
P3K 

 (2N2641 

IQi 
:4 7K 

2N24I 

o lufer- F 

8.2K 

100 «0. 

2.4K 
I3K •—•—o 

Q2 
2N735 

•  1N758 

62011 IN747 Z 2K 

o 

o 
+15v 

lpf 

2NI131 lpf 

• • • • • o -20v 

Notes (I) Input shields ore the outer conductors of RG 114/u. 

(2) 01 and 02 are 

field-effect 

transistors matched 

for IDss between 

2 and 6 mo, 

Vp < 6v, and 

IGss < 10no,all 

within e% 

FET UNITY-GAIN D-C AMPLIFIER—Each base 

of 2N264I dual transistor is driven by source-

follower fet's QI and Q2. QI performs im-

pedance transformation, while Q2 closes 

feedback loup und t€nd:, to cancel rhringes 

in parameters due to temperature variations. 

—L. J. Sevin, Jr., " Field-Effect Transistors," 

McGraw-Hill, N.Y., 1965, p 102. 

Input 

o 

UNITY-GAIN TEMPERATURE-STABLE D-C AMP-

LIFIER—Two bootstrapped cathode followers 

are combined to form differential input stage, 

where one gate serves as feedback input 

and other as signal input. Field effect tran-

sistors QI and Q2 are matched.—Texas In-

struments Inc., " Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 139. 
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75K 

-12V 

LOGARITHMIC INPUT CURRENT COMPRESSOR 

—Simple d-c logarithmic amplifier compresses 

positive input current into logarithmically re-

lated input voltage.—G. W. Candel, D-c Log-

arithmic Amplifier Compresses Input Current, 

Electronics, 39:10, p 91-92. 

INPUT STAGE 

100h 
ZERO 
SET 

V4A V48 
1/2 12AT7 1/2 I2AT7 

ULTRAHIGH-IMPEDANCE AMPLIFIER— Bridge-

balanced series-compensated d-c amplifier 

using ordinary vacuum tubes gives input im-

LOW DRIFT WITHOUT CHOPPER—Developed 

for airborne or missile telemetry. Gain is ad-

justable. Has wide frequency response, high 

common-mode rejection factor, and high 

input impedance, along with gain stability 

of 0.75% over wide temperature range.— 

R. D. Middlebrook and A. D. Taylor, Differ-

ential Amplifier with Regulator Achieves High 

Stability, Low Drift, Electronics, 34:30, p 

56-59. 

+12v 

FET OPERATIONAL AMPLIFIER—Open-loop 

voltage gain at direct current is above 

100,000. When operated open-loop, makes 

excellent voltage comparator having high 

resolution.— L. J. Sevin, Jr., " Field- Effect Tran-

sistors," McGraw-Hill, N.Y., 1965, p 107. 

SECOND STAGE 

pedance of 250,000 meg, for precise voltage 

measurements without loading high-imped- Electronics, 35:40, p 49. 

once circuits.— J. Morrison, For Precise Meas-

OUT 

urements An Ultrahigh Impedance Amplifier, 
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CONTROL FOR VOLTAGE-TUNED OSCILLATOR 

—Input d-c control voltage required by SiC 

varistors of voltage-tuned oscillator is boosted 

by d-c amplifier stages that produce two 

control voltages ( at A and BO for SiC vans-

tors of phase- shift oscillator circuit, changing 

their a-c resistance and thereby oscillator 

frequency.—M. Uno, Varistor Network Con-

trols Voltage-Tuned Oscillator, Electronics, 

34:30, p 44-47. 

INPuT 
CONTROL 
VOLTAGE 

P 5KC CARRIER OSCILLATOR - 1 DETECTION CIRCUIT 

+10 
750 

1111645 

1 
NP 

211 

8 28 r. 

IN-

i 

2141152 

ZOOK 2371( 

-20  

Lin AMPLIFIER* KZ114_ 

COK I A2 AMPLI FIER - IDENTICAL — 1  

L TO AI AMPLIFIER 

HIGH- INPUT-Z UNITY-GAIN—Source-output 

connection provides feedback. Cascade input 

stage has high gain, as required for good 

amplifier gain accuracy. Upper cutoff is 5,000 

kc for 10,000-ohm generator resistance.— 

Texas Instruments Inc., "Solid-State Commu-

nications," McGraw-Hill, N.Y., 1966, p 141. 

0.8-18p f 

6.8K 
c'.-A v • 

Input 
O 

Zero 

Ad j 
2K 

10K 

KIN 

D— C AMPL 

5K 
10M 

ACTIVE REDUNDANT D-C AMPLIFIER—Test 

carrier signal is added to input of normal 

amplifier Al. When failure occurs in Al, de-
tector senses absence of test carrier and 

causes relay K to change over to amplifier 

A2. Both amplifiers are differential type, 

having open-loop gain of 1,000 and closed-

loop gain of 10. Open-loop response is flat 

to about 2 kc, and closed-loop response ex-

tends beyond 5 kc.—T. B. Hooker, Designing 

Redundant Analog Amplifiers, EEE, 13:2, p 

55-59. 

7 

S 
) 2N2386 

D 

..•,2N2411 

IN758 

I 5K 47K 

1 5pf 

I  
300f1 

2N929 

I8K IN759 

 0+28 v 

2N17Il 
 0 Out put 

6.2 K 

 é o 28 v 
  00v 
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'co' 

I 

HIGH INPUT IMPEDANCE—Gives current gain 

of 1,000, voltage gain of 40, input imped-

ance of 0.4 meg, and good short-term tem-

perature stability. Output stage is battery-
coupled.—D. Schuster, D-C Transistor Amplifier 

for High-Impedance Input, Electronics, 31:9, 
p 64-66. 

.. 
2K 10K ZERO ADJ E22K I°K 

SE110 1N8161 

STRAIN-GAGE AMPLIFIER—Battery-powered 
circuit for low-impedance transducers has 

voltage gain up to 10,000 with low noise and 

Z-. 

400-CPS SUMMING AND POWER AMPLIFIER 

—Used in either 60 or 400-cps control sys-

tems in which several signals must be 

summed and amplified in precise manner. 

Also used for broadband equalization when 

load impedance is below 25,000 ohms and 

fil 
METER RELAY 
2-0- 2 pa 

INPUT CHANGE RATE TRIGGERED RELAY— 

Sensitive and stable d-c amplifier operates 

relay only on rapid changes of input voltage, 
yet is immune to drift. Will also operate on 

a-c signal, which is the same as rapidly 

changing d-c signal.—Rate Circuit, "Electronic 

Circuit Design Handbook," Mactier Pub. 

Corp., N.Y., 1965, p 239. 

low drift.—D-C Amplifier uses Solion Tetrodes, 
Electronics, 35:39, p 108. 

phase lag must be minimum. Phase shift is 

less than 5° from d-c to 400 cps. Open-loop 

gain is above 5,000.—L. S. Klivans, D-C Amp-

lifiers for Control Systems, Electronics, 31:47, 

p 96-100. 
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OPERATIONAL D-C AMPLIFIER— Ideal for con-

trol systems and analog computers because 

of broad passband and large control-system 

response characteristic. Open-loop gain 

above 15,000. Output swings 100 y into 

20,000-ohm load. Can be used from d-c to 

20 kc at unity closed-loop gain.— L. S. Klivans, 
D-C Amplifiers for Control Systems, Elec-

tronics, 31:47, p 96-100. 

STARVED D-C AMPLIFIER—Serves as wide-

band input stage for chopper-stabilized amp-
lifier that resolves 10 microvolts. Bandwidth 

is 100 kc, equivalent input noise is less than 

10 microvolts rms, and input current is only 

8 nanoamperes.—Starved DC Amplifier Has 

Low Noise, High Z, " Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y , 1965, 

p 108. 

OUTPUT 
ZERO 

l5t 10. 

POWER-SUMMING D-C AMPLIFIER—Open-

loop gain is 2,000 and maximum voltage 

swing is 10 y into 2,000-ohm load. Maximum 

closed-loop gain should be 50 for good sta-

bility. Used for straight resistance summing 

of several input signals.— L. S. Klivans, D-C 

Amplifiers for Control Systems, Electronics, 

31:47, p 96-100. 

dif-TELEMETRY SUMMING AMPLIFIER—Uses 

ferential dual-triode first stage, voltage amp-
lifier, and current and voltage-limited cathode 

follower to give output swing of 5 y above 

and below 0. Open-loop gain of 2,000 is ob-

tained with positive feedback in last two 

stages. Used to isolate transducers and to 

amplify d-c or low-frequency signals in air-

borne or ground-based telemetry systems.— 

L. S. Klivans, D-C Amplifiers for Control Sys-

tems, Electronics, 31.47, p 96-100. 

CURRENT-SUMMING OPERATIONAL AMPLI-

FIER—Uses current-summing to hold voltage 

at input node R1 at 0 v. With more than one 

input, there is exact summation of inputs, 

with no interaction. As sine-wave amplifier, 

gain is 1,000, and bandwidth for transistors 

shown is d-c to 20 kc.—C. J. Ulrick, Mieiimum 

Interaction Summing Amplifier, FEE, 12:2, p 

30. 



CHAPTER 24 

Delay Circuits 

+24V 

+I2V 
, RI 

-1i- 47K 

R2 
4.7K 

J_ 

R4 
6.8K 

(21 sej 
2N404 4 

al ,, C2 R9 R10 
2N697 47'pF 2.2K 2.2K 

 I( - Noe. t V404 

-!2V 

EXT DELAY 
VOLTAGE 

ADJUST DELAY VOLTAGE 
+I2V 

R12 
220 

R 
6.8K 

VO4 -0.5V 

= OUTPUT 

VOLTAGE-CONTROLLED DELAY GENERATOR going pulse and incoming echo.-C. K. Friend 
-Accuracy is 0.7%, with high stability. Used and S. Udalov, Stabilized Delay Circuit Pro-

in radar range tracker, which requires ac- vides High Accuracy, Electronics, 34:15, p 
curate voltage analog of time between out- 78-80. 

TURN- ON TURN-OFF 
DELAY DELAY 
STAGE 1 STAGE 2 

28V 1 
INPUT I 

L - -I 

STAGE 1 

R1 - 1M 

R2 - 680 

R3 - 330 

R4 -100 

- 2.5µF 

-2N1671 

r:----- ----i r 

 -1 L 

R5 - 82K C2- 2.5µF 

ON- OFF 
CONTROL 
STAGE 3 

STAGE 2 STAGE 3 

R9 -1 K 

R6 - 22K 04 - 1N645 R10-1.2 K 

R7 -1M 02- IN645 R11 - 220 

Re - 75 02- 2N167IA R12-470 04 - 11464 3 

0, - 2N1132 C3 - 0.056µF 05 - IN645 

03 - 1N645 04 - 2 N388 

SCR1-2N1595 05 -  2N1132 

VARIABLE TURN-ON AND TURN-OFF-Both 1.5 to 1,500 millisec. Maximum turn-on de- -C. R. Mora, Delay Circuit Varies Turn-on, 
input and output delays are variable from lay cannot exceed duration of input pulse. Turn-off, Electronics, 39:7, p 92-93. 

IN 
A 

CR ) 
56K IN457 

DUAL DELAY-Two-transistor circuit produces 

pulses of finite width that start finite time 

after reference pulse. Initial delay is de-
termined by R1-R2-C1 and pulse width by 

C2-R4.-H. P. Brockman, Circuit Provides Dual 
Delay, Electronics, 32:18, p 62-65. 

INVERTER 
AMPLIFIER 
STAGE 4 

28V 

127.5V 
'OUTPUT 

L -J 

STAGE 4 

R13- 390 

R14- 3.3K 

R - LOAD RESISTOR 
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NI694 

3.9K 
I W 

START 
SWITCH 

120V 
60 CPS 

SPRAGUE 
3IZ286 

MERCURY 
RELAY 

HG3A - 1004 
+6V 

SOLID-STATE DELAY WITH A-C OUTPUT— 

Timing sequence is initiated by switch, which 

applies power to ujt circuit. When emitter 

voltage of ujt reaches peak point, Cl re-

mains charged and ujt oscillates at high 

frequency. Resulting pulses turn on scr's 
through pulse transformer, applying voltage 

to load.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 322. 

REFERENCE NO.1 NO.35 

REFERENCE TEST 
CORE CORE 

Y 
TO DIFFERENTIAL PRE AMPL oc 
T F ATRONIX OSCILLOSCOPE 

VARIABLE DELAY FOR ANALOG SIMULATION W. H. Ko, Versatile Analog Storage uses Fer-

-Uses thick-walled ferrite cores to store volt- rite Cores, Electronics, 35:39, p 60-63. 

age levels as flux levels.—W. C. Till and 

117- VOLT 
A-C SUPPLY 

E 

4 V e  

C2 4.— 
so ^ 

• 

TIME 

S1 
15K 15K 

261. 

• 

TIME 
DEL AY 
ADJUST 

CI 
2 

R2 
470 

2N2647 

R5 

47 

60-100 
WATT 
LAMP 
LOAD 

Di 
C208 

LINE-OPERATED DELAY—Operates directly ad ustable from 8 millisec to 5 sec for amp 

from 117 y a-c line to provide time delays loads up to 100 w.—D. V. Jones, Quick-On-

The-Trigger Design, Electronics 

105-110. 

38:12, 
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RI 
INPUT o •••••. 

_k 

INPUT o  
2 

CAL If3   
TRIG. ° 

1,1:)011 

150 n sec 
Z0.33011 

2N3029 

+100 V 

300K 

IN697 

150n sec 
Z0 .33011 

CALIBRATE I --e—t  

CAL IB. 2 

2N3029 
SCR , 3 

300e 

1N697 

14  

2k 
300 

MEASURING NEARLY SIMULTANEOUS EVENTS apart as 200 nsec. Twelve identical circuits, 

—Used for measuring 12 events that can be one for each trigger, drive magnetostrictive 

as close together as 20 nsec and as for delay line for serializing events.—R. P. Rufre, 

Rt 

; 3.3 TO 
1,000 
MEG 

Di 
SSO 
708 

CI 
••••••• 01 TO 0 8 

MYLAR 

R3 

15 MEG 

01 

2N2647 

+28V 

R4 R2 

470 3100 

C3 
0 001 

1N536 — 

RELAY DELAY—Unijunction transistor i used 

to delay operation of relay from 0.5 sec to 

3 minutes. CT-RT determine delay interval. 

—D. V. Jones, Quick-On-The-Trigger Design, 

Electronics, 38:12, p 105-110. 

2N2646 

EXTERNAL 

LOAD 

1K (RELAY, ETC) 

Dl 
C 9F, C12 F, C 20 F, 

C3OF OR C4OF 

0.0056 R3 

IN697W 

OUT 

IN- I 

19.47 

20K 

CL AMP 
LEVEL 

IN- 2 

+12v 

How to Measure Simultaneous Events with 

Magnetostrictive Delay Lines, EEE, 14:5, p 

44-49. 

LONG DELAYS—Delays up to 2 hours are ob-
tained, using unijunction transistor QI as 

trigger for scr and 02 as free-running oscil-

lator. Only 2 na through timing resistor R1 

will provide triggering.— D. V. Jones, Quick-

On-The-Trigger Design, Electronics, 38:12, p 

105-110. 

+28V 

EXTERNAL 
LOAD 

SCR TIME DELAY—Unijunction transistor QI 

and low-cost scr DI give time delay of 0.4 

millisec to 4 minutes, adjustable by CT-RT.— 

D. V. Jones, Quick-On-The-Trigger Design, 

Electronics, 38:12, p 105-110. 
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SIX-STEP RING DELAY—When double-triode 

blocking oscillator is fired by input trigger, 

it delivers 0.6-microsec pulse into 1-microsec 

delay line which, in turn, delivers pulse to 

next delay line. After sixth delay, pulse is 

used as trigger for next ring unit.—M. T. 

Nadir, Microsecond Sampler Handles 126 

Channels, Electronics, 32:4, p 36-39. 

VI 

Unless otherwise stated: 

Rin ohms; L ir4ch; 

C>linpf; C<Iingf. 
C2 mirt e_ ral_e  

3300 

Components: 
Maximum duration 

<1000 ,,sec 
1000 to 5000 »sec  

R3 C3 

 1.0Mn 100 to 1000 pf 
3.3M0 330 to 2200 pf 

TRIGGER +300V 

N 220 
270,,F 

5687 
0022 

PREFERRED FAST-RECOVERY PHANTASTRON 

DELAY—Generates rectangular waveform 

whose duration is almost directly propor-

tional to control signal. Used to produce 

movable markers on radar display and to 

time-modulate pulse in accordance with vari-
able quantities such as antenna position. 

Maximum recovery time is 40 microsec. Con-

trol signal is 20 to 240 I", input 1 is — 15 v, 

and input 2 is +20 v. Output 1 is +60 v and 

output 2 is — 10 v.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. I, Electron Tube Circuits, 

1963, PC 57, p 57-2. 

-40V —I--

..aot 

=120,AF 

\ 4.76 5K 
PULSE 

TRANSFORMER 

IN305 0.0015 
0.0015 

IN305 IN305 
14 14 

2.5MTI 
SIG IN I 

2.5101 

SIG IN 2 
- 0.8ptSEC 

DELAY LINE,4SEC,TOTAL 

—I— —I--

SIG 
IN 
5 

1- N305 
22K 

SIG IN 6 
6.0 1,000 

TRIGGER 
OUT 

470e 5.6K 

SWEEP 
IN305 puts( 

DIM'S OUT 
04  

6K 

5.66 
SeVIL 

MOD 
PULSE 

INDOS our 
14  

0.58 TO 4.65 MICROSEC DELAY—Saturated 

germanium transistors give variable time de-

lay for 27-v input pulse having 2.75-microsec 

width, with R2 controlling delay time and R1 

controlling output pulse width.—R. H. Blumen-

thal and F. E. Williams, Transistor's Stored 

Charge Controls Pulse Delay, Electronics, 

37:19, p 52-53. 

-6V -18 

RI R7 
2.I5K CR2 CR4 2.I5K 

IN695 IN695 

IN695 

CI 

- CRI 

MONOSTABLE DELAY—Designed to perform 

delay function in digital logic circuits for 

computer, control, and communication equip. 

ment. Choice of feedback capacitor Cl gives 

delay range from 2 microsec to 100 millisec. 

R3 may be made variable for further adjust-

ment of time delay.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. II, Semiconductor Device 

Circuits, PSC 10 (originally PC 213), p 10-2. 
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VI 
5726 

CONTROL RI 

SIGNAL 22K 

CI 

1000 

Unless otherwise stated: 

Rin ohms; L in ; 

C > I in pf ; C< I in kaf. 

> INPUT 2 

+I5V 

C2 

If-
3300 

PREFERRED PHANTASTRON DELAY—Accepts 

20 to 280 y control signal, 15-v negative 

pulse at input 1, and 20-v positive pulse at 

input 2. Output is +60 v, and output is — 10 

v. R3 can be 1 to 3.3 meg and C3 100 to 

1,200 pf, depending on minimum and maxi-

mum duration desired.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, PC 56, p 56-2. 

+300V 

6 MSEC TO 1.5 SEC—Provides continuously 

variable delay having good settability over 

entire range due to use of single log-tapered 

pot R1.—S. G. Freshour, Wide-Range Variable 

Delay Circuit, EEE, 14:3, p 62. 

e.,500 

+I5V 

R4 

100K 
D3 75K 

50 IN457 

DI 
T6G 

+90V +22V 

751( 

T6G 
D2 

CI 

3,900pF 

2N479 
al 

R10 

390 909 
R19 SEÑSITOR 430 0.1 383 T  

-t\ 
-I8V 

220-M1CROSEC PHANTASTRON DELAY—Tim-

ing accuracy of 1% is achieved by adding 

D4 
619 

SV-5 

2N404 
07 

2N404 
08 

02 
R9 

Ds 

SV-5 

R6 
47K 

OUTPUTS 

R7 
221 

R8 
2.2K 

INPUT 
TRIGGER 

0 

e R5 

5360 

2N475 
03 

C3 

-240pF 

2N480 

Cl 

02 54F 470 17.» 

2N1305=  

R4 
72 

SLOW - MAKE , FAST- BREAK ( s= 0.1 SEC) 

SLOW-MAKE RELAY—Circuit energizes relay 
with delay controlled by R2-C1 after driving 

pulse is applied. Relay de-energizes the in-

stant driving pulse is removed.—P. Haas, Tim-

ing Circuits Control Relays, Electronics, 38:6, 

p 85. 

C2 

750pF 

R14 

261 
R15 

51,470 

D6 
T6G 

+90V 

R6 

75K 

2K 

-I8V 
temperature-correcting features to basic solid-

state circuit.—S. R. Parris and' D. A. Steer, 

+I5V 

Rit 
2K e 

2N385 

DELAY OUT 

'COMMON 

De K 
T6G 12.1 

 e 14 +6V 

2N385 
05 

D12 

T6G T6G 

T6G 

DI3 

C6 

-F0.001 
TRIGGER 
INPUT a-6V -I8V 

Highly Accurate Phantastron Delay Circuit, 

Electronics, 33:43, p 72-74. 

R20 
196 

R2I 
316 

+6V 

2N385 

04 

4.75K 
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DELAY MULTIPLIER—Addition of silicon uni-

junction transistor Q3 to conventional mono-

stable mvbr expands time delay two orders 

of magnitude.—M. P. Humblet, Unijunction 
Transistor Multiplies Monostable's Pulsewidth, 

Electronics, 35:26, p 74-75. 

GE 
Z4XLIBB 

2V H47 pF 
TRIG 

T 

560n 

R 3 
.33 K 

+I5V 

, R2 Di 
I41  

+ I 5V 

R4 

+28V 

EXTERNAL 
LOAD 

R9 
33K 

R6 
100 

SCR-UJT TIME DELAY—Timing interval is in-

itiated by applying power, and is determined 

by RT-CT. At end of interval, unijunction 

transistor triggers silicon controlled rectifier, 

to apply essentially full supply voltage to 

load. Delay range is from 0.4 millisec to 1 

minute.—"Transistor Manual," Seventh Edi-

tion, Geoleral Electric Co.. 1964, p 321. 

GN D 

+90V +6V 

e R6 +10V 

_ -2V 

BASIC 4-TRANSISTOR PHANTASTRON—Article 

traces operation and analyzes sources of 

timing errors.—S. R. Parris and D. A. Stour, 

Highly Accurate Phantastron Delay Circuit, 

Electronics, 33:43, p 72-74. 

-3V 
-6V_ 

 3 

-3V 

4-1 5V 

© 03 

-I8V 

R22 

+I5V 

R17 

OUTPUT 

125v-, r 
3V 

Si- P-0.1 

D11 

 •  3V 

D13 
D12  

Tc6 
INPUT 
0 —1071--r 

- el 14- 2 5 uS 

7V 
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NONPRECISE PHANTASTRON VARIABLE DE-

LAY—Used to delay beginning of crt sweep 

for expanded display. Provides three ranges: 

0 to 5, 60, and 200 miles. Circuit is basically 

cathode-coupled phantastron, with additional 

coupling by returning suppressor and screen 

to same divider. Cathode follower reduces 

recovery time and provides low-impedance 

point for range switching.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube Cir-

cuits, 1963, p N9-3. 

INPUT 
+12v 

0 V 

NONPRECISE PHANTASTRON VARIABLE DE-

LAY—Used to delay beginning of crt sweep 

for expanded display. Range is 5 to 175 

miles. Trailing edge of screen waveform is 

differentiated and used to trigger blocking 

oscillator through trigger amplifier.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N9-3. 

+12V +12V 

R2 
520n C. 

200P' 

Rl 

1.5 K 

FAST RECOVERY—Addition of C2 to basic 

circuit reduced recovery time from 2 microsec 

11K 

to 0.5 microsec. Used in computers.— L. C. 

02 
N 4 8 28 

1N4 82E3 

NONPRECISE PHANTASTRON VARIABLE DE-

LAY— Is triggered by positive pulse on sup-

pressor instead of negative pulse on plate. 

Crystal diode prevents interruption of phan-

tastron operation by trailing edge of trig-

ger. Used to delay beginning of crt sweep 

for expanded display. Delay range is 0 to 

190 miles.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N9-3. 

0 to 2,440-MICROSEC PHANTASTRON DELAY 

—Is triggered by gating mvbr. Receives con-

trol voltage from ten-turn potentiometer cali-

brated in distance units. Output drives block-

ing oscillator through transformer. Accuracy 

is about 1% of delay setting.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N9-2. 

D3 

1N4828 

+12V 

R4 

47K 

+12V 

02 
2N1613 

OUTPUT 

CV 
FALLING EDGE 
DELAYED 

ponent Reduces Recovery Time, Electronics, 

Radzik and J. J. Curtis, Adding A Corn- 38.2, p 78-79. 
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D 1 

T c, 

FEEDBACK 

0 \717 
+22V 

07 

6 

+90V 

02 

+224 

+10V 

+I5V 

_ 

— +10V + 15V  

+6V —I 

—2V W5 

FAST-RECHARGING PHANTASTRON—Recharg-

ing of solid-state phantastron delay capaci-

tor is reduced to 5 microsec by addition of 

Q7. Circuit of Q7 is inoperative during all 

other parts of cycle, including quiescent state. 

—S. R. Parris and D. A. Staar, Highly Ac-

curate Phantastron Delay Circuit, Electronics, 

33.43, p 72-74. 

Egg 
—6V 

R1 
2.2K 

C2 

1000- -EbV 

E DD 

HIGH-VOLTAGE PULSE DELAY— Diode input 

network isolates base of Q1 from input when 

input pulse voltages exceed maximum rated 

emitiel-to-buse reverse voltage of input. 

inverting digital pulse delay circuit.— R. A. 

Karlin, One-Transistor Multi Delays Digital 

Pulses, Electronics, 38:17, p 85-86. 

Dg 
4-6V 

MODIFIED PHANTASTRON INTEGRATOR—Ad-

dition of input emitter-follower Q1 increases 

open-loop current gain of integrator and 

provides increased accuracy and linearity.— 

S. R. Parris and D. A. Staar, Highly Ac-

curate Phantastron Delay Circuit, Electronics, 

33:43, p 72-74. 

FOUR-MINUTE DELAY—Ujt switch gives ac- below 25°C. R1 controls amount of delay.— 

curacy of 1% for time delays in range of 1 to E. G. McCoy, Accurate Time Delays up to 

4 minutes, over range of 10°C above and Four Minutes, EEE, 11:10, p 31. 

18K 

ECC 
—6V 

620 

OUTPUT 

Q1 

2N3638 

FIXED BOOTSTRAP DELAY—Used to provide 

buffer interval between sync and video in-

formation in radar relay transmitter. Re-

quires gate at least as long as 30-microsec 

delay. Accuracy is only 10%.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N9-1. 
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101.‘f 
25V 

27011 

SSD708 

2N494C 

SSD708 

10K 
TIME ADJUST 

1-HR TIME DELAY—Achieved by periodic-

ally sampling voltage on timing capacitor, 

using sampling pulse generated by 2-cps ujt 

relaxation oscillator. Between samples, tim-

ing capacitor is isolated from emitter of ujt 

by low-leakage planar silicon diodes.—"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 321. 

C1 I 50 F 

FAST - MAKE , SLOW -BREAK 
SLOW-BREAK RELAY—R3-C1 determine period 

that relay remains energized after input 

pulse is removed.— P. Haas, Timing Circuits 

Control Relays, Electronics, 38:6, p 85. 

FIXED MVBR DELAY— Used to provide buffer 

interval between sync and video information 

in radar relay transmitter. Can be triggered 

by pulse. Accuracy of 30-microsec delay is 

only about 10%.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N9-1. 

+28V 

C35F 
CIOF 
C9F 

LOAD 

(I- 1 SEC) 

25 C ' co ≤ 2.5gA 

VA 

NOM. TIME 82mSEC 
TRANSISTOR a ≥ 80 

ISOLATING-DIODE MONO MVBR—Addition of 

diode D1 to conventional delay circuit re-

duces timing variations otherwise encoun-

tered in production runs. Supply voltage 

change of 10% causes timing change of only 

1%—D. E. Haselwood, Monostable Multivibra-

tors with Stable Delay Times, Electronics, 

34:49, p 64-65. 

EBB 
-6v 

E CC 
—6V 

OUTPUT 

CI 
4.7 pF 

INPUT-INVERTING DELAY— Input voltage, sup-

ply voltage EBB, and R1-C1 determine delay 

time for digital pulses.— R. A. Karlin, One-

Transistor Multi Delays Digital Pulses, Elec-

tronics, 38:17, p 85-86. 

50-350 MICROSEC BOOTSTRAP DELAY—Pro-

vides continuously variable delay. Requires 

mvbr to generate necessary gate, and two 

amplifier stages following comparator diode 

to sharpen output waveform.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N9-2. 
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10K 
2W 

LOAD CURRENT DELAY—Silicon controlled 

switch circuit delays start of load current for 

interval of 0.5 RC after switch is thrown.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 435. 

100K 

50V 
RNIS 
INPUT 

10K 
2W 

A-C OPERATED TIME DELAY—Switch is nor-

mally closed, charging C and blocking scs. 

Delay is initiated by opening switch. After 

delay interval, determined by R, C, and 

potentiometer, silicon controlled switch con-

ducts on alternate half-cycles.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 435. 

+10 

ein 

3.3K 3.3K 

TUNNEL-DIODE TIME DELAY—Uses two cas-

caded complementary stages in which tunnel 

diodes are used with transistors. Takes + 10 

input pulse.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 369. 

•CI 

24.039 

e 2• 
333cur 

20.5K 

+6V +V2 

NOM. TIME . 158mSEC 
TRANSISTOR a ≥ 80 

RI 
2.2K TO 
10.000 
MEG 

CI 
0.1 TO 2,0 

25°C Ico 5 2.5m.A 

CONVENTIONAL MONO MVBR—Requires 

bulky capacitors and large timing resistors 

to get accurate delay times of 1 to 300 

minis«. Ideal for laboratory use, but gives 

problems with mass production.—D. E. Hasel-

wood, Monostable Multivibrators with Stable 

Delay Times, Electronics, 34:49, p 64-65. 

C9F,Cl2F 
OR C4OF 

5-HR TIME DELAY—Range of 0.3 millisec to 

5 hours is obtained without using electrolytic 

capacitor. At end of timing interval, initiated 

by applying power and determined by RI-CI, 

2N494C triggers controlled rectifier.—"Tran-

sister Manual," Seventh Edition, General Elec-

tric Co., 1964, p 322. 

• 28V 

PRECISION SCR DELAY—Gives time delays 

over 3 minutes without need for tantalum 

or electrolytic capacitor. Timing capacitor Cl 

can be mylar unit. Application of power in-

itiates timing of power, which is determined 

by RI -Cl. At end of interval, 2N494C fires 

other scr, to place supply voltage across 

load.—D. V. Jones, Precision Solid-State De-

lay Circuit, EEE, 11:12, p 26-27. 

FAST-RECYCLING TIME-DELAY RELAY—Uses 

28-v relay to give delay of 5 sec, with re-

cycle time of 200 millisec.—R. W. Eubank, 

Fast Cycling Time-Delay Relay, EEE, 12:3, p 71. 
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2 

COULOMETE 

4 

GORDOS MR706j 

crieó 
. SI 

Q2 
2N414 

MICROCOULOMETER-CONTROLLED TIME DE-

LAY—Gives delay accuracies of 1% for inter-

vals from 30 sec to 350 hr. Delay interval 

ends when mercury in capillary glass tube is 

completely plated onto switching electrode of 

microcoulometer. With two delays in series, 

one can be reset while other is in timing 

mode, to give automatic reset.—Time- Delay 

Circuit Gives 1-Percent Accuracy, EEE, 13:9, 

p 94. 

12AU7 

14,00ER OA 5k 65 

o ljeZEI 

VOLTAGE 

RT 

I MEG 

CT 

IOOA d 
25V 

RELAY 
CONTACTS 

2N167113 

RELAY 
1460 
DP DT 

—0 + VI 

SVV1 ( 24-32V 

3 300 
2W 

GE MICRO-
MINIATURE RELAY 
3S2791G200A-6 

I N536 

UJT RELAY-OPERATING DELAY—When switch 

is closed, capacitor charges to voltage at 

which unijunction triggers, then discharges 

through uni junction transistor and relay after 

time delay determined by RT, which is about 

1 sec of delay for each 10K of resistance.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 320. 

50-350 MICROSEC PHANTASTRON DELAY--

Gives 0.5% accuracy. Phantastron furnishes 

own gate and does not require amplifier to 

trigger blocking oscillator at output.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N9-2. 

4.152V 

- I52V 

0 to 2,440-MICROSEC BOOTSTRAP DELAY— 

Is triggered by gating mvbr. Receives control 

voltage from ten-turn potentiometer cali-

brated in distance units. Output drives block-

ing oscillator through transformer. Accuracy 

470K 

SLOPE 
ADJUST 

22K 

ANGE 

AZ EROs-r 

6AL5 

+30 \. 

TIMING 
CONTROL 
R4 
50K 

R5 
4.7K 

DI 
Nv.. 

C2 
5 0 pF 

NEGATIVE 
TRIGGER IN 

PRECISION TIME DELAY—Used as range gate 

delay in doppler radar boxcar circuit, as ex-

panded-range indicator sweep, and for gen-

eration of gate waveforms. Output jitter is 

less than 4 nsec over delay range of 3 to 35 

microsec. Negative-going output pulse is 9 y 

peak. Reliability is achieved chiefly through 

isolation of timing network R4-R5-C1 during 

timing interval.— P. E. Harris, Insuring Sta-

bility in Time Delay Multivibrators, Electronics, 

33:15, p 73. 

MOMENTARY 
CONTACT 
SWITCH 

SCS 
3N5I 

470 

I 1 2µf 

2.5 MEG 

2N2647 

DELAYED-DROPOUT RELAY TIMER— Keeps re-

lay energized for preset time of up to 10 sec 

after relay is pulled in by momentarily clos-

ing switch.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 324. 

is about 1% of delay setting.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N9-2. 

430 220 

PULSE 
IN 

PULSE 
OUT 

RING 
STOP 

270µmF 

0.022 

II 
5687 

!SI 

27K 27K 

120 0.01 

40V 

7 7 

3- µSEC DELAY LINE 

470 

820 2.76 
18305 

0.1 4.76 5.6K 

1--1  \ RING START 

1 2 MEG K r X 1,000 
-  

RING DELAY STARTING UNIT— Consists of 

blocking oscillator and 3-microsec delay line. 

Ring start switch fires blocking oscillator 

once and starts ring. Ring stop switch opens 

oscillator input to stop ring delay from oscil-

lating.—M. T. Nadir, Microsecond Sampler 

Handles 126 Channels, Electronics, 32:4, p 

36-39. 
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—3V --I +15V 

•-6V I  
R22 03 

+90V 

INTEGRATOR OF SOLID-STATE PHANTASTRON 

—02 and C113 provide open-loop gain, while 

R4 and Cl are feedback elements.— S. R. 

Parris and D. A. Staar, Highly Accurate Phan-

tastron Delay Circuit, Electronics, 33.43, p 
72-74. 

MONOSTABLE MVBR DELAY—Prevents certain 
circuits from operating until proper time and 

generates and shapes required output pulses. 

Is triggered by positive pulse produced by 

input differentiating circuit. Circuits are cas-

=.• 

DECOUPLING FOR PULSE DELAY—Coupling 

circuit ahead of input-inverting digital pulse 

delay prevents Cl from loading driving col-

lector and decreases noise sensitivity.— R. A. 

Karlin, One-Transistor Multi Delays Digital 

Pulses, Electronics, 38:17, p 85-86. 

coded, and second stage starts its delay 
coincident with trailing edge of first delay 

output pulse.— W. W. Grannemann et al, 

Pulse- Height-to- Digital Signal Converter, Elec-

tronics, 33:2, p 58-60. 

620 

OUTPU7 

01 

2N3638 

-6V -12V 

LOAD CURRENT TURNOFF DELAY— Input pulse 

turns off silicon controlled switch, which trig-

gers after delay of approximately RC.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 435. 



CHAPTER 25 

Demodulator Circuits 

FROM 
VIDEO 
AMPL 

E1K 

Ql 

2N706 

INPUT-1 
2 

39K 

Q2 
2N706 

PHASE-SENSITIVE DEMODULATOR—Used in 

iceberg-detecting microwave radiometer. Far-

aday rotational ferrite switch alternately 

feeds calibrating noise source and ocean or 

iceberg signal through video amplifier to 

double-bridge demodulator. Output is d-c 

voltage proportional to change in antenna 

temperature, positive for warm signals from 

iceberg and negative for apparently colder 

sea water. Mvbr ( 125 cps) supplies reference 

voltage and ferrite drive signal.— T. V. Seling 

and D. K. Nance, Sensitive Microwave Radio-

meter Detects Small Icebergs, Electronics, 

34:19, p 72-75. 

1N277 

1N277 
• I' 

-v. 9.1K 
91K 

L 

1N277 100pF — 70.7pvFv-- 

PHASE-SENSITIVE DEMODULATOR—Operates 

over range of 1 kc to 20 Mc without need 

for tuning. In phase-locking applications, 

both inputs may be single-ended. Output 

voltage is proportional to phase difference 

between input signals.— H. F. Strenglein, 

Phase Demodulator Needs no Tuning, Elec-

tronics, 38:20, p 99. 

OUTPUT 

190 
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D-C FROM F-M—Mean d-c level, directly pro-

portional to number of pulses per unit time, 

is read on meter for f-m data recorded on 

magnetic tape.—K. R. Whittington, Simple 

F-M Demodulator for Audio Frequencies, 

Electronics, 35:48, p 89. 

SYNCHRONOUS DEMODULATOR FOR COHER-

ENT PULSE DOPPLER RADAR—C-w output of 

coherent oscillator is applied to control grid 
of one beam-deflection tube, and radar re-

ceiver i-f output is applied to control grid of 

other tube in push-pull, so i-f signal and 

modulation products are in push-pull at the 
two anodes while c-w signal components are 

in same phase and are hence cancelled in 

following pulse difference amplifiers.—.1. B. 

Theiss, More Target Data with Sideband Co-

herent Radar, Electronics, 36:3, p 40-43. 

INPUT 
r\J 

R5 
10K 

R7 

50K 

10K 

+10V 

30K 

OUTPUT 
01 
hlk11614 

R6 J_ 
10K 4 02 = 

TRANSFORMERLESS FULL-WAVE DETECTOR— 

Each half-cycle of input sine wave produces 

negative half-cycle at output. Both input 

and output are referenced to ground. Operat-

I-F 
OUT-
PUT 1,000 pF 

COHO 
OUT-
PUT 

+150V 

29-33pF 

0.53µH 

0.0047 

200 10I< 

kIPAI613 

-10V 

ing range is from cl-c to 10 Mc.—C. Yorker, 

Full-Wave Detector Without Transformer, 
Electronics, 39:15, p. 100-101. 

7360(17 \ 

I 

+150V 

3.9K 120AH 

3.9K 120µH 

220K 

25K 
BAL 

3.9K 120H 

+250 
V DC 

+250V 

27 pF i . 0.0047 V VV +250 

V DC 
3.9 K 120,aH 

1K 
+150 

1,000 pF -r 
1,000 pF 25K 

BAL 

220 K 
+2504 

TO 
PULSE 
DIFFER-
ENCE 
AMPL1F-
I ER 

TO 
PULSE 
DIFFER-
ENCE 
AMPLIF-
I E R 

+8 1.+ 8 

8.2K I.5K 

1-F SIGNAL 

4-1551(C (  

REFERENCE 
455 KC 

+8 

5K 

04 
2N708 

150 I.5K 03 
-L 28708 _EL 

-8 -8 DI 

L1 2.2K t IN914 
100 - 200,, H. 1 — 4 

PHASE C1 - 
22C ADJUST 220 02p F 0F e«\_, 

+8 
R 

3.9K 

05 
2N708 

330pF 
4.7K 

06 

2N708 

DEMODULATED 
P-81 

.1 

200 M H 

0.015 

R2 
1K 

SYMMETRY 
ADJUST 

IN? 77 

04 
IN 457 

07 ( 21 Q8 
2N708 

0.02 100K 

0.02 10 

receives similarly clipped 455-kc reference 

signal. Demodulated output of 06 is re-

shaped by clipper Q7-Q8, to give symmetri-

cal output with linearity for deviations up to 

RESHAPED 
DEMODULATED 

P-M 

0.1 

HIGH-LINEARITY PHASE DEMODULATOR—I-f 

signal is amplified by QI, clipped by Q2-03, 
and resulting square wave phase-demodu-

lated in coincidence circuit Q4-Q5 which also 

85 deg.—W. H. Casson and C. C. Hall, New 

Phase-Tracking Demodulator Will Not Lock 

on Sidebands, Electronics, 36:6, p 52-55. 



192 SOURCEBOOK OF ELECTRONIC CIRCUITS 

BOXCAR ENVELOPE DETECTOR-Gives accu-

rate recovery of one-polarity modulation en-

velope by approximating envelope in level 
steps between successive peaks of wavetrain. 

-J. L. Markwalter, Boxcar Envelope Detector, 

EEE, 12:9, p 62-63. 

-9V 

IK 

47K 

1N--3-

03 

20301 
OUT 

680 

SMOOTHED D-C FROM F-M-Mean d c level, 

derived from f-m data on magnetic tape, 
undergoes R-C smoothing in three-transistor 

pulse-counting demodulator circuit so output 

can be fed to cro.-K. R. Whittington, Simple 

F-M Demodulator for Audio Frequencies, 

Electronics, 35:48, p 89. 

TO 
AGC 02 

0, DETECTOR 29708 

29708 

l- F SIGNAL 
455KC • 

see.  
150K 

510pF 
t  

510 

3.3pF 

06 
29708 19914 

I . 5K 03 _L 04 82 470 
2N708 29708 

10K I.5K 

-8 -8 

29929 

520,sH = 0.001 

_L PF 

c 
29708 19914 

o, 
2NI99• 

06 

29708 

-B 

B 

19457 

TO LOOP 

'PHASE DEI 

-J-

- B •-•Nn•-•-•,-
3.3K K 

TO LOOP FILTER 

10 
291991 

DI 
19457 

+8.+12.5V 

-8.-12.5V 

300V D-C 

R1 

300K Qi 
2N945 

LOCAL 
OSCILLATOR —I 
INPUT C1 

IiF 

R2 
51K 

R3 

33K 

I-F INPUT 

SYNCHRONOUS DETECTOR-Linear detection 

permits variation of bandwidth after detec-

tion in pcm receivers. Also used as a-m de-

tector and for measuring phase and ampli-

DETECTOR 
OUTPUT 

tude of unmodulated signals.-G. S. Parks, 

Detector Circuit Measures Phase and Ampli-

tude, Electronics, 38:12, p 84-85. 

DUAL DETECTORS PREVENT LOCKING ON 

SIDEBANDS-Antisideband circuit rejects side-

band locking while telemetry tracking loop 

is automatically searching for signals around 

i-f value. Circuit also provides both p-m and 

a-m demodulation. Emitter-follower QI, re-

ceiving i-f signal, feeds discriminator Q6-07 

through limiters Q2-Q3 and 04-05. For 455-

kc input, d-c outputs of diode detectors can-

cel at base of 08. For lower or higher fre-

quencies, difference voltage serves to apply 

antisideband error signal to loop filter 

through Q9 or Q10.-W. H. Casson and C. C. 

Hall, New Phase-Tracking Demodulator Will 

Not Lock on Sidebands, Electronics, 36:6, p 

52-55. 

6C21 

MODULATED 
A-C SUPPLY 

PULSED DEMODULATOR-Used to provide 

voltage to modulating anode of klystron 

power amplifier at control rates above 10 

cps, in system that controls output power of 

uhf tropospheric communications links in ac-

cordance with received signal at opposite 

end of link, to compensate for fading.-L. P. 

Yeh, Loop Controls Scatter Power to Offset 

Fading, Electronics, 32:5, p 60-62. 



CHAPTER 26 

Differential Amplifier Circuits 

OUTPUT 
A 

INPUT 
A 

o 
2N17IIC) 

100K 
I% 

DISC 

PF 

220 

-500 22IK 

00K 

+22 

220 

10meg 
It 

+150V 

I5K I5K 
IOW IOW 

03 

2N699 

05 06 

DELCO 
DTS - 413 

04 

2N699 

OUTPUT 4K 1000 
QUIESCENT 2W iOw e,5,< W.W. LEVEL 15K$ 

I- 150V 

10meg 

It 

4pf 
150V 

lOmeg 

It 

2N171i 

OUTPUT 
8 

428V 

1000 

OUTPUT 
BALANCE 

2NI613 

7.5K 
- 28V. W‘ 

D-C AMPL EMIT-FOL = 230KC OSC 

28.7K 

39.2K 

+170 

1.7 

2N1335 
06 

10.01 

10K 

20 

500 

2.2K 

9.1K 

INI795 

1 - 
0.01 

560 
Z pF 

0.01 

100K 
It 

0.001 

-500 

10K 

INPUT 
8 

eirb.  
100K 
It 400-V OUTPUT SWING WITH TRANSISTORS-

Direct-coupled differential voltage amplifier 

gives gain of 100 as low-frequency oscillo-

scope amplifier. Drift is less than 1 y over 

normal room temperature range. Output 

quiescent level is 0 y to ground, peak 

noise level is 3 v, and bandwidth is 5 kc. 

Amplifier is not damaged by shorted output, 

overdrive, or supply voltages applied in any 
sequence.-C. L. Benson, 400-Volt Output 

Transistor Amplifier, EEE, 14:8, p 168. 

0.01 1 1,800pF 

— 1('— e.--l ry ' -1(-- 

0.01 T 0.01 .._ 
HI e. t  

i 1  2.5 
0.01 - .7.0.1  

-.---- 1N645 -T.0.01  
1  3.9M 

-800 (TO 
KLYST RON 

im_ri_ SEXTUPLER REFLECTOR) 

_L 
=..  

DIFFERENTIAL D-C AMPLIFIER CONTROLS 

230-KC C-W RADAR OSCILLATOR-Combined 

output of two detectors in dual-mode cavity, 

having typical discriminator S curve, is amp-

lified by four transistors in differential d-c 

circuit and applied to oscillator through emit-

ter-follower to make output voltage swing up 

to 20%. Voltage sextupler applies step-up 

voltage to reflector of klystron, to maintain 

klystron frequency constant within 0.2 Mc.-

H. D. Raynes, C-W Radar Measures Artillery 

Ballistics, Electronics, 37:1, p 31-33. 

193 
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Zero Adjustment 

01 - 2N2642 
02 - 2N2805 
03 - 2N2643 

D-C AMPLIFIER SERVES AS VOLTAGE REGU-

LATOR—Output voltage of series pass tran-

sistor Q1 is compared to input voltage serv-

ing as reference voltage by differential amp-

lifier Q2 and variations are fed back to re 

duce difference. Feedback ratio of 0.67 gives 

overall gain of 1.3 and 10-ohm output im-

pedance.—W. S. Zukowsky, Aligning Saturn 

Missile's Guidance System, Electronics, 37:8, 

p 26-27. 

is linear within 10 microvolts over 100°C 

range.— D. F. Hilbiber, Stable Differential 

Amplifier Designed Without Choppers, Elec-

tranics, 38:2, p 73-75. NO-CHOPPER DIFFERENTIAL AMPLIFIER—Sta-

ble voltage gain is 1,000. Current source 02 

provides bias for input stage. Amplification 

DIRECT-COUPLED DIFFERENTIAL AMPLIFIER— 

Designed for general use as complete ampli-

fier with Darlington output stage, or as first 

two stages of low-drift high-gain amplifier 

without amplifier stage. Provides both low 

and high common-mode rejection for either 

differential or single-ended outputs. High 

common-mode rejection is achieved by use of 

common-mode feedback loop. Low drift is 

achieved by using dual transistor 03 as first 

stage of common-mode feedback loop.—Texas 

Instruments Inc., "Solid-State Communica-

tions," McGraw-Hill, N.Y., 1966, p 161. 

Darlington Output Stage 

428 

—28 

Pli 

10K 

OUTPUT NO.2 



DIFFERENTIAL AMPLIFIER CIRCUITS 195 

+ 20V —20 

ZERO 
ADJUST 

1.2K 

1K 100K , 1 % 

UNITY-GAIN DIFFERENTIAL D-C AMPLIFIER— 

Negative feedback with differential input 

and single-ended output give gain stability of 

1.0000 for output of 1.2 v across 100-ohm load, 
For use in battery-powered trransistor leak-

age-current tester.— A. T. Ashby, T. R. Shaifer, 

and H. R. Hegner, Testing Transistors In-Circuit, 

Electronics, 37.17, p 53-56. 

Constant 
current 
source 

51 K 

13 K 

— V EE 
- 30 v 1 

Temperature 
compensating 
Sensistor© 
resistor 

V 

75 K 
2.2 K 

1 K 

75 K 

All resistors ± 

All transistors TI 2N338 

2.2 K 

330 K 

FOUR-STAGE DIFFERENTIAL AMPLIFIER— De-

signed for maximum open-loop amplification 

of diffciciitiol signal. Series- shunt ni.9otive 

feedback provides high input impedance 

and low output impedance. Responds to dif-

17 K 

25 K 

Feedback 

Q5  

68 K 

12 K 

1 K - VEE 
-30v 

Negative 
feedback 
amplifier 

33 K 
1,000 pf 

- VFE 

- 30v 

33 K 

DIFFERENTIAL AMPLIFIER— Use of transistor 

in place of emitter resistor gives tenfold in-

crease in impedance of emitter circuit, up to 

200,000 ohms, while using only 1./0 of sub-

strate area that would be needed by tarn 

resistor of this size.— R. Hirschfeld, IC's Im-

prove Differential Amplifiers—and Vice Versa, 

Electronics, 38:16, p 75-79. 

18 K 

24 K 
— V EE 
- 30 v 

68 K 27 K 100 

470 52 

4.7 K 

18 K 

1,000 pf 

ferential signal of 25 microvolts superim-

posed on common level that varies from 0 

tu 5 v. Voltage gain is continuously vario-

ble from 100 to 500. Frequency response is 

flat within 1% from d-c to 1,000 cps. Ideal 

8.2 K 

8.2 K 

"v"\C 
33 K 

2.4 K 

VV V 
30 K 

3.9 K 

50 K 

 O + V. 
+ 30v 

33 K 30 K 
— 1\AN— •—i\AA/- Y 

25 K 

Constant 
current 
supply 

4.7 K 

- VEE 
- 30 v 

68 Ki 12 K 

VCC 
V02 + 30 v 

 O + Vcc 
+ 30v 

foi telcrncte, ing systenis.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-

Hill, N. Y., 1963, p 138. 
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1-12V 

DIFFERENTIAL CURRENT AMPLIFIER—Uses You Can Breadboard Your Own, Electronics, 

eight npn transistors and eight diodes.— D. D. 37:27, p. 58-64. 

Robinson, Linear Microcircuits Scarce? Now 

—6 V 
—0— 

+300 V 

WIDE-DYNAMIC-RANGE DIFFERENTIAL AMP-

LIFIER— Used in amplifying and measuring 

small differences between two large voltages, 

either of which may be up to 100 y above 

ground. Amplification of difference voltage 

is 250. Frequency response is within 3 db 

from d-c to 250 kc.—D. D. Davis, High 

Dynamic Range Differential Amplifier, Elec-

tronics, 31:5, p 64-66. 

110K 

4 K 
+1% 

+12 V 

1 

os 

13K 

1 K 

2K 

1K 

l00 100 
100 

1— Wsr—• 

— — —0—  — —0—   —0— 

OUTPUT + 6 V STROBE — 

CORE SENSE WINDING 

702 DIFFERENTIAL AMPLIFIER 

SENSE AMPLIFIER— Uses two flatpacks (shaded —F. A. Plemenos, The Packaging Revolution, Electronics, 39:4, p 103-109. 

areas) attached to thick-film passive network. Part VI: Converting to Microelectronics, 
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TO 

IN457 

1:1457 

2H 1 

5 K 

LAB SET 
TO TUNE AT 
800 CPS 

lOO 
mt 

I. I 

0.047 

125K 
270 270 

0.047 220 K 35 K. 

FROM INVERTER 
INPUT VOLTAGE 

VOLTAGE REGULATOR—Por ion of three-

phase inverter output is filtered, rectified, 

and compared with temperature-compensated 

breakdown diode in differential amplifier 

Q1-02. Inverter load current and input bat-

208M 250K 

DEMODULATOR 

9 

* COMPONENT 
VALUES ARE NOT 
FINALIZED. 

TO 
ENGINE 

POSITION 
POTENTIOMETER 

^Z. 0.1 r. 

- 

I. 59M* 

z I 

z 3 

0.1 * 

NETWORKS 

72K* 

+ FROM - 
OvERCuilliEleT L 

DE T 
• 

+15 
VOLTS 

03 
2NI036 

OUTPUT 
TO PWM 

15K 

0.22 

tery voltage signals are also fed into d'ffer-
ential amplifier, to further improve regula-

tion.—R. J. Kearns and J. J. Rolfe, Three-

Phase Static Inverters Power Space-Vehicle 

Equipment, Electronics, 34:18, p 70-73. 

100K 

100* 

30K * 

2NI247 
Q' 

160K 
216132 9—W..--• 

(92N697 

03 

21<1132 05 
07 

50 

IK 

36K IK R1 20V 

DI 
P0109 

2NI247 
o2 

30k * 
Ye%  

2N697 
06 

216132 
04 160K * 

D- C AMPLIFIER 

VALVE 
COILS 

I.4K 

} 1.4K 

100K * 

0.5µH 

51-DB POWER GAIN FOR AUTOPILOT—Two 

differential stages, QI-Q2 and Q3-Q4, drive 
two emitter-followers Q5 and Q6 which in 

turn drive valve coils in pitch and yaw chan-

nels of autopilot.—J. H. Porter, Miniaturized 

Autopilot System for Missiles, Electronics, • 

33:43, p 60-64. 

+5V 

31 TO 
50-OHM 
LOAD 

F-M LIMITER—Four different'al-amplifier inte-

grated circuits serve as 60-Mc i-f f-m limiter 

having 6-Mc bandwidth and 80 db power 

gain.—R. Hirschfeld, IC's Improve Differential 

Amplifiers—and Vice Versa, Electronics, 38:16, 

p 75-79. 
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VU 

DIFFERENTIAL AMPLIFIER—Single-stage con- mum differential voltage gain of Micronet 

figuration for monolithic construction uses 203 version is 100 and minimum bandwidth 

bleeder resistors with Darlington input tran- is 500 kc.—C. L. Heizman and D. G. Paterson, 

sisters to increase bandwidth and gain. Cur- Circuit Analysis: A Monolithic Integrated Op-

rent source is biased from separate bias erational Amplifier, EEE, 13:5, p 80-84. 

resistor to increase output amplitude. Mini-

05 . RA2B 

01- Q2=G.E. 2N2652 
Q3-04. G E 2N2652 

120- Mc 
INPUT 
SIGNAL 
(50 OHMS) 

05 

REFERENCE 
AMPLIFIER 

5pF 

802 

vcc.lav 
vn .-12v 
R., . R.2.5ion 
RL, .RL2 .5ix 
RL3 . RL4.51K 

R5 . 5.1K 

R6 . 3.5K 

TWO-STAGE DIFFERENTIAL AMPLIFIER WITH 

COMMON-MODE FEEDBACK— Feedback ar-

rangement provides significant reduction in 

temperature drift of bias circuits. Voltage 

gains of several thousand are possible.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 119. 

9-35pF 

T1 
MICROMETALS 

NO. T12-10 

—r•r`eve\-_ 

0.1µH 

50 

HARMONIC MIXER—MC- 1110 differential-

amplifier integrated circuit cancels odd-order 

harmonics while mixing. Local oscillator op-

t5V  - 

LOCAL 
OSCILLATOR 

9-45pF  r- 6535 Mc 

erates at half of mixing frequency. 

version gain is 33 db from 120 Mc to 

BALANCED DIFFERENTIAL OPERATIONAL AM-

PLIFIER—Open-loop gain is above 5,000 into 

10,000-ohm load. Good stability and sum-

ming accuracy are obtained with closed-

loop gains of 0.1 to 100. Provides 50-v out-

put voltage swing for integrating or differ-

entiating in control systems. Phase lag of 5° 

at 20 cps with closed-loop gpin of 10 pre-

cludes use in high-frequency control systems. 

—L. S. Klivans, D-C Amplifiers for Control 

Systems, Electronics, 31:47, p 96-100. 

K X 1,000 -1200V 

CANCELLING POWER SUPPLY VARIATIONS— 

Differential amplifiers in cascade cancel out-

put error caused by supply fluctuations, to 

permit low-level signal amplification.— J. 

Holtzman, Reducing Errors Caused by Power-

Supply Variations, Electronics, 32:29, p 54-

55. 

MC- I110 

Con-

10.7 

Mc.— R. Hirschfeld, IC's Improve Differential 

 1+ 
T2 
MILLER 
NO. 1601 
1 0,7 Mc 
I- F TRANSFORMER 

5V 

Amplifiers—and Vice Versa, Electronics, 38:16, 

p 75-79. 
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N/1. + 20v 

120 K 

Q1 
2N2642 

R5 

120 K 

a2 
2N2642 

e2 

r- -- 11 _F L  

R2 R1 R3 I = 

22K 22K 

R8 

15K 

R7 

4.7K 

03 
2N730 RA 

R6 

33K 

V2.- 20 v 

VARIABLE-GAIN DIFFERENTIAL AMPLIFIER— R1 ratio.— G. Beene, Variable Resistor Controls 

controls gain. High dyranaic impedance of Differential Amplifier Gain, Electronics, 37:29, 

constant-current source gives differential amp- p 74. 

tiller QI -Q2 high common-mode rejection 

-1z 

INTEGRATED-CIRCUIT DIFFERENTIAL AMPLI-

FIER—Common-mode output is 0.5 mv peak-

to-peak, differential gain is 540, and corn-

mon-mode rejection is 120 db at 60 cps in 

Amelco D13001 monolithic integrated circuit. 

—T. Prosser, How to Measure Differential. 

Amplifier Common-Mode Rejection, EEE, 12:7, 

p 74-75. 



CHAPTER 27 

Discriminator Circuits 

SIGNAL 

10V RMS 

47K 

47K 

REF. 

4.0V RMS 

DIODES: IN 658 

2 

3.0V RMS 

2N335 

.005 •••••,--

DI 1 

R 
LI 

68K 

1 IN 

CHANNEL SELECTOR REPLACES TUNING DE- multivibrators, inverter, and two and gates digital control systems.—J. H. Firestone, Gated 

VICES— By sensing leading edges of input sig- provides output for desired channel fre- Pulses Yield Selected Frequency Outputs, 

nals, discriminator having two monostable quency in radio, television, telemetry, and Electronics, 36:51, p 38-40. 

PHASE DISCRIMINATOR—Will deliver half-

wave pulses to one of two loads, as deter-

mined by 0 or 180° difference between input 

signal and reference source. Useful where 

different devices, such as heating and cool-

ing equipment, are to be actuated by change 

of signal phase.—A Phase Discriminator, 

"Electronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 88. 

MONOSTABLE MV 

AND 

OUT 

200 
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STANCOR 
TA- 30 

REFERENCE 

SIGNAL 

! IN100 

_11 4 7 K 

ZERO 

2N130 9 

PHASE DISCRIMINATOR FOR A-C BRIDGE— 

Amplified output of a-c bridge is compared 

with a-c reference signal. When both are in 

phnse, d-c output to recorder is maximum of 

one polarity. For 180° phase difference, out-

put is maximum of opposite polarity, and is 

zero for phase-quadrature.—W. A. Rhine-
hart and L. Mourlam, FET Performs Well In 

Balancing Act, Electronics, 38:19, p 88-92. 

20V 

PULSE 
INPUT 

telAS 

PHASE VARYING STAGE 

CI 

Vi 

C2 
1pF 

c2 
,.0 

+20, 

PUL ST 

OuTPu , 
.00« 

-;C'tr AGE 04 I OUTPUT 
2N697 

100 

4.7K 

INIO 0 

-1 

-41 
10 

RECORDER OUTPUT 

MONO AND PRF DISCRIMINATOR—Monosta-

ble multivibrator can be electronically ad-

justed to vary output pulse width over 

range of 0.2 microsec to several seconds. By 

adding feedback path shown in dashed 

lines, circuit also serves as pulse repetition 

frequency discriminator in which d-c output 

voltage is function of frequency from 3 cps 

to 300 kc.—G. Richwell, Wide-Range Mono-

stable, PRF Discriminator, EFE, 13:8, p 67. 

PHASE SENSITIVE RECTIFIER 

R9 

R6 03 
33K 

2N1304 

47K 

TWO-STAGE A-F DISCRIMINATOR—Circuit duces d-c voltage proportional to phase 

first shifts phase of incoming signal in pro- shift. Used to measure wow and flutter of 

portion to its frequency deviation, then pro- disk and tape recorders having prerecorded 

audio signal.—J. F. Delpech, Audio Discrimi-
nator Measures Large Frequency Changes, 

Electronics, 39:9, p 76-77. 
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+12 V 

CHOPPER 

.01 

+12v 

47K 

2 
2N697 

PHASE LOCK-Uses flip-flop, filter, and d-c 

level shift to phase-lock low-frequency oscil-

lator to a desired frequency. Trigger from 

master frequency source is fed in at B, and 

trigger from phase-locked frequency is fed 

to A. Used to sync ujt sawtooth generator 

to operate at 10 times the 16-cps center 
frequency at B.-H. Anway, Phase-Locked Fre-

quency Discriminator, EEE, 14:3, p 61. 

60-CPS AMPLIFIER INVERTER DEMODULATOR 

60 CPS +300V 

1 MEG 

I2AX 

LOW-PASS 
FILTER 
IX IK 

0 TO 
IOMV 

LOW-PASS 
FILTER 
1 

0.05= 

3,000 8,000 
pF pF 

R2 CI 
100K 680 pF 15K +300V 

 ) 10K 1-"=1:ve: 

1N06225 27K 
1.2 K 14  2.2 KC 6 

0.5 

NO.1 D3 
1N625 

R3 
10K 100K 

10 K 100K 

100 

NO.2 

1.2 K 

IN625 

1N625 

10K 100K 

IN475 

680 
pF 

I2AU7I ii2Au7 

+300V 

I2AU7 

I5K nsin Li KC 
• MA.  

DISCRIMINATORS 

IN625 

171625 

1N625 

1N625 

BAL MIXER 

D-C AMPL 

+300V 

220K 160K 

I2AX7 

.01 

82K 

DC OUT TO 
FREO. CONTROL 

124X7 

20 MEG « 360K 

- 105V 
-105V 

— 100 

1.2 TO 2.2 KC OSCILLATOR 

+300V 

43K 
680 pF 

+100 TO 
4,700 pF + 145V 

680pF 

240K 
-105V 

+300V SCHMIDT TRIGGER 
I 2AU7 

-- 680 
PF 

LOW-pAss+300v 

FILTER 150K 150K 
8,000pF 

I2AX7?- I2AX7 

I "  62K ± ° 

+300V ---

12AU7 

180K 

- -r 0068 
- - 105V 

IN 

1,000 --
OF 

27K 

68 1  
pF 

180K 

3,900 
pF 

1,000 20V 
pFI p-p 

390K 1-KC 
OUT 

+300V 
-105V 330K 

-105 V 
1,200 pF 

I2AU7 150K 

1.2 - KC MULTIV1BRATOR 

VOLTAGE-CONTROLLED 04 KC OSCILLATOR applications. As input voltage rises from 0 Voltage-Controlled Oscillator Uses Negative 

-Pulse-counting discriminator in feedback to 10 mv, oscillator output frequency rises Feedback, Electronics, 35:11, p 64-65. 
loop gives adequate linearity for computing proportionally.-N. W. Bell and V. Chiunti, 
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PRF DISCRIMINATOR- Requires pulse-train 

burst of only two successive pulses to de-

termine prf above or below given limit. 

Two such circuits with nand gate can in-

dicate presence of given prf within 0.1% 

or within 1 cps of 1 kc. Input pulses are first 

given standard width and amplitude by one-

shot.-G. Richwell, PRF Discriminator, EEE, 

13:7, p 41. 

pl926 

0Iµ F 
INPUT 

INPUT WAVEFORM 
FREQUENCY- MODULATED 
INTERMEDIATE FREQUENCY 

ALTERNATOR FREQUENCY CONTROL-Servo 

discriminator measures phase with respect to 

preadjusted components, making accuracy a 

function of initial setting. At 400 cps, cl-c 

output is 100 mv for frequency deviation of 

0.5 cps. Absolute accuracy is 0.125% be-

RL926 

SHIFT REGISTFR 

L914 uL914 

PL914 , L914 

TRANSMIT 
LINE DRIVER 

PL900 

L900 
BUFFERS 

,12 - POT CORE BY FERROXCUBE, PART NO 1408P- L00- 3E 
PRIMARY 10 TURNS, SECONDARY 40 TURNS, WIRE SIZE NO 29 

LOGIC CIRCUITRY BY FAIRCHILD SEMICONDUCTOR 

DIFFERENTIAL DISCRIMINATOR-Tunnel di-

odes ser ve us current level detectors, allow-

ing detection of serial bit information while 

providing common-mode rejection of noise. 

WAVEFORM AFTER DIFFEREN-
TIAT ION — NEGATIVE SPIKES 
CLIPPED 

LIMITER 82-IuF 

I/  

3 3K 

- 10K 

LIMITED 
22µF WAVE FORM 

27K 

411  

IN 

4 / K 10K 

- - - 

0047µF 

9 IK 

PULSE-COUNTING F-M DISCRIMINATOR-

Based on inherent stability of tunnel diode 

as converter oscillator in f-m receiver for 

strong-signal locations. Uses 200-kc i-f cen-

ter frequency as input.- D. Hubbard, Pulse-

Counter FM Discriminator Design, EEE, 10:7, 

p 44-49. 

tween - 55 and 100°C ambient. Used as 

error-sensing device with servo drive in 

feedback control loop of constant-speed 

transmission for aircraft alternators.- R. Hill, 

Discriminator Controls Aircraft Alternator, 

Electronics, 31:41, p 94-95. 

I TRANS-
! MISSION 
LINE 

Used in system for transmitting phase-modu 

ulated digital data over telephone line. Origi-

nal pulse waveforms are restored by diodes. 

-F. Salter, Differential Discriminator Rejects 

01 
IN2940 2N769 

100 

IN 2940 

DIFFERENTIAL 
DISCRIMINATOR +3 

+3 

IK 

1K 

WAVEFORM 
OF RECOVERED 
INTELLIGENCE. 
FUZZ DUE TO 
VESTIGE OF IF 

TOGGLE 

I POLARITY CHANGE 
I DETECT 

Common-Mode Noise, Electronics, 

p 101-102. 

39:15, 
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Display Circuits 

OUT TO GATES OR MATRIX 
G H 

FLIP-FLOP BUFFER 

10-STATE RING COUNTER—Flip-flop drives 

ring-of-five stage that in turn drives diode 
matrix which translates each stored deci-

mal number to electroluminescent display 
segment code.—R. C. Lyman and C. I. Jones, 

Electroluminescent Panels for Automatic Dis-
plays, Electronics, 32:28, p 44-47. 

RING — OF — FIVE — COUNTER + 26V 

ALL UNMARKED RESISTORS ARE I8K 
ALL UNMARKED CAPACITORS ARE 0.001 i.LF 

POSITIVE RESET PULSE 

0.1 
TO RECEIVER 

FREQUENCY 
METER 

II5V 
60CPS 

0 T MING MOTOR 

TRANSMITTER 
CAM 

L _1 

(KEYER) 

100 100 

L 
0.5 0.01 

_J 

SWEEP I 
CAM 

+700V 
  300V 

2.2M 

+340V 470K 
SINGLE 
PING 

1.2M 

0.015 

OFF o 

ALL DIODES ARE TIG 

ALL TRANSISTORS ARE 2N60 
K. X 1,000 

V7 

1/2 GALS 

CONTINUOUS 

2,200pF 

220K 1.5M 

SEARCH 

o 
SECTOR 

TO TRANSMITTER TUBE I 6.8M 
CONTROL GRID ---.- 

10M 
SONAR TIMER AND CRO—Timing functions, citor. Leading edge of received echo is ADJ SWEEP 

including display, are derived from cam-op- aligned by delay control with crt reference   (SEARCH) 

erated switches driven by synchronous mo- line, and delay time in millisec is read di- Survey Arctic Ocean Shelf Transmits Through 
tor. Thyratron V6 discharges sweep capa- redly from dial.—L. H. Dulberger, Sonar to Ice and Water, Electronics, 34:31, p 44-45. 

2.2M I2K 

0.01 

CRT 
7JPI 

—L. 
500K 
CENTER 

220K 

470V 

560K 

470K 

IM 

470K 

-2,400V 

6.8M 

6.8IA 

6.8M 

6.8M 

204 
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GATE 

-75v 

INPUT 
TOGGLE CLOCK 
SWITCH 47K 

TRANSMITTER 

OUTPUT AMPLIFIER 

-75v 

F 

ENCODER 
SWEEP 

06 

-75v 
+26v 

E). 30K 
DECODER 
SWEEP 

-15v 

RECEIVER 

INVERSION AMPL PULSE DELAY 

-75V -75V -75V 

39 MEG 18K 220K 150 K 0.004 82K 

47K 

ALL TRANSISTORS 2N60 
ALL DIODES TIG 

20K A- C SUPPLY 
C, 

▪ 56 
1101< 

RESET 
-75v 

FLIP-FLOP EL CONTROL 
GATE MEMORY CIRCUIT MATRIX SECTION EL CONTROL CIRCUIT 

RECEIVER 

BINARY CHANNEL FOR EL DISPLAY—Infor- played, for rapid error correction if informa- Information is introduced by opening 59 

motion is transmitted to decoding unit and tien is garbled during transmission. System in transmitter.—R. C. Lyman and C. I. Jones, 
display board in series of pulse bursts, can use pair of wires for transmission, hay- Electroluminescent Panels for Automatic Dis. 

each containing entire information to be dis- ing sufficient bandwidth to pass pulse burst. plays, Electronics, 32:28, p 44-47. 

K.x 1,000 

A- C SUPPLY 
0.25 

220N 

4.7K 11 1332 

z 

39 2O22O 
K BLANKING 

SIGNAL 

I 5K 

BALANCED GATE 
V, ,V2,12 AT 7 

BAL GATE 
V5,V6,12 AT 7 

15K 

BUFFER AMPL 
V,4,12 AT 7 

3.3K 7 3.3K 

11< 1K 100K 3,9(° 

AMPL RAMP SHAPER 
V3, 6 a 6 I.5K V4,12BH7A 

AMPL 
V2,6 C8 6 

470K IX 

10K 

1 

350 MH: 

+8 

ADDER 
V9,6C86 

33cK 

D- C 
V e 124u7 

*vv 
1- 10 IK 

MEG  2.7 . 

47 470K 

100 
0.045 K 
1.4t.e.nAml 

10K 1130K 

100K 

BIAS ADJ 

MV INTEGRATOR 
V, 5, 12 8H7A V, 6, 12AT 7 

0.1 
47K 

56K 10K 

GE 
1N91 

470 

10 

300K 

GE I N91 

+B 

_1 o 

(-

Wu_ 41D 0.1 
22K > 20 

LEVEL 
ADJUST 

AMPL 
12 8H 7A 

SCHMITT TRIGGER 
V,2, 12 AT 7 

+8 = 250v 
-8.-135v 

K x1,000 

10K 47 
50K 

I50K 30K 

DIFFERENTIATOR 
Vo, 12 AT7 

10K 

10K 

 1(  100K 

7.. 10 

tI3 

ANALOG-TYPE RATIO COMPUTER—Computes shot noise. Five main parts are sampler, 

and automatically displays on oscilloscope shaper of ramp or step in each channel, 

the ratio of two time-varying quantities, amplitude comparator, converter for final 

such as noise suppression factor of tube indicator, and timing unit that provides 

sampling signal.—J. Tamiya, Automatic 

Display of Noise Suppression Factor, Elec-

tronics, 33:6, p 55-57. 
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PULSE 
LINE 

27K e 
o 1 
oc 

111 2iiiîiî  
ZM10 20 

430V 150K 

150 pF 
8 

10nF 100 pF 

o 
Z700U 1M 

_L 

33K .7Z1OnF e1OM 33K 

•  

K9 

100PF 

PULSE-COINCIDENCE CONTROL-Coincidence 

of incoming code with reference pulse causes 

cold-cathode code tubes to fire in accordance 

with binary number present, for driving dis-

play panel containing eight sections each 

having 30 miniature fluorescent lamps.-T. S. 

Pick and A. Readman, Photoelectric Scan-

ners Control Bus Traffic, Electronics, 32:28, 

p 50-51. 

2-µSEC 
SYNC 

-LI-

+50V 

+50V 

25 pF 

3.9K 

120K 

01 
291501 

IK 

8+ 

8.2K 

K X1,000 

PRIMING -

PULSE 

CODE 

Z700U 

_2,000 
T it,uF 

TO 
STORAGE 
RELAYS 
AND B+ 

2700U 

100 pF 

 IF-

10nF 

1M 
Vet • 

NUMERICAL DISPLAY- Either cold-cathode 

trigger tubes or transistors drive 10-digit 

cold-cathode indicator tube.-M. A. Mac-

Dougall, Using the Cold-Cathode Tube: Part 

1, Electronics, 38:6, p 78-82. 

OUTPUT 
TO NEXT 
DECADE 

I51< I5K I5K I5K 

0.2 0.2 0.2 0.2 
 11 Il II  
V Z700U V Z700U V Z700U V 27001.1 V Z700U 

LOGIC 
IN 

1MEG 
10 
MEG 

REFERENCE 
PULSES -11- 3.9K 

20K 
33K 25pFIF—. 

_2,000 

Z700U 
270K 

IMEG 
10 
MEG 

_2,000 

Vs 

2700U 
270K 

10K 270K 

MEG ó 

IMEG 
o 
MEG 

25pF 120K +50V 

C, 
6,8009F 

02 
=2N388 

LOGIC INVERTER RESET 

+10V 
5022 

510 

1K 100 

04 05 

291388   2N388 
IN663 

100pF 
= 10K 

SYNCHRONIZED INPUT-

SAVITOOTH GENERATOR 
AND COMPARATOR 

06 
291414 

25pF 

-I0V 

BLANKING 5iLSEC 

08 
2 N501 

/07 
2N501 

_2,000 

Z700U 
270K 

2,000 
P-1,F 

+50V 

IMEG 
o 
MEG 

I20K   

50pF 50pF 

19K • 100 
IK 3.9K 

AMP L IF IE RS 

CCTV DISPLAYS VOLTAGES AS BAR GRAPHS lines can be electronically positioned on to common bus feeding comparator input 

-No change is necessary in closed-circuit screen as go and no-go limits. Display con- shown.- D. Cohen, Converter Produces Televi-

television monitor. Switch gives choice of version system has counter that commutates sion Bar Display, Electronics, 34:44, p 45-47. 

bar graph or picture display. Horizontal up to 20 low-frequency analog voltages on 

-U-

2N4I4 

Z700U 
270K 

120K 

010 
2N 41 4 

•••••••  
IMEG 
000 ¡Lp.F 

2700U 
270e( 

2,000 

10MEGI  

CV 

BAR 
GRAPH 
VIDEO 

LOGIC DRIVER 
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FOUR-ELECTRODE NEON-On-off indicator 

for transistorized flip-flop operates on volt-

age differential of 6 v.-A. Erikson, French 

acr LAMP READOUT INVERSION-Used if lamp 

output is required with switch open, or if two 

lamp outputs are required (one lamp com-

ing on for switch open and the other for 

switch closed). All lamps are type 39, rated 

6.3 y at 0.36 amp. With scr off, voltage 

across Li and L2 was 0.8 y with 6.3 

Components Getting Smaller, Electronics, 

34 11, p 24-25. 

oss 13, with no visible light from Li and 

L2. With scr on, there is about 6.3 y 

across Li and L2, with no visible output 

from L3.-Inversion Technique for Incandes-

cent Lamp Readouts, "Electronic Circuit De-

sign Handbook," Mactier Pub. Corp., N.Y., 

1965, p 208. 

CORE 
OUTPUT 
PULSE 56K 

100K 
IN 67 

0.0011 

II5V 

2N3I 6, 

12 
READ- IN BIAS GATE DISPLAY RESET 

WOK 56K 

IN 67 

0.0011-

2N357 

1001( 566 100K 56K 

IN 67 
. P.$ 

0.001" 

0.01 

K r X1,000 

+20 

2N44 

10K 

1N6 7 

0.0011-

PULSE 
STRETCHER 4.7K 

2N167 

12 

GAS 
TUBE 
DISPLAY 

 +90 

2N3'98 

HIGH 
VOLTAGE 
INTER-
RUPT 
SWITCH 

GAS-TUBE READOUT-Thyratron display tubes 

(Kip Memolites) remain on until next input 

sync pulse occurs. Static delay one-shot is 

then triggered, to extirc9di5h display bulbs 

by dropping their plate voltage below ioniz-

ation point. Bulbs are extinguished only 

when new input information is to be re-

ceived. Used in converting up to 13 bits 

from Gray code to straight binary.- R. Was-

serman and W. Nutting, Solid-State Digital 

Code-to-Code Converter, Electronics, 32.50, p 

60-63. 

HOP NUM 
WAVESHAPE 

VERT 
GAIN 

Di 
-175V 

VERT NUM 
WAVE SHAPE 

-350 KrX 1,000 25K 

CRT CONTROL-Takes waveforms from gates 

and applies them to deflection electrodes 

of 2-inch crt to create numeral-forming Lis-

sajous patterns.- R. L. White, Forming Hand-

written-Like Digits on CRT Display, Elec-
tronics, 32:11, p 138-140. 

113V 

t 4 3 

344 

70 

LAMP-TYPE INDICATOR-Used as indicator 

in digital logic circuits. Common-emitter 

amplifier d. ives typo 344 lamp rated 18 ma 

at 12 v. Can also be used to drive electro-

mechanical indicator having the same oper-

ating power requirements. Lamp may be re-

motely located.-NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Circuits, 

PSC 13 ( originally PC 216), p 13-2. 
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r— — 

r — — 
1 

—15ov 

390 K 

STORAGE FLIP/FLOP 

.-.. ... 

— — — -- hi -- — 
. (CONTROLLED 
>56K VOLTAGE ) • r 

COUNT FLIP-FLOP 

7500 7500 

56K 

_ 

BINARY NEONS—Q1 and Q2 are active ele-

ments in transistor binaries, and lamps NE-A 

are pre-aged neons matched with respect to 
firing and running voltages. Voltage at D 

stores information in neon lamps.—B. H. 

Harrison, Photoconductive Matrix Simplifies 

Counter Display, Electronics, 34:51, p 28-30. 

PULSE 0.05 
IN —I 

OUTPUT TO 
CHANNEL 
AMPLIFIER 

NANOSECOND PULSE DISPLAY—Magnetic-

focus electrostatic-deflection beam-deflection 

tube permits pulse height analysis where 

pulse separation is of the order of micro-

seconds.—J. Burns, Special Tubes for Nano-

second Display, Electronics, 33:49, p 82-85. 

CHARACTER-FORMING DOT GENERATOR— 

Transistor switch, having drop of less than 

50 mv when delivering 50 ma, is used in 

display that provides fast alphanumeric 

readout on crt by forming characters from 

series of overlapping dots.—S. C. Chao, 

Character Displays Using Analog Techniques, 

Electronics, 32:43, p 116-118. 

GATE-OPENING 100-KC OSCILLATOR—Output 

voltages are taken across r-f chokes in col-

lector circuits, for controlling number gates 

of crt display that creates handwritten num-
erals.—R. L. White, Forming Handwritten-

Like Digits on CRT display, Electronics, 32:11, 

p 138-140. 



CHAPTER 29 

Electronic Heating Circuits 

ISOLATION OSCILLATOR—Used to isolate 

duty-cycle generator of induction heater 

control system from pulser of power oscilla-

tor.—R. E. Mathews and F. R. Sias, Jr., 

Testing Space Craft with Induction Heaters, 

Electronics, 35:34, p 38-41. 

VARIABLE- FREQUENCY 
OSCILLATOR 

GC4 0;00,1p0 Or, 01 1 _ 
PF. lopoo à 

 1 - ' 
5 1 6A KS 56000 

TO POWER OSCILLATOR 

PICKUP LOOP 

.150V 

CRYSTAL-CONTROLLED 
REFERENCE OSCILLATOR 

SmuF 

9041AC 
CRYSTAL 

20,000 

20-30' 00, .'5°v 

IN V91 
6J5 

118.4V 
PULSE IN 

6.3V A-C 
TO V81 FIL 

I - F STRIP 

66- MC CRYSTAL 

If 20-30 

Ce65-100upF EACH SECTION 

•; 

0.003 ' 

A2-C1 

200••F 

ALS 

GATES 

GASG 

0.1 MEG 

200wd 

5,000 

GALS +150V 

•- iBLANKING CLAMPER 

I- F STRIP 
6.5•MC 
CRYSTAL 

0.002 CY 

+150V 
GALS 

00me 
GALS 

o.1 
MEG 

O fj +150V 

BLANKING CLAMPEFt 

+300V 

01 

33,000 

SAWTOOTH 47.000 

SWEEP 1005 
GENE RATOR 

<1; 

10,000 

epoo 10000 

+300V 

33000 

opoo 

TRIGGER CIRCUIT °OHL 
ECCLES-JORDAN 

PULSE INTEGRATING 
''"v DETECTOR 

  oo4  01 MEG 

01004 6AL5 

75.000 

•0 ooz' 

LINE 

oopi 
12,00p 000 

27.12-MC DIELECTRIC HEATER—Pulse-con- tinually, with 200-cps mvbr governing rate 

trolled frequency-stabilization servo mechan- at which system compares oscillator fre-

ism retunes self-excited power oscillator con- quency with that of crystal-controlled ref-

+150V 

MEG 

lu°° SERVO MOTOR 
2,000 

0 

-.S0Oue 200-CPS 

2,200 

16 
LINE 

1614 

SERVO 
AMPLIFIER 

POWER MULTIVIBRATOR OSCILLATOR 
TUNED 
CIRCUIT 

lov 

erence oscillator.—J. Markus and V. Zeluff, 

"Handbook of Industrial Electronic Control 

Circuits," McGraw-Hill, N.Y., 1956, p 173. 
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SYNC FREO ADJ 

5 OVA 

-,
 
34
> 
T
R
A
N
S
F
O
R
M
E
R
 

(NJ 
ts.1 

o 

o 

II0V A-C SYNC IN 

o o o 
0 o o y y y y Y  
PO Y1 In _ cso tso 

o y y y Y ac y y 
t, «, cv r. cn I.- V> CD 

CV el re, .1' idl .0 

o  
SYNC AUTO RANGE LOW \ HIGH 

10K 10K 

e_25K 

F 
SYNC PHASE 

SYNC 10K 

AMP 

Z PT- 5 

22K 

-8-
2NI69A 

1 2K 

FREO ••••, .5K 

100K ...1,t.-e 
270K • ›. 8.2K I   •••••  1.2M 

I • 2.2K 

2NI69A 

SYNC FREO STEPS 

2N396 

1K 2NI69A 

6.8K ) 

820 

3.9K 

AWTOOTH 
OUT 

25K 

OUT 
LEVEL 

20V▪  D-C 

1N490 

2N396 

SAWTOOTH-SYNC GENERATOR-Provides Mathews and F. R. Sias, Jr., Testing Space 

sync and sawtooth signals for power oscilla- Craft with Induction Heaters, Electronics, 
tor control system of induction heater.-R. E. 35:34, p 38-41. 

KEYER BIAS POWER SUPPLY 

220V60-

100 4 

500 
I o o 

 'VW 

5K 
POS BIAS 
ADJUST 

0.0068 

1.5K 

866A 5-25HY 

866A 

{iirA 

866A 

AC TO RF 
ISOLATION OSC OSC BIAS POW- ER SUPPLY 

INDUCTION HEATER POWER OSCILLATOR- and keyer bias.-R. E. Mathews and F. R. 

Circuit includes power supplies for oscillator Sias, Jr., Testing Space Craft with Induction 

50K 50K 

HI--
I I--

KEYER CABINET I RF OSC CABINET 
0.01 I 1G KEYER 

GOL 
RFOSC 
TUBE 

RFOSC 
TUBE 

COMMON  TERMINAL- BLOCK, BIAS AND PULSE 
TO GRID RETURN OF R F OSCILLATOR 

FC 

— 100K 100K 

+450V v2 

CR 
VRI50 VR150 41,2 

VRI50 
0.005 270K 

-500V  T+ - 

PULSE INPUT 
58V NEG 

Heaters, Electronics, 35:34, p 38-41. 

25K 

20K 
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+500V 

E330K I MEG. 

r. C1 0.15 

DI 

PI 

220K 

60V 

ElOOK 

Pl  
D2 

I MEG 

1MEG 

100K 

= 1,500ggF 2.2K 

60mH 

VI 

5727 

10K 

18.2K 

L1 
evsr,". 

L2 
—rev-y-%  

C2 
- 11  

REPETITION RATE CONTR 0 L—Compensates 
for fluctuations in repetition rate of hydrogen 

thyratron in induction heater. Ripple voltage 
induced in Li acts on control grid of V1 to 

displace peaks at which ignition occurs in 
correct direction to maintain constant repe-

tition rate in damped circuit.—H. L. Van Der 

Horst, How Radar Techniques Improve In-
duction Heating, Electronics, 32:7, p 51-55. 

+500V 
R r! 

--•—/V\Ar--• 5727 

1 MEG V1 

R4 

1 MEG 

i33OK 

220K 

—60V 

100K 

330 — 

2.2K 6,800 — 
µp.F 

60 mH 

PULSE GENERATOR 

INDUCTION HEATER CONTROL—Thyratron 

pulse generator V1 produces voltage pulses 
of adjustable frequency for pulse shaper V2, 

which drives hydrogen thyratrons of high-

D1 

PULSE 
SHAPER 

RATE —CONTROL CIRCUIT 

175g H 

= CI 0.35 

5949 

RESERVOIR 
HEATER 
SUPPLY 

526gH 

C2 0.48 

REPETITION 
L4 RATE 

CONTROL 

LOAD 

. L2 
LOAD COIL( 

HYDROGEN-THYRATRON INDUCTION HEAT-

ER—Thyratron acts as high-speed switch, 
much like spark-gap oscillator, to produce 

damped oscillations in tank circuit L2-C2 

Output frequency is 10 to 14 kc, depending 

on load. Peak thyratron current is about 
340 amp when Vo is 10 kv. Repetition rate 

depends on maximum average current, and 

is 124 cps for 0.5 amp. L3 is 0.32 h.—H. L. 

Van Der Horst, How Radar Techniques Im-
prove Induction Heating, Electronics, 32:7, 

p 51-55. 

I-1 100K 

0.01 

I MEG 

1 MEG 

—60V 

power induction heater. V3 regulates repe-

tition rate of pulses by acting as switch 

that, when conducting, allows Cl to dis-

charge rapidly through R1.—H. L. Van Der 

140 H 140H 

K X 1,000 

PULSE SHAPER 

0.022 

THYRATRON 
CONTROL 
GRIDS 

Horst, How Radar Techniques Improve In-

duction Heating, Electronics, 32:7, p 51-55. 
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- 500 

DIATHERMY FREQUENCY MONITOR AND 

CONTROL-Monitor circuit stops 27.12-Mc 

oscillator and sounds buzzer when frequency 

drifts beyond legal limits established by FCC. 

-J. Markus and V. Zeluff, "Handbook of 

Industrial Electronic Control Circuits," 

McGraw-Hill, N.Y., 1956, p 100. 

6J5 

HOLD - 

0,1T 

+ PLATE VOLTAGE 

100K 

TO ELECTRODES 
ON PATIENT 

3 H 
o 10-50»»F 

Lou rpuT CIRCUIT or0-,2j , H -ten  

OFF 5» F  H, 
COMBINATION 5»F 

N ON-OFF SWITCH AND 
OUTPUT COUPLING 
CONTROL 04» H 

PULSER AND KEYER-Used to control power 

oscillator of induction heater at rates up to 

800 pps.-R. E. Mathews and F. R. Sias, Jr., 

Testing Space Craft with Induction Heaters, 

Electronics, 3534, p 38-41. 

II5V A- C 
LMI9J MONITOR CIRCUIT 

BUZZER 

3 H2àki i„,1_110VRERLAOrAD 

HOLD 

I-
45 

trl - 
ti) î 

OFF 

 O.° 
-e0N 

' AUXILIARY 

1I7V A- C 25»» F 

1(--* 

200»»F 

200»»F 

_CA 

6.15 

5»H 

2»H 

200»pF 

200»»F 
4--IHI, 
0 001 

8100 MM 

1 2,000v 0000sasao  

UE 
468 

SWITCH 

=„2.1  
 IRDT15.000 

+0.001 

,11.> 0 001 

DIFFERENTIAL 
RELAY 

6-8V 
P LOT 

150 

0001 

1/-4—* 
0-100 M«.A.9 

A-C 

0001 

10V 

00000 
.50:0 j 

TO OSC 
GRID RESISTOR 

6V 
,J01, 

 f SPOT 
SWITCH 

CLOSED-LOOP REGULATOR FOR INDUCTION 

HEATER-Switching action is performed by 

parallel triodes V2 and V3 that replace 5,000 

ohms of oscillator grid resistance. Tungsten-

lamp bridge serves as measuring circuit 

that produces phase-modulated supply-fre-

quency error signal. Requires no components 

with heavy power rating because only low-

power signal is required by switching tri-

ode.- J. Markus, "Handbook of Electronic 

Control Circuits," McGraw-Hill, N.Y., 1959, 

p 178. 



ALL 
NEON 
TUBES 
ARE 
NE-2 

+300V 

TO 
MASTER 
OSC 

CHAPTER 30 

Electronic Music Circuits 

ORGAN SWELL SHOE—Uses capacitive vol-

ume control Cl to replace expensive indus-

trial-type potentiometer. Operation of swell 

shoe varies value of C2 which consists of 

two hinged metal plates. Cl is series leg of 

capacitive voltage divider, shunt leg of which 

is dynamic capacitance of about 0.02 mfd 

across tube grid due to capacitive feedback 

from plate through C2. Attenuation range is 

great, and noise and hum are negligible. 

—R. H. Dorf, Electronic Organ Uses Neon 

Tone Generators, Electronics, 31:35, p 36-41. 

I“ X 1,000 TO 
VIBRATO 
OSC 

I SUED 

IN TONE 
GEN 

CHASSIS 

- —IN— 
VOICING 
PANEL 

< 5K 

NEON TONE GENERATOR—Each of 12 organ 

tone generators has four pairs of neon tubes 

in series, each pair shunted by two series 

capacitors. With signal taken from common 

OUT 

100 

C2 

0005 

0025 

,00,, HARP 
418 

DIAPASON 
16-ft DUI IA 

16-11 

IS-Il IN   

EDEL INPUTS 

B-IIIN   

470« 

00 

100 

CE LO K 
I6 It 

0.001 

4704 

47arcr.— 

(mot 
15E0 

SOFT NORUAL 

ISEO 

100 

  5-11 41 IN— / wok 

220« .$41>  
0.004 4704 

0.004 1 

e--I 
220« 

LOUIS   

SR /64/470K 

ele ve 
',REM. IN OUT 

DIAPASON 

0 0 • 8.. 

0'..- 
TRUMPET 

lOOR It C°K rL-7,' 220« LOWER SOFT NORMAL cc 
.... 

16 II INPUTS B I 33°e 4 /' — RKEYBOARD 

DULCIANA 

ORGAN VOICING PANEL—Contains formant 

filters that transform sawtooth generator 

signals into waveforms of various instru-

ments. 19 different tone colors or timbres 

are available, ranging from sharp strings 

TO 
1ST 

DIVIDER 

TO 
2ND 

DIVI DER 

and reeds to bland flutes and pipelike dia-

pasons. Filters are interlocked to produce 

composite effects.—R. H. Dorf, Electronic Organ 

Uses Neon Tone Generators, Electronics, 31:35, 

p 36-41. 

TO 
3RD 

DIVIDER 

4.7 MEG 

4.7 MEG 

point between capacitors, sufficient insolation 

exists to prevent feedback and spurious 

tones in output. Master oscillator provides 

initial sync for neon-lamp divider chain. Ar-

82 
F 

TO 
4TH 

DIVIDER 

200 
eip.F 
 1 

200 

C12 < 100K 

TO 
5Th 

DIVIDER 

EG 

4.7MEG 

tOOK 

tide gives capacitor values for each musical 

note.—R. H. Dorf, Electronic Organ Uses Neon 

Tone Generators, Electronics, 31:35, p 36-41. 
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PEDAL FRE0 DIVIDER 

PEDAL IN 

+260V  

390 390 

PlIF 330K 

0.01 1 MEG I MEG 

CONTROL 
INPUT 

I2AU7 

20K 

AMP AND SHAPER 
16 ft PEDAL OUT' 

ft PEDAL OUT 

100K 470K 

47K 

R1-ADJUSTS HIGH RATE LIMIT 
R2-ADJUSTS LOW RATE LIMIT 
R3-IRC TYPE 013-328 

POTENTIOMETER (LOG TAPER) 

SPKR-UTAH MODEL SP358 3.4 û V.C. 
SIZE 31/2" MAGNET 10Z 
(HOWEVER, ANY SPEAKER 
CAN BE USED) 

0.01 

100K 

120V 
60'1, 

0.01 

I2AU7 

100K 

1,000 1,000 

100K 

0.01 

PROGRAM 
INPUT 

I2AU7 

I2K 

47K 3. 3MEG 

620 47K IM 

K :X 1,000 

10p.fd T 25V 

CI  
0.01 

R 4 C2 C6 c-, 
470K 0.01 0.15 r1.0.33 

I2AU7 

220K 

.IMEG 

100K 

2N2I60 

 INIJUNCTION 

SPEAKER 

ORGAN PEDAL GENERATOR—Shaper V2 yields 

sawtooth wave with steeper flyback than 

from neon oscillator. Output of V2 feeds 

bistable mvbr VI which changes state with 

each input trigger. Bistable output at VIA 

is half the input frequency (one octave 

lower), so 16-ft pedal tones are produced 
without low-frequency divider stage for each 

tone generator.—R. H. Dorf, Electronic Or-

gan Uses Neon Tone Generators, Electronics, 

31:35, p 36-41. 

-E.— 221/2V 

UJT METRONOME—Rate is adjustable from 

40 (low largo) to 220 (high presto) beats per 

minute.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 379. 

2SVDC 
NOMINAL 

APPROX. 4MA 

R6 47K 47K C4 56K 
4.7 MEG • 0.5 

27K 47K 

10K 

6AL5 

82+ (250 vi 

(2809) 

OUTPUT 

PERCUSSION OR ELECTRONIC MUS C—Pro- thesized program material. One input accepts Synthesizer Creates New Musical Effects, 

vides congruent envelope shaping and coin- control signal, while other accepts material Electronics, 34:48, p 33-37. 

cident percussive envelope shaping of syn- requiring envelope shaping.—H. Bode, Sound 
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NE-2 
NEON LAMP 

GRID CLIP FOR 
OCTAL TU8E 
GRID CAP 

180V 

RI 

(WW1 2.2 M 

Li 

NE-2 

22 MEG 

3,520 hz 

CI 

0.001 

1,760 hz 

R2 L 2 R3 
2.2 M BREAKDOWN ' 2.2 M 

VOLTAGE ..e...„.....-----
L3 

0.002 ,.... 11 4 C3 

4E-2 

C2 
/ 

\.. -,., 

\ 

)  

22 MEG 

880 hz 

0.005 

22 MEG 

440 hr 

NEON-OSCILLATOR SYNCHRONIZER-Metal tien oscillators, overcoming their inherent Woody, Jr., Clip Couples Neon Oscillators, 

clips on neon lamps are used to synchro- instability. Used in frequency-division type Electronics, 39:9, p 77. 

nize successive stages of neon-lamp relaxa- of electronic organ tone generator.-R. F. 

Ii 

250µf 
15V 

1390 CPS 
MASTER OSCILLATOR 

2 2K 

695 CPS 
I 41 01 VIDER 

(2) 

3475 CPS 
2n4 DIVIDER 

2) 

173 75 CPS 
3,d DIVIDER 

R, I 2K 

756 c6 
82 

100K 

1211 R, 1 2K 

240K 

25 

o 
20 1 

1 

o 1.5 IPA 

C1 22K 
.064 

120K C4 
001 

Cs 

C2 0.01 
.0069 

E 82 

N264 III 

Cs 
.047 

292646 

Cy 
047 

001 

292646 

C9 
047 

e 

mute 
(6E1 

Cs 

look 

292712 

L •50 MUY SLUG TUNED COIL NDTE ALL CAPACITORS ! ICI% 

0 • 6 I KC 

OC RES. 41300. 

ALL RESISTORS WAT 

V 

A 

ELECTRONIC ORGAN FREQUENCY DIVIDER- note large inductors.- J. F. Cleary and D. V. 

Ujt relaxation oscillator circuits reduce num- Jones, A Unijunction Frequency Divider, EEE, 

ber of master oscillators needed and elimi- 12:5, p 52-53. 

K. XI,000 

4-ti 
UPPER 

IN 

o o 0.02 100K 

I2AU7 

8-ft 
UPPER 

IN 

100K 

0.002 

0.02 " ' 2 

R2 
330 K 330K 680 

0.002 680k 680 

4-fl 0.001 
UPPER j_ 

-= OUT 

8 14 
UPPER 
OUT 

100 K 16- ft 
UPPER 

IN 

0.02 

330 K 

12AU7 - 

330K 
330 K 

— 0.001 

UPPER   
8- ft T 
OUT 

100 K 6- ft 
LOWER 

IN 
0.002 

0.02 %' 0.02 cs, o 

/ 8+ 

100 K 

0.02 

330k 

22K 

T W O - TRANSISTOR METRONOME-Rheostat 

provides rate adjustment.-"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 379. 

100K 4- ft 
LOWER 
OUT 

0.002 

$330 K 

16- f t 4t 16 ft 4- t 8-f I6- ft 
UPPER UPPER LOWER LOWER LOWER 
OUT OUT OUT OUT OUT 

OUTPHASED TONE GENERATOR-Bus ampli- nais that lack even-harmonic content. Corn- Electronic Organ Uses Neon Tone Generators, 

fiers located between keying-system outputs binations of these produce organ tone colors Electronics, 31:35, p 36-41. 

and formant filters provide outphased sig- called for by voicing panel.-R. H. Dorf, 



CHAPTER 31 

Filter Circuits 

Co 

S2A -I(  
OFF 

—VVV-• 
Ro 

200K 

K. X 1,000 

-380V 

AUTOMATIC THRESHOLD +12V 

(2) 
1N456 

6.8K 

* 1.5 SEC. SCAN - 10.0 µF 
1.5 SEC. SCAN - 3.3µF 

AUTOMATIC THRESHOLD CONTROL REJECTS 

NOISE-Provides varying threohold control ping by amplifier, signal enters threshold-
-12V 

voltage that causes detection threshold of shaping unit that operates as fast-rise, slow-

celestial guidance system to operate at level fall agc.-R. L. Lifiestrand, J. E. Carroll, and Part 2: New Challenge to Designers' Ingenu-

slightly above background noise. After clip- J. S. Newcomb, Automatic Celestial Guidance, ity, Electronics, 39:7, p 94-105. 

a) 
200K OFFIiii 

4701( 0.5 

GAIN   fre 
10K 

BIAS 
1K 

ACTIVE ADJUSTABLE-BANDPASS AUDIO FIL-

TER- Has Butterworth attenuation characteris-

tics and 42 db/octave cutoff slopes. Output 

is 50 y rms with low distortion, and dynamic 

range over 100 db. Second-order harmonic 

distortion is reduced by operating tube heaters 

at low voltage. Seven elements are varied 

simultaneously by switching different resistor 

and capacitor values to change cutoff fre-

quencies. Article has three tables giving these 

values for high-pass cutoffs from 16 to 16,200 

cps and low-pass cutoffs from 20 to 20,000 

cps.- J. R. MacDonald, Active Bandpass Filter 

has Sharp Cutoff, Electronics, 31:33, p 84-87. 

THRESHOLD MIXER 

47K 

10K 2 
-NA/se-•-. 

10K 3 

4.7K 560 
AAA. f Ye, 

+12V 

4 

THRESHOLD 
(TO SCHMITT 
TRIGGER) 

216 
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ACTIVE BUTTERWORTH R-C FILTER—Article 

gives design procedure for selecting R and 

C values for active filters characterized by 

zero output either at zero frequency or at 

infinite frequency. Symmetry of network 

transfer function allows choice of values by 

coefficient matching technique. Fifth-order 

low-pass filter, down 50 db at 70 cps, is 

shown.—R. E. Bach, Jr., Selecting R-C Values 

for Active Filters, Electronics, 33:20, p 82-85. 

4.06 695 

L2 L3 

100K 
El 

155 45.5 

L6 

NETWORK A 

ZOBEL BAND-PASS FILTER— Dull, exampl.” 

give at least 40 db attenuation below 7,500 

cps and above 12,500 cps, for 600-ohm 

+150V 

FET AMPLIFIER FOR ACTIVE FILTER—Meets 

gain stability and high input impedance re-

quirements for use with third-order low-

pass active filters. Uses bootstrapped source-

follower. Drain of input fet drives pnp tran-

sistor In cascode to reduce input capaci-

tance.— L. J. Sevin, Jr., " Field-Effect Transis-

tors," McGraw-Hill, N.Y., 1965, p 105. 

100K 

I2AX7 

150K 150K 

18.45 
L1 

42.7 
L4 

C, 0.014 0.006C046 

14 1 23.9 2.15 

L2 ' L3 

2 0.0193 

W+COI w +CO12 

0.011  

0.0636 

0.103 

150K 

-150V 

K = X 1,000 

24.2 

L7 

I0 0107 

6.25 

W-0O2 

C-2f -1-C3 0.041 1.126 
C5 C6 

NETWORK 

source and load resistances.— K. Lichtenfeld, 

Method for Simplifying Filter uesign, 
tronics, 33:21, p 96-99. 

CRYSTAL 
age-controlled varactor diode DI permits re-

mote location of potentiometer used for 

phasing adjustment. Circuit can be used 

for any i-f value from 100 kc to 1.6 Mc by 

selecting crystal with desired frequency.— 

H. Olson, Remotely Tuned Crystal Filter Elimi-

nates Tuned Transformer, Electronics, 38:23, p 

113. 

+12V 

RI REMOTE PHASE 
ADJUSTING POTENTIOMETER 

---- 100K 
RADIOTELEGRAPH I-F FILTER—Volt-
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IA 

-I2AT7 
2 

NH 
0.1 

2.2 
MEG 

2.6 5.89 3.58 

L 7 

1 
0.1 

32 

0.0062 0.0081 

L 

HF 
C7 

0.0434 , 0.076 

41.5 25.8 L5 ' 29.3 L6 L3 36.1 

I 0.0072 
LI 

C2 TIC 3 0.008/13.01 
C5 C6 

CT 

ADJUSTABLE 400-CPS TUNING-FORK FILTER-

Tuning-fork frequency is adjusted by varying 

current in extra magnet coils facing ends of 

tines. Current change of 1 ma in frequency-

adjust coils gives frequency change of 50 

parts per million. Input and output cathode 

followers isolate filter from rest of circuit. 

Drive and pickup amplifiers cancel fork inser-

tion loss.-J. J. O'Connor, Tuning-Fork Audio 

Filter Tunes Electrically, Electronics, 33:49, p 

66-67. 

2.22 2.90 3.18 3.97 

12 L3 5 L 6 

e-e c0 e li w-foDl w- I w +032 1 

— IF — IL' --IL 
C2 C3 C5 

0.089 0.115 0.072 

15.6 
L4 

0.016 

c6 
0.074 

NETWORK A NETWORK B 

ZOBEL BAND-ELIMINATION FILTER-Both ex- ohm source and load resistances.- K. Lichten-

amples give at least 40 db attenuation be- feld, Method for Simplifying Filter Design, 

tween 8,410 cps and 11,150 cps, for 600- Electronics, 33:21, p 96-99. 

- 32 V 

INPUT 

PARALLEL-T FILTER WITH FEEDBACK-Single- sponse is down 1 db at 62 cps. Can be 

transistor feedback circuit Q2 reduces high used in reproducing stereo tape, where it 

attenuation in passband that severely limits will salvage signals normally buried far be. -J. Stratton, Feedback Improves Parallel-T 

conventional 60-cps 1-notch filter. Filter re- low noise level of original tape recording. Filter, Electronics, 39:18, p 99. 

6,8 eLf 

OUT 



FILTER CIRCUITS 219 

LOW-PASS SUBAUDIO FILTER—Gives flat fre-

quency response from d-c to 1-cps cutoff, at-

tenuation slope of 15 db per octave, near-

zero insertion loss, and good temperature 

stability.—R. C. Onstad, Low-Pass Filter for 

Subaudio Frequencies, Electronics, 33:3, p 

88-90. 

162.5-KC 487- KC 
REJECT REJECT 

5-25 ppf 5-25 pe 

2.5 MH 1 MH 

SEARCH-
COIL 300 »}JF 
SEC 

I 00 pyr" 
15K 

•  

s. 

0.0513 

Ci 

Hf-
C2 

0.0245 

0.119 

C3 

48.40 MR 
L4 

_rey-rt, 

w c02 0-e-emu» 

--R--
C4 

0.00444 

0.0675 

CT 

18.45 NH 
L1 

42,7MH 24.2MH 

L'co I 

L3 L5 

8.81 NH 1.60 MH 
L2 

WCO2 

L 

0.1027 0.134 

CT c4T 
NETWORK A NETWORK 13 

ZOBEL LOW-PASS FILTER—Article gives design 

procedure using Cauer parameters. Both ex-

amples give 40 db attenuation at 5,000 cps 

when inserted between 600-ohm source and 
load resistances.—K. Lichtenfeld, Method for 

Simplifying Filter Design, Electronics, 33:21, 

p 96-99. 

810- KC 
REJECT 

5-25 pie 

)1( 
200pH 

)1-
3ooppF-

325-KC BRIDGED-T FILTER—Used in magne-

tometer having large amounts of odd har-

monics and only feeble second harmonic at 

secondary of sensing probe. Permits ampli-

+230• OC 

TRIODE MAGNETOSTRICTION BANDPASS FIL-

TER—Practical range is from 45 to 300 kc. 
When filter is used with triode, it serves as 

stable fixed-frequency oscillator in telemetry 

command receiver.— E. J. Neville, Jr., Design-

ing Magnetostriction Filters, Electronics, 33:51, 

p 88-89. 

4K 

510 

1,100- KC 
REJECT 

5-25 pe 

)te 
100 ,uH 

IK 

• 

100 TO 
y),IF AMP 

fying only second harmonic, without exces-

sive phase shift.— F. Voelker, Magnetometer 

Makes Continuous Measurements, Electronics, 

31:11, p 152-154. 

75.3M II 

L2 

0.1 0.0434 0.0765 

Wcol 

0.210 

 I/ 

18.1 NH 
L 

W CO 2 

1.17 

't.. C5 
13.7 NH 
L4 

CI 

NETWORK A 
ZOBEL HIGH-PASS FILTER—Both examples 

give at least 40 db attenuation below 2,740 

cps when inserted between 600-ohm source 

and load resistances.— K. Lichtenfeld, Method 

for Simplifying Filter Design, Electronics, 

33:21, p 96-99. 

417 MR 

L4 

NETWORK B 
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0, B R2 5IK 

75meg e 
rOOK 

Nee  

>7 5meg 

R4 100K 

CR, CR2 FILTER 

 . 0,.58 
1 FET VOLTAGE-CONTROLLED RESISTOR—Field- constant vo ltage to filter despite input volt- ,2.i 45 

effect transistor circuit (enclosed in dashed age variations. Uses 2N2386 fet as Q1.— TRIPLE-TUNED 90-OHM OUTPUT—Used to 

rectangle) serves as dropping resistor work- H. H. Nord, the FET as a Voltage-Controlled provide bandpass between 55 and 65.5 

ing into antiresonant a-f filter, to deliver Resistor, EEE, 13:1, p 65. Mc for signal from 10-mmfd plate capaci-

tance.— R. B. Hirsch, How to Design Band-

pass Triples, Electronics, 32:34, p 41-44. 

PLATE 

- - r--
Ro 104,14F 

1500 

C6 L6 
76,4.4r .04£H 

90 7 
OHM LINE 

Ce 
844.1,P 

LOW-PASS 

IN 

-I2V 
Qi 

2NI309 03 
0.1 0,1 0.1 2NI309 

237K 3K 316K 3.I6K µF µF ,uF 

IN 

147 001 4"." '''17 12.1K 
0.1 ,. 1.21 . _ 
µF 2NI309 K OUT 

-.-

6 8K 6 81( 

6 • 12 V 

800-CPS ACTIVE BANDPASS—Provides band- Selectivity at 3-db points is 72 db/octave.— 

width of 13 cps. Maximum gain is 24 db, T. Mollinga, Active Bandpass Filters, EEE, 

and divider at input reduces this to 0 db. 14:8, p 115-119. 

4 22K 110K II3K II3K 

62K 

Q1 
2N930 

FILTER— Unwanted short pulses 

from shot noise in celestial guidance photo-

multiplier z,re removed by active low-pass fil-

ter having constant phase shift over pass 

+12V 

04 

2N930 

OUT 

20K 

-12 V 

1.6 
0 086 
,LLN 
co 
85 
euF 

7-CPS ACTIVE BANDPASS—Band width is 1.6 

cps for center frequency of 7 cps.— T. Mol-

lingo, Active Bandpass Filters, EEE, 14:8, 

p 115-119. 

10K 

1K 

OUTPUT 

I K 

TRANSISTORS: 

NPN 2N-3405 
PNP 2N-3702 

band. Active filter avoids bulky inductors and Newcomb, Automatic Celestial Guidance, Part 

impedance-matching problems. Filter is modi- 2: New Challenge to Designers' Ingenuity, 
fled 6th-order Bessel type, called a Paynter Electronics, 39:7, p 94-105. 
filter.— R. L. Lillestrand, J. E. Carroll, and J. S. 
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800-CPS OSCILLATOR WITH PARALLEL-T FIL-

TER—R-C network in feedback loop deter-

mines frequency of oscillation.—T. Mollingo, 

Active Parallel-T Networks, EEE, 14:4, 

p 93-98. 

9.09K 9.09K 

+V 

ACTIVE 800-CPS PARALLEL-T FILTER— Poten-

tiometer adjusts amount of rejection to com-

pensate for tolerances of components. Sec-

ond emitter-follower provides lower output 

impedance so feedback to network is more 

effective in sharpening notch of filter char-

acteristic and in decreasing phase shift 

around null frequency. Used in servo sys-

tems.— T. Mollinga, Active Parallel-T Net-

works, EEE, 14:4, p 93-98. 

VARIABLE-BANDWIDTH 848-KC CRYSTAL FIL-

TER—High-Q unbalanced crystal filter is easy 

to adjust over appreciable frequency range. 

Can be used in f-m oscillators, signal genera-

900HM C6 L6 
LINE 20.4µ,µF I 0µH GRID 

s6i: 12.3 

TRIPLE-TUNED 90-OHM INPUT—Article gives 

design procedure. Example shown passes 

signals between 55 and 65.5 Mc.—R. B. 

Hirsch, How to Design f3undpass Triples, 

Electronics, 32:34, p 41-44. 

IN 
5311 

10 K 

100 K 

- I5L 

tors, and i-f amplifiers, as well as in variable-

bandwidth filters.— J. C. Seddon, Stable Crys-

tal Filter is Parallel Resonant, Electronics, 

31.11, p 155-156. 

400-CPS FILTER 

T 0.002 

0,001 0001 

200 K 

TWIN-T 400-CPS FILTER— Used with modula-

tors to increase signal- noise ratio. Filter is 

tuned to 400 cps, and eliminates other fre-

quencies by feeding them back. Q of filter 

is 6. Output is low-distortion sine wave in 

phase with input. Frequency regulation of 

carrier signal should be better than 1% 

or filter will introduce phase shift.— L. S. 

Klivans, Modulators for Automatic Control 

Systems, Electronics, 31:1, p 82-84. 

+250V 

MODULATED 
SQUARE-WAVE 
PUT 

HAL 

I.8pf 

33K 

LATTICE COUPLING OF DOUBLE-TUNED FIL-

TER— Permits adjusting coupling between 

input and output resonant circuits to com-

pensate for stray reactances and variations 

in component values. Used in 30-Mc i-f 

I.3pf 

L2 
1.9µh 

0.68 
Pf 

--)1 27pf 
0.075Fh - 

amplifier requiring 1-Mc bandwidth. One 

side of variable capacitor is grounded, per-

mitting convenient mechanical design.—.1. R. 

Grindon, Lattice Coupling of Resonant Cir-

cuits, EEE, 13:6, p 53-55. 

OUT 
500 

FILTERED 
OUTPUT 

L, 
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2MEG 

0.01w f 

iÑH 

I MEG 

+ 150V 

DYNAMIC NOTCH FILTER— Will trap out 10-

Mc noise while passing 10-Mc signal in het-

erodyne frequency converter used to extend 

measurement range of 10-Mc counter. Oper-

ation is based on difference in level of 

noise and desired signal. Dynamic action 

of filter nulls out low-level noise, but filter 

disappears in presence of desired high-level 

signal.— H. T. McAleer, Dynamic Notch Filter, 

EEE, 109, p 90-91. 

+300V 

22K 

11< 

1K 

12AU7 R2 

-2-

2 2 OUT 

WIEN-BRIDGE FILTER— Does not have high 

Q, but provides good rejection (40 db at-

tenuation with 1% tolerance components 

and 60 db with 0.1% tolerance components). 

—J. K. Goodwin, Wien Bridge Forms Re-

jection Filter, Electronics, 32:1, p 58-59. 

•  

CO 
22 pF 22 pF 

/UNLOADED 
k 0.245) 

Coo 
47pF Cot 

0-80 pF 

GENERAL FILTER— Bridging conventional 

bandpass filter with single capacitor COO 

converts to general filter having both sharp 

pass and reject behavior at adjacent fre-

quencies. For values shown, bandpass occurs 

at 20 Mc and peak rejection frequency 

is 19.15 Mc.— R. Kurzrok, Single Component 

Changes Bandpass into General Filter, Elec-

tronics, 39:8, p 95-96. 

TRANSISTOR AS SMOOTHING FILTER—Single 

junction transistor in filter network of low-

voltage power supply permits use of smaller 

filter capacitors and chokes. Used in cali-

brating d-c meters up to 1 amp, at which 

residual peak-to-peak ripple values are 

0.0015 amp and 0.005 v.— F. Oakes and 

E. W. Lawson, Transistor Filters Ripple, 

Electronics, 31:15, p 95. 

+105V 

0.01 0.005 

0.5 
MEG 

+ 
12 AT7 105V 

50K 100K 

-105V -105V 

OUT 

27K - 27K 

CASCADED HIGH AND LOW-PASS A-F— Slope 

can be any desired multiple of 12 db per 

octave, with insertion loss less than 2 db. 

Corner frequencies are 200 radians per sec 

(32 cps) and 40,000 radians per sec (6,370 

cps).—W. D. Fryer, How to Design Low Cost 

Audio Filters, Electronics, 32:15, p 68-70. 

—6V 

TRANSISTORIZED MAGNETOSTRICTION BAND-

PASS FILTER—Three transistors and filter give 

stable fixed-frequency oscillator, with over-

all gain of 20 db and maximum linear out-

put of 1 y rms.—E. J. Neville, Jr., Designing 

Magnetostriction Filters, Electronics, 33:51, p 

88-89. 



CHAPTER 32 

Flash Circuits 

220 K 

I MEG 

+6.3 V 

-6.3V 

TWO-TRANSISTOR CURRENT-MODE SWITCH 

With two separate voltage supplies, input 

pulse triggers transistors to give 2-amp 

pulses for driving light-emitting diode.— E. L. 

Bonin, Drivers for Optical Diodes, Electronics, 

37.22, p 77-82. 

2 N2647 

LAMP I 

GE 50C 

LAMP 2 

GE5OC 

4,700 4 700 

05 

Cl2F 

N1692 

ROTATING BEACON- Four lamps flash one 

at a time, beginning with lamp 1, when 

power is applied, to simulate rotating light 

c, 

inr 
FROM E- J -100V 

+250V +300V 

47 

FLASH 
TORE 
TRIGGER 

25 KV/ * 

HIGH-VOLTAGE FLASH PULSER—Two identi-

cal pulse generators are used to fire two 

flash tubes alternately in high-speed strobe. 

One unit is coupled to each plate of an 

Eccles-Jordan trigger, to produce required al-

ternating trigger sequence.— L. H. Barrett, New 

Circuit Improves Stroboscope Versatility, 

Electronics, 32:32, p 116-118. 

LAMP 3 

GE 50C 

o, 
012F 

100,au 
0.1 OHM 
D- C 

LAMP 4 

GE 50C 

Dd 

I NI692 

De 

C 1 2F 

for emergency vehicles. RT controls speed.— 

D. V. Jones, Quick-On-The-Trigger Design, 

Electronics, 38:12, p 105-110. 
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+200V 

479 47K • 
P-+ NE-2 

6FIN6 V5 

¡ HD:, I 1, 5o 4 ;21 

- 
-108V 

REMOTE START 
AUTO RESET LINE 

47• ggF (2) 
0.56MEG 

0.47e 
MEG e 

NE-2 
Vs 

GENERATOR 

56K 

..1_ _9..2_2_2. 

39K AUTO  MEG G 4 G5 025 2 4 of si .3RESET 
5 

START 

c I s 2 ....,_.„ (L27K MEG 

¡_ ) ?TOP =- _-. -108V 

8.2K 

BANDSWITCH 

POS 1 SPOOMMF 100-4001d POS 2 1,500ggF 300-1,200% POS 3 500g /FF1400-4,000% 

POS 4 50gg F 3,000-12,000% POS 5 50gg F 10,000-30,000% 

0.47 MEG 

NE-2 
V6 

5963 
VIA 

22K 

68N6 
v3 

0.2211EG 

33K 

Q47 MEG 

5 
+200V 

5963 

NE - 2 

RING COUNTER-UNITS 011 THRU Vig CIRCUITS SIMILAR TOY(' WITH 

5963 V9 CORRESPONDING CONNECTIONS TO S5 ST ANO Sg 

A 
ZERO 

15K 

I 2K 
(2)47g.µF  

A I e IONES 
5963 1  +350V  _ 

27K 156 e 27 47K 

•  
0.47MEG 1077µF NE-2 

(2)47/7µF 

3306 330K 
22K 

  vlo 
o 

logi‘F 

TO VI I THRU V10 

6 661 

S5ÎCOUNT 

025 
5963 

TO V11 THRU 

-01.--OSEL I 0-
SI 

O 
6 

°RES( AUTO 
RESET 

TO V11 THRU VIN 

166 6 piTo.°J t'A°1:9 - 
0 09 CONTROL 
-0•--QSEL 20- Se  

47K V 10M EU 

vim 

0.1 0.1 
MEG MEG 

0.22MEG I 0.22MEG 
+200V 

BUFFER AMPL 

TO A OF 
NO.2 LAMP 
CONTROL 

RING COUNTER-TENS 
V27 V29 THRU 035 CIRCUITS S M1L AR TO V10 WITH 

CORRESPONDING CONNECTIONS TO SWITCHES 5963 
BUFFER 

10 

  +350V  I I 
271 e 22K 1 527K I5K 27K 47K 

107LOLF 

0.47 5 

o 

180K 

+2000 
568 

NE- 2 

d 

12 
2/47m7LF 

19 I 

330K 

• 

22K0.01.7 

0.47MEG 

121 47µid 
12K NE 2 

TO Va THRU v36 
6 

O 

COUNT 

TO 025 THRU V 
,bc5c4cij 

OH OSEL I 

TO AUTO RESET IN 
LAMP CONTROLS s9 

20 10K 

100K 

fQ.bo +50ov 

SI3 4 

) lowt. 

IMAO 
FLASHES 

PER 
SECOND 

33K 

S14 2 

50%   w•-• 
33K 

515 

10K 

_CET 1:,,A7A. 

TO 025 THRU v36 

à6 6 

TO 80F 
1,f1.4 NO.1 LAMP - 

CONTROL 

9SEL 2 

IOMEG AMPL 

0.1 0.1 
MEG MEG 

Q22MEG T .rAMEG 
+200V 

TO 80F 
NO.2 LAMP 
CONTROL 

V24 LAMP CONTROLS V23 +200V V22 
2021 TWO SIMILAR CIRCUITS USED 5963 I 613N6 

TRIGGER FOR NO.1 AND NO.2 ONE-SHOT I COINCIDENCE 
_j> TRAT RON mULTIviORATOR GATE 

02 V25 10K 

SINGLE 
2021 2.2MEGe 7K0,151.1% 18104714 2211E6 

TIIFYLRASHOPT I" V t . 1.4 

39K -. ..-. e 

FLASH 
TUBE 

33K  vv% 
7.5K 

100%    39K 
Sig 0.5 -108v vv,. 

686 

517 025 

400% • 68K ye. i.5K / I  

01 6+-R 0 04-?1 

FLASH CONTROL 

FG 

15 

-100mmr 

TO AUTO RESET LINE 

trAEG%e 

-Ice/ 
- AUTO 

K1 tok RESET 4 

Cri its1F 

Sit 12 

E 

8210 _L/ MEG m 
11 /0•75ii 

ioev_ 

OUT 

SYNC 
SIG 

0.1 FROM 
PRE - 0e•H 
AMP 3? 

CAL 
SIG 
22K 

10K 
TO E-J 
TRIGGER 

STROBE OSCILLATOR-TRIGGER-Oscillator pro-
duces square pulses having short rise time, 

over total frequency range of 200 to 1. 

Oscillator may also be sychronized to power 

line. Schmitt trigger provides additional 

means of getting output pulse to drive 

Eccles-Jordan trigger that provides alter-

nate pulses for two shared-cycle strobe 

lamps.-L. H. Barrett, New Circuit Improves 
Stroboscope Versatility, Electronics, 32:32, 

p 116-118. 

4-350V 

IV 

INPUT TRIGGER 

1,000pr 

1 K 1- L1.1 
-0 
41 

220K OV 1/1 

12K 

K . 3( 1,000 150K 

- 200V 

TRIGGERED BLOCKING OSCILLATOR-Gives 

pair of output pulses, with opposite polarity, 

for controlling timing and spacing of flashes. 

-P. Scott, Microflash and Pulse Stimulator 

Tests Human Optical Response, Electronics, 
34:27, p 48-51. 

ADJUSTABLE STROBE-Provides time-motion 

data not possible with ordinary strobe. Used 

in studying motions where velocity varies 

during cycle, as in sewing machines, switches, 

relays, motors, and vibrating parts. Viewer 

con change motion point being studied by 

turning switch that gives choice of 100 dif-
ferent viewing positions.-J. H. Blakeslee, 

Strobe Techniques Analyze Complex Mechani-

cal Motion, Electronics, 32:23, p 62-64. 
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LOW-COST STROBE—Addition of silicon con-

trolled rectifier in triggering circuit of $20 

automobile engine-timing strobe gives low-

cost general-purpose stroboscope. Modifica-

tion is completed by wrapping ten turns of 

No. 18 bare copper wire around flashtube 

ond connecting one end to photoflash trans-

BLOCKING-OSCILLATOR SUPPLY— Uses modi-

fied blocking oscillator to obtain square-

wave switching at 4,200 cps. Charges 300-

mfd capacitor to 500 y in 5 to 10 sec from 

9-v dry cell that can deliver up to 700 

flashes To start oscillator, Si momentarily 

connects R1 to negative side of battery.—H. A. 

Manoogian, Transistor Photoflash Power Con-

verters, Electronics, 31.35, p 29-31. 

0.05 

IN 

+255 

100K 220K 

+ 155 
H 

I2AX7 

005 

I.5K 470K 

LINEAR AMP 

former Ti, with other end unconnected. 

be triggered by 10-microsec 3-v pulse 

ma, up to 25 times per second. Flash 

ation is 100 microsec.—A. C. Eberle, 

Cost Strobe Built with SCR in Trigger, 

tronics, 39:14, p 80-81. 

GATED 
AMP 

+78 70+82 6 AL5 

1.1 MEG 

+50 

CAL 

e 270K 
looK01. 

1.1.1 

KIK 20 
METER LIGHT 

SENSITIVITY 

FLASHTUBE TRIGGER— Uses 2D21 thyratron 

switch to discharge capacitor across primary 

of high-voltage pulse transformer whenever 

thyratron is fired. Resulting pulse is applied 

to trigger electrode of flashtube Fires re-

Can 

at 5 

dur-

Low-

Elec-

5y 

0.02 

2N277 

351 
NO.18 

Ni 

IN2071 

ARNOLD 
A- 930I57-2 

N3 
8601 
NO.35 

530 
- 

425V 

PHOTOFLASH SUPPLY— Flyback or ringing. 

choke oscillator is free-running when voltage 

on regulator capacitor C2 is less than zener 

voltage for reference diode D2, but con-

verter action is halted when desired output 

voltage is reached. Circuit then periodically 

replaces charge lost by capacitor leakage. 

Energy conversion efficiency can therefore 

exceed 50% theoretical upper limit of most 

conventional photoflash circuits.— R. J. Sher. 

in, Efficient Photoflash Power Converter, 

Electronics, 33:4, p 57. 

7.5K 

+255 75K 
 IF  

+320 

470K 

1h34470K 
14  

2 2.2 MEG +380 

1  

  15V 

VOLTAGE AMP 8.6  

liably up to 60 times per second. Used to 

illumiliote number on aluminum indexing 

wheel on spinning shaft of magnetic gage 

used to locate exact position of ferromagnetic 

681 

0.25 THYRATRON 

TRIGGER — 1 
0 100K §, 2021 2 

6AL5 o 
K 

240 
TO PULSE 
TRANS-

 FORMER 

+32 PULSE TRANS - 
MONITOR FORMER 

FLASFITUBE T-70150-I 
FT- 218 TO 

4 CONO 
CABLE 

L AHSOHLLDAEMRP 

barrier encapsulated in shaped-charge con-

tainer.— P. Seward, Magnetic Gage Locates 

Encased Metal Parts, Electronics, 31.33, p 

65-67. 
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50 

50% DUTY CYCLE—Provides 80 flashes per 

minute. Scr's conduct alternately in parallel 

inverter with capacitor commutation, and are 

triggered by free-running relaxation oscil-

lator Ql. Flashing rate is determined by 

RI-R2-C1.— D. V. Jones, Quick-On-The-Trig-

ger Design, Electronics, 38:12, p 105-110. 

+12.6V 

0.12W AT 1KC 
12 IV AT 100 KC 
T1 X 210 

SO- 1 

SNX110 
3W AT 100 KC 

04 
0.24W AT 1KC 
24W AT 100 KC 
TI X 21 0 

NONINDUCTIVE RESISTOR + 12.6V 
TRANSISTORS SWITCH 10-AMP PULSES FOR light-emitting diodes at repetition rates up 

LIGHT-EMITTING DIODE—Input A must pre- to 100 kc.—E. L. Bonin, Drivers for Optical 

cede and follow 8 by 1 microsec to give Diodes, Electronics, 37:22, p 77-82. 

1-microsec width for 10-amp pulses driving 

DRIVER FOR LIGHT DIODE—When blocking 

oscillator is triggered, its output controls 

flashes from light-emitting diode. Triple-

winding transformer gives maximum output 

for minimum power-supply drain.— C. H. Moul-

ton, Light Pulse System Shrinks High-Voltage 

Protection Device, Electronics, 38:11, p 71-75. 

0 001 

+ 27 REG 

R5 

1K 

0.0015, R6 

1K 

2.2K 

R2 

2V TRIGGER 

220 

R1 
1.2K 120 pF R3 

22K 

60 T 

10 T 

2N2219 

•-•-• 30 mA DC 
— 500 mA PULSE 

[.3T 

GaAs 
DIODE 

+1.2V 

LIGHT 
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SCR CONTROLS PHOTOFLASH-CI is charged 

to 100 y by a-c power supply. Input trigger 

pulse fires 2N1597 scr to make CI discharge 

through primary of Ti. Peak of 5 kv in 

secondary triggers photoflash. Maximum 

repetition rate is 20 flashes per second.-

E. L. Harris, Jr., Solid-State Components 

Shrink Photoflash Control, Electronics, 36:15, 

p 70. 

LENS 

r--
i 

FILM 
DRIVE 

FL ASH TUBE 
GE 218 T2 

115 V 

04 03 

2N627 
R, 
IS 

2N404 

50-100V 
INPUT PULSE-1  

.AA  

101< 

DI 
IN3255 

I N3-'5 6 3 

50 K: 

470V 
40mA 

Cs 
 14-
4,000 

2.4K lO 

UNDERWATER CAMERA FLASH-Film drive 

motor and camera shutter are interlocked 

with electronic flash so camera can be op-

erated blindly at depths up to 6 miles, with 

flash occurring only when shutter is open. 

Adjustable mechanical time-delay switch SI 

ASTABLE MULTIVIBRATOR MONOSTABLE MULTIVIBRATOR 

33K 10M 10M 

2N1597 

TIMING 

02 
2 N 62 7 

SA309 
PHOTO FLASH 

TUBE 

CI 

UTC 
PF3  1 

43 

5 KV 

02 

OIN750A 
5V 

150 

6E49 

CI 

2,000 

S, 

DE L AY 
6/1 T 

ALL DIODES 
IN 2071 

K X 1,000 

delays start of operating cycle until camera 

is at operating depth. Timing switch 52 then 

takes picture every 12 sec for two hours. 

-H. E. Edgerton and S. O. Raymond, In-

strumentation for Exploring the Oceans, 

Electronics, 33:15, p 62-63. 

e33K 33K 3.9M 33K 331(3 

100K 100K 

V6 ECC8I V2 

82K 
680K 

IK 220K 

PRESS 
SWITCH 0.005 

RANDOM-FLASH GENERATOR-Multivibrators 

generate single pulse to drive flash tube at 

ECC82 V2 

560K 

33K: 
1,000 pF 

1 0.01 

BISTABLE MULTIVIBRATOR GATE 

C2 

_0.5 
- I KV 
OIL 

68pF 685F 
33K 33K 

1,0005F 
220K 

'560K 

IBM 

I.5M 

7K 

IR 

220K SF33 

Vs 

120K 

R2 

5.1 IA 

+ 350V 

OUTPUT 
PULSE 

22K 

OV 

0 1— ' 1-150K 
  220V 

unspecified time of from 2 to 10 seconds 

after switch is closed.-P. Scott, Microflash 

and Pulse Stimulator Tests Human Optical 

Response, Electronics, 34:27, p 48-51. 
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+12.6V 

* NONINDUCTIVE RESISTOR 

K. X 1,000 

3.3 

FILM TIMING-MARK GENERATOR—Instrumen-

tation recorder for plasma studies uses dis-

charge of capacitor at beginning of each 

plasma pinch discharge to trigger flash tube, 
CURRENT-MODE SWITCH FOR LIGHT-EMIT- pulse-light communication.—E. L. Bonin, Driv- light from which is chopped by glass disk 

TING DIODE—Peak currents of 2 amp, with ers for Optical Diodes, Electronics, 37:22, driven at constant speed by synchronous 

50 nsec rise and fall, drive diode to give p 77-82. motor.—J. J. Pearson, Instrumentation for 

Plasma Propulsion, Electronics, 33:24, p 66-69. 

FLASH 
RATE 
ADJUST 

"L+ 50 'T• 0.47 

FROM 
RECEIVER 

T§ 

d 

0.03 

410 

—10V +10 V 

t4 I 5614 

o o 
ci 

0.05 I599 
4011 

FILTER AMPL 

330 

02 

4115 

7.54 

.1 
o, 

184 

-10v - 

NEON DRIVER 

FLASH TIMER—Provides properly synchro-

nized flash illumination for cameras in re-

sponse to subcarrier pulse commands from 

01 

2N2647 
GE50C 

14A 

PULSE 
DISC 

-10 V 

SCHMITT 
TRIGGER 

+115V 

X X 1, 000 

* REPRESENTS ELECTRICAL 
GROuND. NOT CHASSIS 
GROUND 

uhf receiver.— F. M. Gardner and L. R. Hawn, 

Camera Control System for Rocket Sled 

Tests, Electronics, 33:14, p 63-65. 

12( 

470 • 1 

2111930 

47 

0.47 

02 

2R2647 

100 

+ 28V 

220K 

DUTY 
CYCLE 
ADJUST 

0.47 

VARIABLE DUTY CYC E—Unijunction transis. Jones, Quick-On-The-Trigger Design, Electron-
tor Q2 controls on time of lamp load.—D. V. ics, 38:12, p 105-110. 



LOW-CURRENT FLASHER-01 is operated in 

inverted configuration for lower leakage 

current. Typical on time is 0.2 sec and off 

time 0.8 sec. Q1 is 2N1302 and 02 is 

2N1374. Can be used as construction bar-

ricade flasher, flashing single lamp at 1 cps 

VARIABLE 62x 
0-8,000 V 

FLASH CIRCUITS 

for up to 60 days on single battery. Use 

of solar-cell switch for Si, to turn off flasher 

automatically in daytime, will roughly double 

battery life in unattended locations.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 425. 

LASER FLASH TUBE SUPPLY—Variable pulse-

forming network sends rectangular pulses of 

current through flash tube when network 

is discharged by ignitron used as switch. Re-

sulting pump action on ruby crystal then 

REGULATED 

4-150V 

FROM 
ANODE OF 
E- J TRIGGER 

I MEG 

•-100V 

820K 

27K 

ECF80 

lCOK 

TRIGGER 
TRANSFORMER 

GI 7703 
1661TRON 

229 

24V 

2014 

1,0.0 • 100MA 

pd • ' CPS 
DUTY FACTOR 

50% 

1-CPS FLASHER—When one scs triggers on, 

0.2-mfd commutating capacitor turns off other 

scs and charges its gate capacitor to nega-

tive potential. At point in charging deter-

mined by 20-meg resistor, scs is retriggered. 

Battery power is delivered to load with 

88% efficiency.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, 

p 434. 

MANUAL 40,icH 
TRIGGER 

REMOTE 
TRIGGER 

OR 
SYNC 
OUT 

-FcK 

4M 

IM 

500 

produces laser beam for optical ranging up 

to 3 miles.—M. L. Stitch, E. J. Woodbury 

and J. H. Morse, Optical Ranging System 

Uses Laser Transmitter, Electronics, 34:16, 

p 51-53. 

 HO 
0.005 

4 T K 

STROBE RATEMETER—Flash rate is metered 

by measuring mean charging current through 

capacitor supplied with constant-amplitude 

OUTPUT SIGNAL 

pulse voltage.— L. H. Büïrett, New Circuit Im-

proves Stroboscope Versatility, Electronics, 

32.32, p 116-118. 
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TRIGGER 
PULSE 

rL 
1,000 
pF 

47K 

FLASH TUBE DRIVE— Generates low-impedance 

positive pulses having adjustable amplitude 

but constant duration, for driving flash tube 

to give same intensity-time characteristic 

+800v R 

TWO-LAMP STROBE BOOSTS FLASH RATE— 

Two discharge tubes provide shared cycle of 

operation, to boost stroboscope firing rate 

to 1,000 flashes per second. Lamp circuit, 

+ 350 V 

200K 

1M 

R3 

rt 

§100K 

100K 

0 V 

—200V 

as other flash tubes having different colors. 

—P. Scott, Microflash and Pulse Stimulator 

Tests Human Optical Response, Electronics, 

3427, p 48-51. 

with range-switched discharge capacitors, re-

ceives triggers in alternation.— L. H. Barrett, 

New Circuit Improves Stroboscope Versatility, 

Electronics, 32:32, p 116-118. 

FLASH DELAY—Supressor-gated sanatron pen-

tode provides adjustable delay for changing 

spacing of flashes.— P. Scott, Microflash and 

Pulse Stimulator Tests Human Optical Re-

sponse, Electronics, 34:27, p 48-51. 

.300 

500n 500n 
1,“f 

L2 

12 

4— Ise 

HALLOWEEN PUMPKIN BLINKER—Neon lamps 

blink alternately in eyes of pumpkin for 

0.5- sec duration, with 0.5 sec between 

blinks. Will also serve as roadside blinker. 

Although NE2's can be used, LNE17's can 

be brighter and more effective.—More Glow-

Lamp Circuits, EEE, 12:2, p 106-108. 



CHAPTER 33 

Flip-Flop Circuits 

FLIP-FLOP FOLLOWER FOR COUNTER—Used 

to count down cycles of timing mvbr. Output 

of flip-flop follower is used in and circuit 

with matrix gates to turn on tone-burst 

oscillators or multivibrators during positive 

half-cycles only.— R. W. Rochelle, Cyclops 

Cores Simplify Earth-Satellite Circuits, Elec-

tronics, 31:9, 56-63. 

+6 

R6 4. 7K 

SET 

COMPLEMENT 

R% 

4.7K 

RESET 

Q3 

4 

— —I 

+ 12 V 
NONSTALLING FLIP-FLOP FOR CAPACITIVE 

LOAD—Used for transferring data into stor-

age having heavy capacitive load, such as 

long connecting wires. Complementary con-

figuration, with load in emitter circuit of 

12 

R5 

ii 

330 1.8K 

330 1.8K 

R'5 R'1 

PAIRED INVERTERS—Cross-coupling of two 

basic inverters gives low-cost flip-flop using 

2N711 germanium pnp mesa switching tran-

o 

6. 8K 

O 
-6 

6. 8K 

sistors. Flip-flop can he set and then reset, 

or run as counter using combined input. 

Close regulation is required for - 4 y supply. 

— 12 V 

one transistor, makes stage trigger reliably 

in fraction of microsecond.— Non-Stalling 

Flip-Flop for Capacitive Load, "Electronic Cir-

cuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 213. 

o 

6.8K 

3.3K 

3.3K e R'4 

—P. A. McInnis, "Low-Cost Computer Cir-

cuits," Motorola Application Note AN- 130, 

Nov. 1965. 

231 
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IN914 

—12V 

04 

2N404 

2N404 

INPUT C:31 _L 

C2 
0 IMF 

DR435 

8.2 K8.2 K 

RESISTORS: 1/2 W,S% 

R8 

100K 

ID? D3Y 

DR435 
(2) 

10K 10K 

511( 3 

HF-
C3 
0.1µF 

C4 

0.01pF 

BINARY FLIP-FLOP TURNS ON—Triggering is 

accomplished by turning transistors on, 

whereas in most similar circuits the transis-

tors are turned off. Trigger pulse merely has 

to lower point a below ground for fraction 

of microsecond. Almost any diode and tran-

sistor can be used. Speed can be up to 10 

Mc with high-speed transistors. Output fall 

time is fast.— Binary Flip- Flop Turns On, 

"Electronic Circuit Design Handbook," Mac-

tier Pub. Corp., N.Y., 1965, p 214. 

BASIC FET FLIP-FLOP—Connected as scale-of-

two binary frequency divider, complete with 

steering diodes, speedup capacitors, and 

IN914 coupling capacitors. Used where speed is 

not primary conside,ation.—L. J. Sevin, Jr., 

"Field- Effect Transistors," McGraw-Hill, N.Y., 

1965, p 89. 

+12V 

e,R13 

>33K 

R12 
10K 

04 
2N404 

03 

2N404 

R44 

1K 

+12V 

e R16 
,C> 4.7K 

2N1090 

R17i14  

BIPOLAR OUTPUT—Output is clean square R18. When input is fed by pulse generator, Multivibrator Provides Bidirectional Output 

wave whose symmetry with respect to output can be used to test frequency re- Pulses, Electronics, 38:17, p 87. 

ground can be balanced by potentiometer sponse of transistor circuits.— F. C. Ruegg, 



FLIP-FLOP CIRCUITS 23,1 

STARTER FOR FLIP-FLOP- Free-running flip-

flop ( thin lines) has several desired features 

but will not start oscillation by itself. Output 

impedance is less than 1,800 ohms, period is 

1 millisec, and circuit is quite stable once in 

operation. Heavy lines show additions re-

quired for starting flip-flop when it is stalled. 

C3 ( 150 mfd) is in circuit for time period in 

which power supply voltage increases from 

0 to 9 y after switch is closed. Relay pulls 

in at 9 v, to remove C3 from circuit after 

it has served its starting function.-Starter 

Circuit for Flip-Flop, "Electronic Circuit De-

sign Handbook," Mactier Pub. Corp., N.Y., 

1965, p 229. 

-12 

1.5 K 

OUTPUT 

I5v 

1.5 

2N414 2N4I4 
C, I C2 0.15 

1.1K 1.IK 

C 3 
+ 2 V 

-12 V 

O's: F0100 
O's:2N708 or 2N2369 

8v 
LOGiCAL 

LOGICAL "Cr 

NOR-FUNCTION RESET-Modified flip-flop is rather than the usual or function.- L. Mer-

set or reset when all input signals are low, curio, Flip-flop Operated by Input Signal 

corresponding to nor-function of input signals NOR, EEE, 13:12, p 65. 

+6v 

1000 

390 
-12 v o--0VV‘  

'Bias Is 

i iN916 

560 470 it 13 470 

16 

-0.8v 

22 

IN 3859 

TD2 

1N3859 

04 CA 

2N2475 

+6v - I2v +6v -I2v 

CURRENT MODE LOGIC FOR 500-MC GATED gized to provide variety of desired logic 

FLIP-FLOP - Uses 2N2475 transistors and functions. Supply of 0.8 y is obtained by 

1N3859 tunnel diodes in current mode logic passing current through two forward silicon 

circuit having four inputs that can be ener- diodes. Narrow 1-nsec clock pulse is gen-

+6v 

390 

CLOCK 
IN 

!VILA. 

SSA550 

RGI74/U 

erated by snap diode as close as possible to 

tunnel diode.- R. Glasgal, 500 MHz Tran-

sistue-TD Gated Flip Flop, EEE, 14:1, p 98-

101. 
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V.6Vfl% 
1-

619 619 

5.11 K 

V68. 6V % 

1N914 

50 pF 

R1 
6.8K 

Di 

2N404 

OUT 

DIODES - 

HG 5004 

1K <„ I \ 

06 
1,1 

01 
2N769 

16K 

+1.5V 

2.7K 
 .AA  

100 PF 

TUNNEL DIODE-COUPLED MICROENERGY 

FLIP-FLOP—Fan-in and fan-out capabilities 

per unit dissipation are improved up to ten 

times over existing types of logic. Use of 

CLOCK 

INPUT 

2209F 

L56I3 

151? 4 -3 
6.8K: 

120 » R4 
›, 6.8K 

07 

R3 
390> 

WIDE TEMPERATURE RANGE—Gives 10-Mc op-

eration from —55°C to + 125°C, with 3-v 

clock trigger. Addition of emitter-follower 

will improve wave form and extend opera-

tion to + 150°C.—D. Hall, Using Epitaxial 

Transistors in Switching and R-F Circuits, 

Electronics, 34:13, p 52-53. 

02 
2N769 

100pF 

tunnel diodes allows low supply voltages, 

resulting in low circuit dissipation.— 
T. Maguire, Electro-Optical Developments 

Highlight NEREM, Electronics, 34:45, p 73-77. 

R6 

10K 

FAN-OUT TO 60—Fan-out of conventional 

flip-flop is quadrupled by driving bases of 

amplifiers QI and Q2 directly from emitters 

of Q3 and 04.—D. J. Grover, Modified Flip-

R2 
6.8K 

02 

+20V 

Q2 
2N404 

OUT 

20V 
Flop Quadruples Fan-Out, Electronics, 38:26, 

p 67-68. 
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All diodes 1N914 

Qi, Q2 2N1304 
Resistor and power supply 

tolerances ± 5% 

250-KC FLIP-FLOP—Basic design procedure is 

given. Circuit shown operates over temper-
ature range of —55 to + 55 °C with input fre-
quency of 250 kc.—Texas Instruments Inc., 

"Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 377. 

+6 

RESET 

OVERFLOW 
OUTPUT 

RING 
COUNTER 
OUTPUT 

"ZERO" 
OUTPUT 

R1 
10K 

01 
2N2907 

611000 

03 
2N930 

CI 
47pF 

R2 

22K 

D2 
611000 

C3 c4 
R4 100pF 100 pF 
1.2K 

C7 
47pF 

D7 

G11000 

INPUT 

C5 C6 
100pF 100pF 

D5 

611000 
D8 
611000 

ALL DIODES 
IN4I52 

6200 6200 

0—Vv\—• 
LOAD-316 VOLTS LOAD -3.16 VOLTS 

GI1000 

C2 
47pF 

-I( 
R3 

22K 

Ce 

47pF 

06 
611000 

220ig.f +16%, 220" f 

NONSATURATED FLIP-FLOP—Design procedure 

is given in 52 steps for manufacturability 

and long-term reliability, making full allow-
ance for component tolerances, voltage fluc-

tuation, and collector output loading.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 189. 

C)2 
2N2907 

05 
2N834 

R8 

22K 

154 
2N930 

SET 

"ONE" 
OUTPUT 

BIT 
READ 
OUT 

COMMON 
GATE 
OUTPUT 

GROUND 

MULTICHIP COMPLEMENTARY FLIP-FLOP— 

Circuit for microelectronic application allows 

use of most suitable substrate for each 

component.—J. Eimbinder, Multichip Circuits 

Get Off The Ground, Electronics, 37:25, 

p 105-107. 
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TEMPERATURE COMPENSATION—Sensistor sili-

con resistors in cross-coupling network compen-

sate for temperature changes. Circuit op-

erates at resolution rate above 5 Mc if input 

pulse is above 10 y when pulse width is 

4-12v 

R2 

10K 

-I2v 

LEVEL A 

LEVEL C 

LEVEL B 

E0 

INPUT 120 

) 

1 1 1 1 

decreased from 100 millimicrosec.—How to 

Compensate for Temperature Variation in a 

Transistorized Flip-flop (Texas Instruments 

ad), Electronics, 33:37, p 97. 

I.2K 

+ I.5V 

IN 3712 

OUTPUT 

IN 3712 

TUNNEL-DIODE FLIP-FLOP—Power consump-

tion is very low. Takes advantage of fast 
switching speed (27 picosec) of tunnel diode. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 367. 

CRi +12v 
1N3064 

Fq 2 

LEVEL DETECTOR—Used to provide switching 

function at two preset levels. R2 and Q1 de-

termine highest level, while R3 and 02 de-

termine lowest level. Range of level adjust-

03 
2N697 

C3 

150 
NON 

POLARIZED 05 
2NI225 

R6 

2.2K 

v0„, 

04 
294697 

+12v 

(0v) 
RIO 
10K 

Fig I -12v 

ment is — 10 to +8 v.—H. Anway, Level De-

tecting Flip Flop With Adjustable Hysteresis, 

EEE, 14:1, p 63-64. 

-14V +30V 
OUT 

411V 

2NI23 

430V -I4V 
OUT 

3.9 

33K 33K 
44.5V 

4-,%.^.^..-30V )1 44.5V 
I2K 

2NI25 

6.8K 

+30V 
+6 5V INPUTS 

44.5V 

01 03 

4.7e 

26167 26167 

470yy F 

470)1)1F,T 

i+316.8K 

INPUTS 46.5V 

30V-NeWe 
I2K 

2NI25 

FEEDBACK PROVIDES STABILIZATION—Resis-

tor Rf, connected between bases of Ql and 

02, provides negative feedback to make 

flip-flop less sensitive to voltage variations 

and transistor unbalance. Will operate on 

3-v pulses having 0.5-microsec fall time. 

Without feedback, higher voltage would be 

required for triggering.—P. Cheilik, Feed-

back Stabilizes Flip-Flop, Electronics, 31:19, 

p 92-96. 

FL P-FLOP SPEEDS MAGNETIC-DETENT STEP-

PING RELAY—Input signal goes to emitter 

of saturating flip-flop Q1-02, whose condi-

tion is sensed by driving transistors Q3-Q4. 

Stepping coils Ll and L2 are energized ac-

cording to condition of flip-flop.—F. W. 

Kear, Coils Operate Stepping Relay at Higher 

Speed, Electronics, 35:6, p 60-63. 
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FLIP-FLOP DRIVES GALLIUM ARSENIDE LAMP 

—Pulses from mvbr (not shown) trigger flip-

flop that feeds 1-amp current pulses to GaAs 

lamp through emitter-follower and power 

transistor. Used in high-speed punched tape 

reader.— R. F. Broom and C. Hi!sum, Diode 

Lamp Makes Tape Readers Faster, Electronics, 

36.20, p 44-45. 

0C45 

 +200V D-C 

From multivibrator 

200 
OHM 
LOAD 

R1 . 0 TO IM, 
VARIABLE 

Rb . 0 TO 25 OHMS, 
SELECTED 

0.1 

R2 

180 0.1 

200 
OHM 

LOAD 

_A_A_A.A_ 

TRIGGER 
INPUT 

GATE-TURNOFF SCR FLIP-FLOP— Capacitor-

commutated flip-flop transfers current from 

one load to other each time positive trig-

ger pulse is applied to common input line, 

at rates up to 10 kc.—D. R. Graf ham, Now the 

Gate Turnoff Switch Speeds Up D-C Switch-

ing, Electronics, 37:12, p 64-71. 

2 I COARSE FREO ADJ 

12V 

To shift register 
A and comparutor 

o 

2V 

SELF-INDICATING FLIP-FLOP— Uses Amperex 

6679 triode having fluorescent anode, to 

eliminate need for neons as indicators. In-

corporates collector protection and stabiliza-

tion against beta variation of transistor. 

—H. Rodrigues deMiranda and I. Rudich, 

Indicator Triode for Direct Data Readout, 

Electronics, 33:6, p 52-54. 

6.7 

SOLENOID PUMP PULSER—Scr flip-flop feeds 

5-amp pulses alternately to two solenoid 

pump coils at rates varying from 1.5 to 

25 cps.—U. L. Upson, Solid-State Pulser Drives 

Chemical Pump, Electronics, 33:49, p 74-76 
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OUTPUT - I 

470 

4.5V 

OUTPUT 52 

47K 

9% 39K 

+4 5V +4.5V 

v 
SE r RESET 

-UV 

RESISTOR-COUPLED FLIP-FLOP—Typical switch-

ing times are 40 millimicrosec for tr and 

110 millimicrosec for tf.—Philco MAT Transis-

tors for Logic Circuits up to 5 Mc (Philco 

ad), Electronics, 33:17, p 50. 

0.3V 

4 

DIRECT-COUPLED FLIP-FLOP—Typical switch-
ing times are 12 millimicrosec for tr and 15 

millimicrosec for tf.—Philco MAT Transistors 

for Logic Circuits up to 5 Mc (Philco ad), 

Electronics, 33:17, p 50. 

25V 

SK 

OUTPUT 

2N396A 

TRIGGER 

750 OHMS 

SATURATED FLIP-FLOP FOR 100°C—Increased 

temperature range is obtained at penalty of 

smaller voltage change at collector, more bat-

tery power consumed, and more trigger pow-

er required. Capacitor values depend on 

trigger characteristics and maximum trigger 

repetition rate.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 186. 

-r 
85V 

+ V +3V 

SET u. - 07 RESET 

DIODE-COUPLED FLIP-FLOP—Typical switch-

ing times are 20 millimicrosec for tr and 60 

millimicrosec for tf.—Philco MAT Transistors 

for Logic Circuits up to 5 Mc (Philco ad), 

Electronics, 33:17, p 50. 

SET RESET 

DIRECT-COUPLED NOR GATES—Consists of 

two epitaxial-transistor nor gates.—D. Hall, 

Using Epitaxial Transistors in Switching and 

R-F Circuits, Electronics, 34:13, p 52-53. 

PU T 

0.02 

0.005 

30 e°Ke 
F1J 

+28V 

rLJ 

SINGLE-SCS FLIP-FLOP—Uses only one silicon 

controlled switch to perform flip-flop func-

tion over wide temperature range. Differ. 

entiated positive pulses ore applied to cath-

ode gate and anode gate alternately to turn 

scs on and off. If gate leads are brought out 

separately, circuit can be used as set-reset 

flip-flop.—E. Koda, Single-SCS Flip-Flop, EU, 

13:2, p 63. 
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2.2K 

RI 

2N525 

• 25V Vcc 

22K 

VE 

2N525 

33K R3 33k 220 OHMS 
R4 

SATURATED FLIP-FLOP FOR 50°C—Addition 

of two 33,000-ohm resistors to basic satur-

ated flip-flop boosts temperature range for 

stable operation above 50°C.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 186. 

JA -26V 

JK FLIP-FLOP—Consists of transistorized 

Eccles-Jordan switch, with collectors clamped 

with diodes to stabilize operating points. 

Used to provide current for driving gating 

DCTL FLIP-FLOP—Direct-coupled transistor 

logic flip-flop utilizes saturation in circuit 

with extreme simplicity. With silicon tran-

sistors, operation up to 150°C is feasible. 

Saturation causes storage time delay that 

limits circuit speed. With germanium tran-

sistors, stray voltage signals of about 0.3 y 

can cause faulty performance.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 204. 

15V 
Ql 

HD2I84 

-6V 
+28 V 

•  

150 

4.22K o 

6.8 K 

HD 227I 

2.15.K 

HD227I 

2 

2NI67 

03 
2NI 67 

1.5 V 

HD2I84 

4 22K 

-6V 

K.3 1,000 

6.8 K 

11022.271I5K 

HD 227I 

22K 22K 

13.3 0.01 
[1390 K 39011 

IN HD2184 1102184 Can 
KA IV 

SATURATED FLIP-FLOP—Simple circuit shown 

is preferable at moderate operating temper-

atures. If emitter triggering is not used, 

220-ohm emitter resistor can be removed.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 186. 

circuits of voltage amplifiers for magnetic 

memory drum.—A. J. Strassman and R. E. 

Keeter, Clock Track Recorder For Memory 

Drum, Electronics, 32:41, p 74-76. 



CHAPTER 34 

Frequency Divider Circuits 

IN CATH SCHMITT 
MARL RILL TRIGGER SCALE— OF—TEN 

300v 

SCALE-OF-TEN DIVIDER— Consists of four cas-

DIVIDER 

feedback loops, to recycle at 10. Operates up 

caded Eccles-Jordan binary dividers with to 500 kc.—J. K. Goodwin, Digital Tacho- 32:15, p 58-61. 

ALL CAPACITORS 10,000 PF D. 

ALL CHOKES 3.3 UHY. 

DIVIDE-BY-5 RING COUNTER—Each stage 

acts as nonsaturating current-mode switch. 

Two identical counters are cascaded in uhf 

presc- aler of frequency synthesizer for mili-

tary uhf transceiver.— L. F. Blachowicz, Dial 

meter Aids in Turbine Design, Electronics, 

any Channel to 500 Mhz, - Electronics, 39:9, 

p 60-69. 

240 
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250K 

R1 40K 
ir TRIGGER  V INPUT_ 

• R  ICI 20pF 6J6 V2 

R4 100K 
E2- 70V 

:R2 
t 40K 

Eilt280V 

3-404 C 

V 6J6 

TO SUIT PULSE DURATION 

to 

£3 140V 

R5 100K 

R6 50K E4 

V 6AC7 

_C2 

t 

STABILIZED MONO—Operates as 10:1 divider justed automatically to maintain optimum 

at 1,000 pps. Division ratio of mvbr remains working conditions throughout operating 

constant for supply variations of from 40 to range.—T. Hornok, Stabilizing Monostable 

400 v. Average plate voltage of V5 is ad- Multivibrators, Electronics, 33:45, p 76. 

CAPACITOR-BANK TRIGGER—Uses two bi-

stable flip-flops in series as frequency di-

vider for controlling firing of huge capacitor 

bank. Three outputs deliver pulses with times 

related to input frequencies.—R. Buser and P. 

Wolfert, Experimental 100,000 Joule Capaci-

tor Bank for Plasma Research, Electronics, 

33:32, p 58-61. 

INPUT 

47K 

100K 

÷3 -÷ 5 

INPUT 
TRIGGER 

FIRE FIRE 
RELAY 

÷5 +85V 

18K 

10K 

47K 

IK 

7.5K 

• 

30K 

I.5K 

\r• 
7.5K 

- 
• I 10K 

3.3K I 

I  11111 

I 
47K 

24K 
I ir-1VN..-- - 150V 
1  

ITV DIVIDER CHAIN—Magnetic-core frequen- 60 pps. Bias windings are series-connected Divider for ITV Sync Generators, Electronics, 

cy divider counts 31.5-kc input signal down in pairs to simplify circuit. Gives high cc- 31:15, p 76-77. 

by 525 to produce 40-v 10-microsec output at curacy and stability.—A. Rose, Magnetic-Core 

160 

270 

-I2.5V 

2.4K 

10K 

OUTPUT 

2 4k 

K = X 1,000 
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SYNCHRONIZING 
POSITIVE INPUT 
PULSE 

2 f< 

CASCADED UJT RELAXATION-OSCILLATOR 

DIVIDER—Class C Hartley master oscillator 

serves for synchronizing three basic relaxa-

tion oscillators that would otherwise be free. 

running. Dividers remain locked over tem-

perature range of 0 to 70 C.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 342. 

r-

CONTROL 

INPUT 

SELECT 

500 

VCOI 195-300 Mhz 

 )1  
1000 

250t 
15v 

FORWARD 
BIAS 

VB 

SAW TOOTH 
OUTPUT 

SILICON-CONTROLLED SWITCHES DIVIDE FRE-

QUENCY BY 100— Each 3N60 stage divides 

input frequency by 10 while serving as 

relaxation oscillator, for frequencies from 250 

kc down to fraction of cycle. Circuit can also 

be used as sawtooth generator.— R. J. Wold, 

4-terminal Controlled Switch Divides Fre-

quencies by 10, Electronics, 37:18, p 81-82. 

1390 CPS 
MASTER OSCILLATOR 

695 CPS 
1st DIVIDER 

(2) 

3475 CPS 
2nd DIVIDER 

(÷2) 

173.75 CPS 
3rd DIVIDER 

N2) 

RI 

796 

I 2K 
C6 

R2 

100K 

I2K R3 , 

240K 

25 

20 I 
CI 2 21( 
.068 

120K CO 
001 

C8 
IV 

1.5 MA. C2 0.01 .0068 E 82 

Bi 
N2646 

C5 
.047 

2N2646 

C7 
047 

001 

2N2646 

C9 
.047 

a 

Z4 XLI28 
(G E I 

C3 

100K 

2N27I2 

LI- 4501462 SLUG TONED COIL 
0. 6 @ 1KC 
DC RES. 480n 

E 

100 I I 100 

NOTE ALL CAPACITORS 110% 
ALL RESISTORS 1/2 WATT 

VCO II 300 — 400 Mh z 

3 

7.= 

12 l2 2 12 

56K 

1K — 

1000 1000 
OUTPUT TO 

PRESCALER 

+20 V 

ty MAIN RF OUTPUT 

V 

A 

VCO FOR FREQUENCY SYNTHESIZER—Digital transceiver in military uhf band without tun- fused- junction varactors.—L. F. Blachowicz, 

synthesizer uses two vco's to cover 190 to ing. Output to prescaler is limited with hot- Dial any Channel to 500 Mhz, Electronics, 

400 Mc, giving choice of 3,500 channels for carrier diodes Control voltage acts on dif- 39:9, p. 60-69. 
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DIGITAL MAGNETIC-CORE DIVIDER-Fre-

quency-divider chain uses pairs of rectangu-

lar hysteresis-loop magnetic cores as counting 

elements. Has high accuracy and stability. 

First core (ladle) is driven to saturation by 

each input pulse. Constant-voltage integral 

output from ladle core drives second bucket 

core. With appropriate turns ratios of wind-

ings, bucket core can be made to walk up 

its hysteresis loop in any number of prede-

termined steps. Successful single-stage di-

viders have been made up to scales of 17, 

with reliable operation from 10 to 50 kc.-

A. Rose, Magnetic-Core Divider for ITV Sync 

Generators, Electronics, 31:15, p 76-77. 

4 10K 

12 
10K 

Ql 

2N337 

+TRIGGER 

470 

2508 

100K 

-I30v 

Cl 
315 

OSCILLATOR 

OUTPUT R-F 

INPUT SERIAL BINARY PULSE TRAIN 

PCM FREQUENCY REFERENCE-Coherently and flip-flop together derive constant-fre- f-m/f-m telemetry system.-R. C. Onstad, New 

switched oscillator, 90° phase shifter, Schmitt quency square-wave output clock signal from Coherent Keyer Simplifies Pulse-Code Tele-

trigger, and frequency-dividing multivibrator frequency-shifted subcarrier oscillator of metry, Electronics, 35:26, p 71-73. 

Ce 
— I 000 

Cy R9 
670 2.2K 

CASCADED DISTANCE-MARK DIVIDER-With 

1-mile markers used as input trigger, outputs 

A, B, and C give 2 to 5, 10 to 25, and 20 to 

50-mile distance marks, respectively. Grid po-

tentiometers control exact mile mark ob-

tained at each output.-NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N7-5. 

MULTIVIBRATOR 
•  

R12 

'100K 

R13 4 

3.3Ki 

I • 
Re 

Rlo 
33K 

SCHMITT TRIGGER 

C7 

200 
Dy 

IN456 

OUTPUT CLOCK SIGNAL 

FLIP-FLOP 
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PULSE-FREQUENCY DIVIDER—Plate-to-cathode 

coupled blocking oscillator is used to divide 

from high to low pulse frequency, as re-

quired in radar distance-mark generator. Cir-

cu.r is highly stable with respect to heater 

IN 

CRi 

331< 
eq 3.50 O'S.2N388 

voltage variations.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N7-1. 

12 v 

C2 

CR's. IN 3600 

INDEPENDENT PULSE-WIDTH CONTROL—With 

components shown, circuit will divide 50-

millisec pulses by 5 without changing pulse 

width. Other components give different 

widths along with division.—J. McGruder, 

Frequency Divider With Independent Pulse-

Width Control, EEE, 14:2, p 69. 

Oui 

I.5K 

80-MC 
OSC 
INPUT 

O' 
2706 

100 

05 E1 06: 2N955(RCA) 
OR 2N709IFAIRCHILD) 

22pF 
4.3K 

CONTROL GATE INPUT 

K.X 1,000 
2.56 

RG-58 C/U 

DELAY 
CABLE 

OUTPUT 

DI 

TI-X4650 

03 
2NI195 

750 

51 

750 

-5 

2N1195 

20 

-20 

+15 

J. 
I•  OUT 

60CPS 

PHANTASTRON FREQUENCY DIVIDER—Will 

divide 360 cps to give 60 cps. Is triggered 

by pulse train with both positive and nega-

tive pulses.— K. M. Chen, Trigger Stabilizes 

Frequency Divider, Electronics, 31:47, p 

104-107. 

PULSE-FREQUENCY DIVIDER— Plate-to-grid cou-

pled blocking oscillator, with voltage step-

up to grid, is used to divide from high to 

low pulse frequency.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N7- I. 

DIVIDER ELIMINATES COUNT-STARTING JIT-

TER—Output of 80-Mc free-running crystal 

oscillator is divided by 8 to give 10-Mc time 

base that is almost perfect square wave.— 

W.O. LeCroy, Jr., Eliminating One-Count Un-

certainty in Cycle-Counting Interval Timers, 

Electronics, 35:29, p 46-47. 
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470 

1000 

500K 

I2AU7 

*soov 

0.5 

INPUT 

OIVIDEO 

50 

33K 1110K 220 

-152* 

PULSE-FREQUENCY DIVIDER— Plate-to-grid cou-

pled blocking oscillator, with voltage step-

down to grid, is used to divide from high to 

low pulse frequency. Stepdown yields maxi-

mum peak pulse voltage at plate and per-

mits maximum pulse duration from given 

transformer.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N7-1. 

POSITIVE 
TRIGGER 

6.8K 

+265V 

e 
0.01 

390 

INPUT 

DIVIDED BY 6 TO 60 

PULSE-FREQUENCY DIVIDER—Plate-to-cathode-

to- grid coupled blocking oscillator is used 

to obtain high division ratios for pulses when 

stability of count is not too important. Lack 

of fixed bias means that this circuit will 

free-run in absence of input, but bias can be 

added if needed.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N7-1. 



CHAPTER 35 

Frequency Measuring Circuits 

0.005 — 
100 pF 

1 k 

220 3.9K 

0.005 I 0.005 
N,. 

56pF I 0.005 

2NI742 2N1742 

R- F INPUT-
' OUTPUT 

56pF 

0.001 —  0.001 — 

TEN-FREQUENCY STANDARD—Stable crystal 

switching oscillator, isolation amplifier, multi-

plier, mixer, and audio amplifier give choice 

of ten fundamental frequencies, between 10 

and 20 Mc, with harmonic output from 20 

to 480 Mc, for zero-beating with unknown 

input frequency being measured.—Portable 

Frequency Standard Between 10 and 480 

Mc, Electronics, 35:18, p 64. 

0.2 0.2 

2N1307 
0 

Ou 

lk 

8 k 

10k 

10k 

2N1307 

TRIGGER 

N PUT 

o 
SUBAUDIO FREQUENCY METER—Provides 

meter indication of frequencies from 0.2 to 

10 cps. Responds rapidly to changes in in-

put frequency. Input signal is conyerted to 

square wave by limiting and differentiating 

2 pf 

10k 

47k 

1N56A 

ic)k   

50 2 N369 

47k 

03 1N75 
2N 3 6 9  

1.5 Meg 

50 

,g 1N75 0.5 
Meg 

200 
µ A 

4.7k 2N 369 

50 

lek 

0 4 

1N75 

50 

—1.5 v 

network and bistable flip-flop, with period 

of square wave indicated on meter calibrated 

in pulses per minute. By alternately charging 

each one of pair of capacitors, steady volt-

age is maintained on capacitor connected to 

3." 

meter while other is charging.—Fast Acting 

Subaudio Frequency Meter, "Electronic Cir-

cuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 150. 

246 
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2.2 , 
µH 

R- F 
INPUT 

T
O
 A
C
C
E
S
S
O
R
Y
 
A
S
S
E
M
B
L
Y
 

OPEN LINES 

IN830 

227F 

200 

200 

5K 

IN830 

22pF I  

L-1 

iK 

101  

IK 

VIDEO 
OUTPUT 

A L_I 

R14 JI 4.7K LI 2 
1 
2 0  + + •C7 •C8-
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

O  

O  

o  

VIDEO 
OUTPUT 

o 
o  
0— 

o 

o  
o  

815 
444•46  90 W. V/. 

R16 R17 131  
••••••• 980W.W. 2,990 W.W. 10 

SHORTED 
TRANSMISSION 
LINES 

5 470K 

VI 75V 
5751 

OV 
3 

R2 1.27V 
2.5 

e R1 MEG   (100K 
•R3, 110 I MEG 5 
  125V 

145V8 
¿86 
470K 

R7 I ME 
46V 
6 

R4 10K 

—C72 20 
  CI iLFF _0.05 
400V 0.05 

0.65 
NV 
OV 

rot, 

12.82 MEG 

Lc, 

I-F BESS DIGITAL FREQUENCY METER— Binary 

Electromagnetic Signal Signature (bess) con-

cept permits measuring frequency of single 

r-f pulse in range of 55 to 65 Mc. Eight pairs 

of transmission lines divide this band into 

eight equal segments of 1.25 Mc. Some con-

cept can be applied to other ranges up to 

4,000 Mc.— R. F. Morrison, Jr., and M. N. 

Sarachan, Binary Frequency Sensing Measures 

a Single Pulse, Electronics, 36:14, p 42-46. 

VIDEO 
OUTPUT 
H 

175V 

V2 
5814 

OV 8 0 V 
6.7V 

89 1MEG RII C5 680 —0.15 

RIZ 10K 2W 

A 
200V 

KI 
TYPE 388 

4 

400V 

Ti 

819 270K 

115 V 60-1J1 11W FI 1/4 AMP 

230 
CRI  

C9 —2,200 
R20 1 F " 2.2K   285V 

IA 
 e- HI 821 
6.3VAC  

HZ 

2 VOLTS WITH SLIDE WIRE IN CIRCUIT; 3.75 VOLTS WITHOUT SLIDE WIRE IN  CIRCUIT 145V 
R22 8 R23 39K à 47K R24 IW IW 7.75V 39K 

I CR2  
230 N  VAC 

FLOWMETER FREQUENCY CONVERTER Pro 

vides output signal that is directly propor-

tional to frequency of input from turbine 

+1%6A 1.350v 1-i re CII 
z CR3 — 250 

-I 6V 

H 1 

H2 

flow-sensing element, for driving a sociated 

electronic potentiometer. VI and V2 form 

three-stage limiting amplifier. Capacitor 

tachometer circuit uses chopper K1 to dis-

charge C5 repetitively through adjustable-

VI V2 

1 EARTH GROUND 

CHASSIS GROUND 
range resistor. Adjustable precision resistor 

in series with slide-wire of potentiometer 

provides accurate manual compensation for 

changes in specific gravity of measured med-

ium. Circuit is Potter model 11-B frequency 

converter.— G. C. Carrol, "Industrial Instru-

ment Servicing Handbook," McGraw-Hill, N.Y., 

1960, p 3-3. 
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INPUT 2 MEG 

0.01 

2 MEG 

100 K 

001 

MEASURING 1-CPS F-M DEVIATION- Foster-

Seely discriminator uses RC elements in feed-

back loops of amplifiers to simulate conven-

tional LC tuned circuits. Upper cascode amp-

lifier, cathode follower, and feedback loop 

0 1 I (  

VBB 

vEE +0.4V 

VCC -3.6V 

+1.6V 

5 04 0 2 61 MC 359 

Vr 

1 5V 

300 V 

12 AU7 

0.015 1N645 

( .4 I  CO 
lf) 

UD I° 

300V  
u) 

12 AU 7 

0.015 IN 645 

( T IMEG -t 0.0068 

1.5 V -_-

resonate slightly above center frequency, 

while lower half of circuit resonates below 

center frequency. Circuit works well up to 

500 kc.-H. D. Crawford, F-M Discriminator 

Without Tuned Circuits,Electronics,36:48,p 36. 

1.3K 

OUTPUT 

1.3K 

BAY 31 
OR 
IN 4147 

1K 

PULSE-RATE METER-Current pulse width is 

controlled by feedback voltage proportional 

to charge on output capacitor, to insure 

P346 
OR I o o 
2N2368 

C5 

150 pF 

o 

C4 C3 

0.002 0.02 

T T 

C2 CI 
02 2 

4 T • 
that each input pulse feeds exactly the same 

charge to the output circuit.- R. J. Smith-

Saville and S. Ness, Charge Feedback In-

AMPL GAIN > I 
PHASE:190DEG 

100K 
GAIN 500 
SET 

100K ZERO—  -300V 

270K 

6136 

3243 THERM STOR AMPL REG 
FREP RANGE CHANGE 

0.015 

1,500ggF 

Kr X poo 
+150V 

300V 

330 

On1H- • 
30 150,u4t. 

1 -1-10CP-1(  
2-10-100CPS 
3-100-1,000GPS _ 

90 DEG 1/2 6201   
PHASE 1MEG 
SHIFT 47K 
-300V 
GANGED POTS 
MOTOR DRIVEN TO 
SWEEP FRED 

100K + 300V 

100K 

470K 

-- 6201 

ZERre.250 
AMPL GAIN '1 

0.015 

, 500/4.LF 

02- I(  
30\liggE 

90 DEG IMEG 
PHASE 
SHIFT 
10K 

1/2 6201 

220 -200yj  

+300v OUT TO MULT 
100 

47K 

PHASE 180 DEG - 300v 

A 

 1.2„0„),≤ 

TWO-PHASE OSCILLATOR-Unknown signal to 

be analyzed is multiplied independently by 

each of two output reference signals, A and 

B. Oscillator uses two 90° phase- shift net-

works and 180 of phase shift in amplifier. 

Gain of 0.98 in cathode follower makes cir-

cuit accurate over 10:1 frequency range.-

T. B. Fryer, Frequency Analyzer Uses Two 

Reference Signals, Electronics, 32:18, p 56-

57. 

1K 

VI BAY 31 

P346 

OR 
2N2368 

R2 

8.8 K 
111/0 

C7 

+ 12V 

0-50 
Re1K 

creases Pulse-Rate Meter Accuracy, Elec-

tronics, 39:3, p 85-86. 
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UNKNOWN "BIASING" 
50-OHM CABLE 50- OHM CABLE 

OPEN END 7--

UNKNOWN 
CABLE 
Z OHMS 

"BIASING" 
CABLE 
Z OHMS T 500 pF 

3T 

SEE 
TEXT 

CABLE PROPAGATION DELAY TIME-Pulse 

generated by tunnel diode travels to end of 

50-ohm cable, is reflected back, and retriggers 

tunnel diode to repeat process. Resulting 

repetition rate of pulses, measured with cir-

SIGNAL 
LEVEL 

NE- 5I 
 1VVV)  
200K IN 
SOCKET 

AUDIO IN 
— FROM RECEIVER 

VACUUM 
SYSTEM 

EVAP 
SOURCE 

220 

PF 

47K:. 

220-_ 
pF 

0.001 

-15V 

10 

R2 

150 

DI 

TD5 

e R4 
e 1.5K 

02 

TD 

cuit feeding frequency meter, gives delay 

time with high accuracy. Transformer (lower 

left) permits measuring cables of other im-

2N416 

FREQUENCY MONITOR CONTROLS DEPOSI-

TION OF THIN-FILMS-Film is deposited on 

quartz crystal mounted alongside substrate 

in vacuum, causing crystal frequency to 

OPERATE 
NE-5I 

K=1( 1,000 

II5V TO LAPPING 
60CPS MACHINE 

0.003 

2N416 2N4I6 

change. Amplified output of Colpitts crystal 

oscillator is fed through coax to mixer that 

also receives reference frequency, and beat-

frequency differ  (related to film thick-

04 
1N753 

C4 
1 .100 

50 OHM OUTPUT 
TO FREQUENCY 

31 COUNTER 

R12 R11 

33 3.3K 

R9 

10 

+15V 

pedances.-P. J. Kindlmann, Tunnel-Diode 

Pulser Measures Cable Delay, Electronics, 

39:4, p 87-88. 

CRYSTAL LAPPING CONTROL-Noise signal 

generated by crystals being lapped is amp-

lified by receiver. Noise peak, which occurs 

when crystal thickness produces frequency to 

which receiver is tuned, triggers circuit that 

automatically shuts down lapping machine. 

Useful for crystals up to 14 Mc.-J. F. 

Brumach, R. E. Bennett, and R. P. Chalker, 

Trigger Circuit Controls Quartz Crystal Lap-

ping, Electronics, 31:29, p 66-67. 

DIFFERENCE FREQ 

FREO 
COUNTER 

AUDIO 
MON 

RECORDER- L METER L SPKR 

ness) is indicated on counter.-S. J. Lins and 

P. E. Oberg, Automatic Deposition Control, 

Electronics, 36:13, p 33-35. 
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25K 

6AU6 v2 68A6 

0.002 0.01 

F IN 
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CHAPTER 36 

Frequency Modulation Circuits 

WEAK-SIGNAL CAPTURE— High-O trap in re-

actance-tube circuit attenuates stronger of 

two signals, to permit capture of weaker of 

two cochannel f-m signals, as often required 

in police, military, and telemetering systems. 

Trap introduces depression in frequency re-

sponse of third i-f stage, centered on fre-

quency of stronger signal.— E. J. Baghdady 

and G. J. Rubissow, Dynamic Trap Captures 

Weak F-M Signals, Electronics, 32,2, p 64-

66. 

+9V 

FINE- PHASE 
CONTROL 

200 

c 5001.01 

1 0.002 1 0.002 0.002 

0.0021 1 0.002 J 0.002i 

MIXER 
}IF/  

'TRANSFORMER 

/ -- 1 

® 

+9V 

0.002 

D 

7-45 
p. p.F 510 

0.002 

13 

V 6 

u. 0.002 

F._REACTANCE___.1 
SIMULATOR 

6AK5 

T- F. 0.01 

82 
r— 

rs 170V OC — H _. %. , 
J 150MA " Y. 

600itH 4 50011H 'e 500iel 
cs, J 

V5 
7 6AU6 

MODULATION OF 
STRONGER SG 

1/2 
I2AT7 

170 
681.q.iF 

0.02 

oce 
LOW .7.i 

002 I 

1.-1 I i ITO 1 
/ 

/ — / 

/ / / 

/ / / i  0 05»F 

L   L _I -_-
TWO-CHIP TUNER— Use of additional RCA proves gain and selectivity, while boosting Integrated Circuits Make A Low-Cost F-M 

integrated-circuit chip as r-f amplifier im- sensitivity to 3 microvolts.— R. L. Sanquini, 

+9V 

+9V 

Receiver, Electronics, 39.16, p 133-138. 
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4.5 MHz 

INPUT 

TUNED 

CIRCUIT 

MILLER— EFFECT 
MOD 

8 

R— F 2.7K 

OUT MOD IN 

1-MC F-M OSCILLATOR—Combines Q multi-

plier with Miller effect to produce simple and 

stable f-m oscillator and modulator.—P. W. 

Wood, Transistorized F-M Oscillator, Elec-

tronics, 32:5, p 64. 

.02 µF 

200 

pF 

r 

10 KSI 

%•••• 

200 µF 

115 V 

3300 1-2: 

—3 

—12 V 

R6 

4.5K 

2 

MPS6513 

e100. 
.02 

µF 

; 

.02F 

470 52 

6800 

560 n 

.02 µF 

100 

R 2 +150 
5 K RL. LOAD 

100-MC VARICAP OSCILLATOR—Modulator 
consists of two variable-capacitance diodes 

in series to r-f and in parallel to audio 

modulating signals and d-c bias. Frequency 

deviation is 28 Mc peak-to-peak with mod-

ulating signals less than 28 y and negligible 
modulating power.—C. Arsem, Wideband 

F-M with Capacitance Diodes, Electronics, 

32:49, p 112-113. 

L 
750 pF 

240 pF 

10KS2 

750 pF 

AUDIO 
or. 
OUT 

LOW-COST DISCRIMINATOR—Uses two de-

tectors fed 90° out of phase. Signals are 

demodulated conventionally for each phase, 

and the sum of the two signals is taken 

across the whole output. Provides excellent 
operation as discriminator in 4.5-Mc tv 
sound detector.—J. B. Compton, "A Low-Cost 

All Solid-State FM Discriminator for Con-

sumer Applications," Motorola Application 
Note AN-212, Jan. 1966. 
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+12V 

FEEDTHROUGH 22-50 OHMS 
I TERMINAL ABOVE 30 MC 

(FERRITE BEADS) 

1000 pfl-. 

BASEBAND 

INPUT 1- GC 

TRANSISTOR 
p.50 

LEAD 
INDUCTANCE, 

APPROX 3e (NcH WIRE 

22 OHMS 

FEEDTHROUGH 
TERMINAL 

DIODE TAB 

22-50 OHMS 
ABOVE 30MC 
(FERRITE BEADS) 

75 OHMS 
1N3858 

(FERRITE BEADS) 

1N3858 

300 
OHMS 

200-MC VOLTAGE-CONTROLLED OSCILLATOR to produce wide frequency swing with re- Tunnel-Diode Oscillator Expands F-M System's 

—Uses two tunnel-diodes in astable mvbr to spect to center frequency, linearly, when Channel Capacity, Electronics, 39:1, p 105-
give symmetrical square-wave output. Used small control voltage is applied.—F. H. Lefrok, 109. 

+25V 

SELF-REACTANCE MODULATION—Modulation 
current injected at emitter changes collector-

base voltage, thus varying output capaci-

tance, tank resonant frequency, and oscillator 
frequency for 230-Mc pam/f-m telemetery 

beacon.—T. M. Conrad, Self-Reactance Modu-

lation in Telemetry Oscillators, Electronics, 
35:9, p 35-37. 

Le 

1,00011.H 

2.2,6F 

rH 
SIGNAL 
INPUT 

I R2 

10K 

C2 

1K 
I- 1 13 

47µH 101,4M 

2.5kLF I 

R3 

180 K 

16V 

CR2 

0 BREAKDOWN 
DIODE 

CR 1 

HA 4324 

C3 

1,500 PF M 

R5 

5.6K 

VARACTOR 

OSCILLATOR 

1.3pF C2 

MOO 
IN 2.7µ11 

RFC — le 

250 

2.7 Ki 

Rg 

16 
47µH 

L5 

0.1/4 H 

(—Cs—sr — F-M 

24 MC 
OUTPUT 

Clo 

82PF 

C7 

10 PF C9 
I  5PF 

Ce 
1". 58 PF 

BUFFER 

AFC 
DISCRIMINATOR 

MODULATOR 

2 - STAGE 
BUFFER 

VARACTOR MODULATES 24-MC F-M OSCIL- of telemetering oscillator. Linearity is 2% for 

LATOR—Modulating signal is applied to var- deviation of 60 kc.—N. Downs and B. van 

actor diode in frequency-determining circuit Sutphin, Solid-State Transmitter Ready for 

LOW-PASS 
FILTER 

D-C 
AMPLIFIER 

UHF Telemetry, Electronics, 37:17, p 76-80. 
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---°s'eAr— Hcs1 

( • ) i— e---
o 
o in 
o o N if 
N • 

o 
,r. 4 

Q 
Q 

CD 

Cl) 
C1+ trdi 

o 

. . N? , _ o . • c, ..---.------w- .--4,--i ii 

• V V 

STEREO MULTIPLEX TUNER—Consists of de-

modulator DI -D2, 19-38 kc doubler Q3, 

19-kc amplifier Q2, composite amplifier QI, 

and stereo station indicator Q4 with lamp. 

Diodes are 1N60. Uses time-share method 

that eliminates need for 15-kc low-pass filter 

and 23-53 kc bandpass filter.—R. Brubaker, 

"A Low Cost All Solid-State FM Stereo Multi-

plex System," Motorola Application Note 

AN-207, Mar. 1966. 
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LOW-COST 

+9V +9V 

IC TUNER-Front end uses single CI-C2 are 5-22 pf. Power gain is 15 db 
RCA three-transistor two-diode chip with con- and sensitivity is 10 microvolts for 30 db of 

ventional tuning circuit. Ganged capacitors quieting. Performance is just adequate for 

L14 TURNS,L2 AND L39 TURNS 
NO.18 WIRE ALL ON SAME - 1 
SLUG-TUNED FORM 
CLOSE WOUND iggitp.F 
END TO END 

IOU 

MIC 

IN 

4 - S TAGE 
TRANSISTOR 3 

AM PL 

*FERROELECTRIC 
CAPACITORS 

ELECTRIC TUNING FOR 50-MC F-M RANGE-

Used two voltage-tunable ferroelectric capaci-

tors. Can be built in pocket-size plastic case 

when powered with hearing-aid batteries. 

-T. W. Butler, Jr., Ferroelectrics Tune Elec-

tronic Circuits, Electronics, 32.3, p 52-55. 

_L 
6.2 

10MW 

50Q 

0.001 

.001 

VOLTAGE-CONTROLLED 100-MC OSCILLATOR 

-Video voltage of wide-band f-m receiver 

is applied to base of silicon tetrode to give 

voltage- sensitive 100-Mc f-m oscillator in 

which deviations can be up to 1 Mc without 

excessive distortion.- S. Kallus, B. Rabinovici, 

and A. Newton, Fitting a Wide-Band Signal 

Into a Narrow-Band Receiver, Electronics, 

36:10, p 47-49. 

- 4 TURNS NO. 18 WIRE 
1/2" DIAM. TAPPED 

AT I 1/4 TURNS 

L2- 2 TURNS NO. 18 WIRE 

1/2" DIAM. 

C - TO RESONATE L2 

AT 100 MC. 

Q2 
RFC MM1306 

Li 0.001 

470Q 

.001 

2-WATT POWER AMPLIFIER AT 160 MC-

Uses 2N2950 npn silicon planar epitaxial 

transistor designed for medium-power high-

frequency applications. Overall gain is 23 

100 
 •VV‘.. 

L2 

r-

T4 

MIXE R TRANSFORMER 

t 

TO 10.7-Mhz 

low-cost commercial f-m tuner.- R. L. San-

quini, Integrated Circuits Make A Low-Cost 

F-M Receiver, Electronics, 39.16, p 133-138. 

I K 

LOW FREQUEN:1 
INPUT 

Q3 

2N2950 

7.A  pf pf 2-8    

y 0> 25 Vdc 

.001 .001 

db. Intended ▪ for f-m or c-- w applications 

only. For a- m, supply voltage on final stage 

must be reduced to 12 y to remain within 

voltage rating, and driver should also be 

L3 

2W 

2-8 —e4-30 

pf '2 pf 

I K 

50D 

R FC 

+25 Vdc 

4-30 

pf 

Li = 2T #20 1/2" OD 

L2 = 1T #20 3/4" OD 

L3 = 3T # 14 3/8" ID 

L4 = 2T # 14 3/8" ID 

2N2950.- D. L. Adley, " Designing 160 Mc 

FM or CR Circuitry Using a Silicon High 
Frequency Transistor," Motorola Application 

Note AN- 168, Aug. 1965. 
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7 TURNS 
NO.12 WIRE 
ON ! 1N. 

CORE 

22gµF 
M1C 

TRANSFOR R 

BIAS 270K 
10-100V 62 

FERROELECTRIC 
=. CAPACITORS -.---

ELECTRIC TUNING FOR F-M OSCILLATOR— 

Voltage-tunable ferroelectric capacitors are 

used for tuning as well as for modulating.— 

T. W. Butler, Jr., Ferroelectrics Tune Elec-

tronic Circuits, Electronics, 32:3, p 52-55. 

5gg F 

OUT 

22µgF 
2.20 

+150V 

4(7-A 

120 

24-30V 

65106 

10 = 

Rs • 500 

INPUT 66 nh 

LI 

5OgµF 

•H1  

01 
2N462 

10K 

L 50ü4LF 

13) 
RFC 

VI   
5718 

1.5-20 

(2) 
270ggF 

 if  

RL 
50 

0.05 
MOD 
IN 

6.3V A-C 

+150 

lOK zei.BK 
DIODE BIAS Fi+30 

400-MC VARICAP OSCILLATOR—Wideband series for r-f and in parallel with respect to 

frequency modulation of 400-Mc distributed- modulating signals and d-c bias.—C. Arsem, 
parameter Colpitts oscillator is obtained with Wideband F-M with Capacitance Diodes, 

symmetrical transistor in modulator. Q1 is Electronics, 32:49, p 112-113. 

equivalent to two reverse-biased diodes in 

511111943 20 293961 

 39 

RFC 
,r1000 

160-MC 15-W POWER AMPLIFIER—Perform-

ance of each of three stages is optimized by 

using input-output admittance data in net-

work design, to give 30.5 db power gain 

from class-C operation. Circuit can be ex-

panded to give complete f-m or c-w trans-

PHASE 
CORRECTOR 

01 TO 06 ALL TYPE 903 

K . X1,000 

AMPLIFIER 

10K 10K 10K 
10 10 10 

4 1 

500 I 10K IK 
100K 

STRAIN-GAGE OSCILLATOR—Produces f-m 

signal output that is directly proportional to 

applied force, such as stress or pressure, on 

PHASE 
SHIFTER 

IK 

5 
R, • 500 

2113632 
/5 nh 85 nh S- SO OUTPUT 

.5-15 

2-so o RFC 1J RFC '11::‘ 
q. .2K ) 3-at RFC 

28V 
SUC 

.1.1000 ion.1,1000 

mitter by adding appropriate oscillator-
buffer-multiplier stages.—R. Hejhall, "A 160 

MHz 15-Watt Solid-State Power Amplifier," 

Motorola Application Note AN-214, Nov. 

1965. 

resistive-type gage. Operating and band-

edge frequencies of oscillator are determined 

by values of R, L, and C.—W. H. Foster, 

r 350 

EXCITATION 
TO BRIDGE 

BRIDGE 
BAL 

OUTPUT 
IK 

OUTPUT 
I K LEVEL 

CENTER 
FRED 
DEMAND 
INPUT 

CALIBRATE 
OPERATE 
DEMAND 
INPUT 

 CII3 OUTPUT 
FROM 
BRIDGE 

Strain Gage Oscillator for Fligh Testing, 

Electronics, 31:5, p 40-42. 



CHAPTER 37 

Frequency Multiplier Circuits 

PULSE SHAPER 

FROM DECADE 
COUNTERS 

INPUT 
FROM 
FREO 
MULTI-
PLIER 

+180 V 

BLOCKING OSC 

IK 

0.01 

V225 

150-450 MC TRIPLER—Charge-storage 1N4387 

varactor gives 20 w at 450 Mc for 40 w of 

150-Mc input.—G. Schaffner, Charge Storage 

Varactors Boost Harmonic Power, Electronics, 
37:20, p 42-47. 

0.7-12pf 0.8-18P 

2NI195 

12 pf 

0.8 I8pf 
0.7-12 pf 

2N1 195 

5000 

DOUBLERS AND TRIPLER—In left section, first 

two stages are class B common-base power 

doublers and last two are class AB common-
emitter amplifiers. Output is 150 mw at 216 

50 OHMS 
150 MC 

TO PHASE 
COMPARATOR 

 IA 113 

- 150 
150K 

27K 

K . X 1.000 

BUTTERFLY 
0-12 pF 

3-1/2 TURNS 
1/2" I.D. 
1/8" SPACING 
0.059 DIA. 
WIRE 

220K 

0.75 pF 

O.7- 12p1 O.8 e-I8Pf 0.7-12pf 
2141195  f Al.  

-r. 

11/2 am 
TURNS H 
NO• 22 ei 

µH 

500pf 
—L 

Mc, from 54-Mc input. In section at right, 

common-base class B power tripler drives 
common-emitter output amplifier to give 140 

mw output at 162 Mc from 54-Mc input.— 

332 

0.33 

PULSE SHAPER FOR FREQUENCY MULTIPLIER 

—Combines clipping with cathode peaking to 

increase rise time to 1 microsec for 150-v 

pulses that drive blocking oscillator.—W. O. 

Brooks, Stepping up Frequency with Counter 

Circuits, Electronics, 32:29, p 60-62. 

COAXIAL CAVITY 

-1 
LOOP 
COUPLED 
2" LONG 
0.062" 
DIA. 
WIRE 

2 TURNS 
3/8"I.D. 
1/8" 
SPACING 
100" DIA. 
WIRE 

0.7-30pF 
PISTON 

1 
1 

150 OHMS 
450 MC 

1-1/4" LONG i‘ 
LOOP 
COUPLED ! 
0.032 DIA. I 
WIRE 

0.8-18 pf 

11/2 TURNS 
NO.22 HF 
1,000 pf 

2NII95 

0.33 = 

e' H INPUT 
FROM 
FREO 
MULTI-
PLIER• 

OUTPUT 

0.7-12 
pf 

-e2‘211'"—r1;757 ‘-+I'l 

0.8-I8pf 2141195 

t 

(3 TIo.33 

221 

0.8-18 of ,e  OuTpu, 
2 1/2 T 
NO.22 HF 

0.33HH 

5 ,000 II 750 

I I le I Pt 

0.33 

+4V 
18 V 

J. W. Hamblen and J. B. Oakes, Instrumen-

tation and Telemetry of Transit Navigational 
Satellites, Electronics, 34:32, p 148-153. 
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54 
MC 
IN 

54 
MC 
IN 

I5V 

-4-3V 

MULTIPLIER GIVES 324 MC-Two class B 

common-base stages (one tripler and one 

doubler) drive class AB common-base output 

amplifier to give 50 mw at 324 Mc from 54-

50 Mc 
INPUT 

ZG - 5011 

2NI141 

2NI195 

Î. 

= 

0.51.1.1-1 

0.01 -1 

Vd2re(GW I 

10 

.7- 680 

1 680 

54 MC OUT 

Li AND L2 r 41 NO. 26 

ON Al MEG RES 
L3 AND L4 3f NO. 26 
ON Al MEG RES 

150 T aco 

T 130 0.5/1H 

rb 
I , 1 180 

I 
2N1141 I ' 10.08µH 0.06µH 

1 LI 2  L3 47 
L J 

7.' 

, 
82 

-12 VOLTS 
(TO FRECI 
MULTI 

?1,0.5µH 

4, 24 
I . 1 I-
I 

2NH411 ' 10.08µH 0.06,1J.N 

0.5H 

-r. 0.01 T 200 

Mc input. Upper section, a 54-Mc trans-

mitter, is simply a single class AB common 

emitter that gives 200 mw output from 25-

mw input.-J. W. Hamblen and J. B. Oakes, 

QUADRUPLER STAGE 

Cl-HammarLund MAPC-75 
C2-HammarLund MAPC-75 
C3-HammarLund MAPC-75 
CL-HammarLund MAPC-75 
C5-HammarLund MAPC-50 
C6-HammarLund MAPC-50 
C7-HammarLund MAPC-25 
C8-E.F. Johnson Co.-Type "M"-160-110 
C9-E.F. Johnson Co.-Type "M"-160-110 
C10-HammarLund MAPC-25 

R1 - 68m 
R2 - 68m 
R3 - 150K0 

- 15om 

DOUBLER STAGE 

C11-HammarLund MAPC-25 
C12 -Johanson-JMC-1801 
C13-HammarLund MAPC-25 
Clh-HammarLund MAPC-25 
C15 -Johanson-JMC -1801 
c16-Johanson-JMC-2951 
C17-Johanson-JMC-1801 
C18-20 pf (Fixed) 
C19-32 pf (Fixed) 
C20-140 pf (Fixed) 

50 MC TO 400 MC VARACTOR MULTIPLIER- For pulse-modulated drive signals, will give 

Cogi.i.tz, of two purl.-push varactor circuits 100 w peak pulse power at 0.0088 duty 

in cascade, with bandpass filter at output. cycle. Uses Motorola 1N4386 vaructuis. - J. 

Provides 40 w with 30% conversion efficiency. Cochran, "Two-State Varactor Multiplier Pro-

L2 

324 
, (-MC 
L4 47 OUT 

Instrumentation and Telemetry of Transit 

Navigational Satellites, Electronics, 34 32, p 

148-153. 

400 Mc BP FILTER 

400 Mc 
OUTPUT 

ZL-50 

C21-140 pf (Fixed) 
C22-15 pf (Fixed) 

L1-3 Turns 1" dia. 1/8 Tubing 
L2-6 Turns 5/8" dia. 1/8 Tubing 
L3-2 Turns 13/16" dia. 1/8 Tubing 
L4-2 Turns 13/16" dia. 1/8 Tubing 
L5-1 Turns 5/8" dia. 1/8 Tubing 
L6-2 Turns 5/8" dia. #8 Wire 
L7-3 Turns 1/4" dia. #8 Wire 
L8-3 Turns 1/le dia. #8 Wire 

vides High Power at 400 Mc," Motorola 

Application Note AN-177, Aug. 1965. 
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AMPL-LIMITER 
INPUT 900 TO +225V 
I 100 CPS 
10.047 

O 

51K 4.7K 

I2AX7 

500K 560 

+300V 

VIOA 

VIO 

-nArs-
2K 

-Viig 

270g.g.F 

1/2 I2AU7 

2K 

1MEG •  

12AU7 1K - 150V 

0-E AMPL AND FILTER 

INPUT 
40mc 
5O os 
•  

56p1 

20K 

0.1 4.7K BANO-
PASS 
FILTER 

+225V 

5IK 

VISA 

100K 

+225V 
T 

V4 

PHASE COMPARATOR 
V5A FROM V6A 

BLOCKING 
05C 
A B I 

6AL5 

6AL5 
I MEG 

0.1 7i37°.-r1110.5MH 

100 0.1 

120 20K 

0.047 =. -150V 

12su7 VOLTAGE - CONTROLLED OSC 

100g.p..F 

VI2 
6G86 

7-45,a.gF 7-45F 

390 

47 

390 

500ggF 

el211,81( 

+180V 

6J6 

CATH 
FOLL- - 

1-1 VI4  OUTPUT 
3.3K Îé  

0.9 TO 1.IMC 

FREQUENCY MULTIPLIER-Phase comparator 

is combined with divider and digital feed-
back loop to give highly accurate frequency 
multiplication over wide band of inputs. 
Multiplying factor is 1,000, but technique is 
adaptable to other values. Amplified output 

of phase comparator is used to regulate volt-
age-controlled oscillator.-W. O. Brooks, Step-
ping up Frequency with Counter Circuits, 

Electronics, 32:29, p 60-62. 

1  

BT 

2 70C1 
1.51/ 

30p1 
27011 

56pf 

2N914 

56(1. 
1 02 

T'' 

2N914 

5611 

6.8 pf 

6.8of 

30 of 

T02 pf 

-.-. 

[71/ =- COMPLETE 40 MC- 160 MC QUADRUPLER- - I 

Transistor drive stage provides 10 db gain at 
70% efficiency. Output power is 80 mw into 
200 ohms. All coils are 1/2 inch diameter, 

using No. 14 wire, unless otherwise specified. 
-R. C. Wonson, Designing VHF Varactor 

Multipliers, EEE, 11:12, p 48-52. 

LOAD 

p 

N4 

+100 

90 

CI C3.1-
10 10 

+17 
—C2 

10 

S 

+78.5 

-34 

-65 

+50 

-65 

+50 

+78.5 

s 
-3 

S 

-90 

+17 

T SR 
Ep 180-220V 
fp.60CPS 

(A) 

C2 

s, T50 

100-140 V 
fp 60 CPS 

( B) 

60-420 CPS FREQUENCY SEPTUPLER-Seven 
saturable-core transformers, with series- star 
connected multiple primary windings and 

series-aiding secondaries, serve as static fre-
quency multipliers delivering 40 w at 420 
cps. Input may be three-phase (A) or single 

phase ( B).- W. A. Geyger, Frequency Septup-
ler Provides Stable 420-Cps Voltage, Elec-
tronics, 36:18, p 58-61. 

*22 WIRE 
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TWO 54-MC OUTPUTS FROM 3 MC—Uses 

three class AB common-emitter amplifiers. 

First two are tripiers that multiply 3-Mc input 

to 27 Mc. Third doubles this to 54 Mc, and 

drives two parallel 54-Mc class AB output 

amplifiers providing 25 mw each.— J. W. 

Hamblen and J. B. Oakes, Instrumentation 

and Telemetry of Transit Navigational Satel-

lites, Electronics, 34:32, p 148-153. 

U.022.1. 
4,300pF 

E, 
-I2V 

10K 

3MC 
INPUT 
E2 

• E3 

il 

70 MC 
INPUT 
O DBM 

6.e UH 

2•708 
60 MC AMPL. 

'2' 2,2004: 
—2,200 -r 

150 

2,2001 

X 1,000 

08-18 

10K 

19K 

1-21 
pF 

2N502 
180pF 

180pF 

820 _TOK 

" T  

:.200 

100 

2,200 2•708 

-1- 1,000pF 820pF 

2 5g.1-1 

10K 

1-21 
pF 

2N502 
130pF 

130pF 

8201 
pF 

2.5gH 

1-21 36 
OF pF 

2.541,H 

1-21 
pp 

,1K 

94 CAVIrl 

10 
3.94 

K X 1,000 

2N502 
24 

487200 p_F z 3 K 

pF 

4,7 
5,000 I 

Oa 
28708 

60-12.0 MC 
bOu8L ER 

2N708 

1144574 

332 

2N1195 

562F 

470 
oF 

47 
.--

RF ourpu • 

5P _1 
TWO DOUBLERS AND QUADRUPLER GIVE ries-resonance coaxial cavity, acts as quad-

960 MC—First two doublers are push-push rupler.—W. E. Dahl, Communicating with 

class C with unity gain. Varactor D1 in final Future Deep-Space Probes, Electronics, 36:22, 

multiplier, feeding 960-Mc quarter-wave se- p 28-32. 

Cl 
1,000 
pF 

R2 

51Ç 3K 

-12 V 

-F12 V 
CASCADED UHF DOUBLERS—Common basA 

amplifier with tank circuit tuned to twice the 

input frequency is cascaded to give frequency 

70 MC TO 140 MC 
DOUBLER STAGE 

01 

2N9I8 

L 4 

2.7p.H 

140 MC TO 280 MC 
DOUBLER STAGE 

C4 C5 
1,000 1,000 02 

pF pF 2N9I8 

I1,000 PF 

L2= 

4.5" 

C7 

0.8 
TO 
18pF 

280 MC TO 560 MC 
DOUBLER STAGE 

Cg C10 

1,000 1,000 
pF pF 

 It 

R5i R6 

51 3K 

--• 
C8 CIF 00 pF I1,000 pF 

56 
PF 
)1  

1-21 
pF 

\n‘ 

33 

820pF 

1602F 

54 MC 
OUTPUT 
NO.2 

2NI195 

54 MC 
OUTPUT 
N.1 

'HE 
470 
pF 

Ci! 

L3. 1,000 

2N918 1.75" PF 560 MC 
OUTPUT 
+6 DBM 

L7 

2 71.i.H 

multiplication in 40 to 1,000 Mc range, with 

power output per stage ranging from 50% of 

stage d-c supply at low frequencies to 25% at 

C12 
0.8 
TO 
8 pF 

— 
, 14 

'1,000 pF 

high frequencies.—A. E. Munich, Basic UHF 

Circuit Forms Amplifiers and Multipliers, 

Electronics, 37:20, p 59-60. 
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120 K 

100 

—1  
100 kc/s 
INPUT 

5.1 Ke I K 

GND 

+20 v 

55-
HO 
µ h 

200 kc/s 

110047 

01 
0.01 

Ty' 

+20v 10 K 

o 

12 K 

IMc/s 

470 29-55 
CI h 

0.001 

02 03 

2.4K 

10 K 

RI 

5.1 K 

_LC 2 
0.001 
IC3 

01)01 

5.1 K e 
1' 
T°'  

150 

8.6 
Wh 

04 

0.001 
2.4K I 

ALL TRANSISTORS 2N 2 714 — ALL RESISTORS ± 5%, WATT 

50-100 MC PUSH-PUSH DOUBLER—Charge-

storage IN4386 varactors in push-push pro-

vide 180 w. output with 70% efficiency.— G. 

Schaffner, Charge Storage Varactors Boost 

Harmonic Power, Electronics, 37:20, p 42-47. 

Rs = 501) 

f = 50mc 

cl 

INPUT 

5 Mc /s 
OUTPUT 

5.1K 

2N918 

—12 V 

COMMON-BASE UHF AMPLIFIER OR DOU-

BLER—With output tank circuit tuned to fre-

quency input, power gain ranges between 

10 and 16 db for 40 to 1,000 Mc, with band-

width varying from 10 to 40 Mc depending 

I., L7 11 Turns :: I4 Wire, 3/41" Dia Ci. C3 1-30 pf, C4.0 5-12 pf 

e C] 

100 KC TO 5 MC—Simple transistor circuit 

converts 100-kc standard frequency of fre-

quency counter to 5 Mc for use with 500-Mc 

frequency converter which requires 5-Mc ref-

erence frequency. QI is doubler. 02 and 

Q3 form unique quintupler evolved from 

Schmitt trigger, in which square-wave sym-

metry is preserved by maintaining triggering 

point at zero crossings of input signal. 

Q4-Q5 is similar quintupler, but without 

cross-coupling feedback.—H. T. McAleer, 

Unique Frequency Multiplier, Frequency, May-

June 1964, p 36-37. 

+12 V 

on temperature, frequency, and loading. Tun-
ing tank to twice input frequency gives 

frequency doubler.—A. E. Munich, Basic UHF 

Circuit Forms Amplifiers and Multipliers, 

Electronics, 37:20, p 59-60. 

RL = 500 

f = 200mc 

L3 3,5 Turns 14 Wire, 3'8" Dia L L5 4 Turns 14 Wire ,S" Dia C7. 08.12 pf; Cs, 4 C7: 0.5-10 pf 

50 MC TO 200 MC VARACTOR QUADRUPLER 50 w input power up to 300 Mc. Gives Power Varactor Diodes," Motorola Applica-

-Uses 1N4386 varactor capable of handling efficiencies up to 70%.—G. Schaffner, "High- tion Note AN- 147, Apr. 1964. 



FREQUENCY MULTIPLIER CIRCUITS 261 

FIN 200 Mc 

IN 40W 
ZG 50Q 

50 MC TO 100 MC PUSH-PUSH DOUBLER— 

Two 1N43136 varactors are connected in 

phase opposition to input signal and parallel 

to common load at even harmonic signal, 

to give action comparable to push-push cir-

cuit. Power-handling capacity is twice that 

of single varactor, with added benefit of 

odd-harmonic suppression.—G. Schaffner and 

J. Cochran, "Varoctor Diodes and Circuits for 

High Power Output and Linear Response," 

Motorola Application Note AN-191, Aug. 

1965. 

IN4387 VARACTOR 

LI 

50 Mc INPUT 
295 WATTS 
ZG 50Q 

F0 600 Mc 
Po 22W 
ZL 50Q 

COAXIAL 
CAVITY 

L1 - 3 TURNS OF 1/16" WIRE 1/2" DIA. X 1" LONG. 

L2 - 1 TURN 1/8" TUBING 3/8" O.D. 

L3 - STRAIGHT COUPLING LOOP 1/8" TUBING 2" LONG SPACED 

APPROX. 1/8" FROM CENTER CONDUCTOR. 
L4 - STRAIGHT COUPLING LOOP 1/16" WIRE 1-1/2" LONG, 

SPACED APPROX. 1/16" FROM CENTER CONDUCTOR. 

200 MC TO 600 MC HARMONIC TRIPLER— 

Uses single varactor to give 20 w output from 

40 w input.—G. Schaffner and J. Cochran, 

"Varactor Diodes and Circuits for High Power 

Output and Linear Response," Motorola Ap-

plication Note AN-191, Aug. 1965. 

JMC2954 

—>> /  

JMC2954 

500 MC TO 4,000 MC 1-STEP MULTIPLIER— 

Combines both lumped and coaxial cavity 

4.0-74 
pfd 

270K 

L2 

= 2.6-25 

pfd 1N4386 

IN4386 

2.6-25 
pfd 

L3 3-50 pfd 

CENTER TAP 

4-75 
pfd 

100 Mc OUTPUT 
208 WATTS 
ZL 50Q 

Lj - 3 TURNS OF NO. 10 
WIRE 1" DIAMETER 

270K L2 - 10 TURNS OF NO. 10 
WIRE 1" DIAMETER 

L3 - 1 TURN OF NO. 10 
WIRE 3 4" DIAMETER 

ALL CAPACITORS ARE 
HAMMARLUND MAPC 

INPUT OS-10 pF 
FREQUENCY 
.340 MC 

Cs 
4 

0.8 -10 p F 

OUTPUT FREQUENCY 
.1 02 GC 

TRIPLER WITH OVERLAY TRANSISTOR GIVES 

1.02 GC—Single overlay transistor eliminates 

conventional transistor amplifier and chain 

of varactor frequency multipliers. Output 

power is 3.5 w.—H. C. Lee and G. J. Gilbert, 

Overlay Transistors Move into Microwave 

Region, Electronics, 39:6, p 93-95. 

techniques with varactor o serve as octupler. 

Coupling from varactor to first cavity must be 

OUTPUT CAVITIES 

exceedingly tight.—G. Schaffner, "Varactor 

Multipliers Provide High Output-Power Above 

6 GHz," Motorola Application Note AN-213, 

Dec. 1965. 
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INPUT 
f.50 MC 

IN '5°W 

SIMPLE DOUBLER-Uses distributed R-C net-

works consisting of resistive and conductive 

layers on dielectric substrate, with d-c applied 

between electrodes at 65 y for doubling fre-

quency of ceramic-dielectric 400-cps oscilla-

tor.-M. M. Perugini, Race to Reduce Capaci-

tor Size, EEE, 10:7, p 61-64. 

AMPLIFIER 

R-F 
IN 
0.3W 

100 

2 8-1IpF 

3.0-25 pF 

2.9-35 pF 

3.0-25 pF 

50-150 MC TRIPLER-Charge-storage 1N4386 

varactor triples frequency with power effi-

ciency of 70% for input of 50 watts.- G. 

Schaffner, Charge Storage Varactors Boost 

Harmonic Power, Electronics, 37:20, p 42-47. 

+18o v 
2.5 NH 

470 

FROM P- P-F 
INC 
OSC 

51 K 

-150V 
250K 

116-200- MC 
CAVITY 
TUNER 

3-18,7 

10K 
Vig 

6AS6 

10 K 

OUTPUT 
f = 150 MC 

POUT ' 35 W 

DECADE DRIVER 

4,7K 

47 6u8 

750K 

-150 V 

DECADE DRIVER FOR FREQUENCY MULTIPLIER 

-Input signal from frequency-multiplying os-

cillator is stepped up to 80 y peak-to-peak, 

with 1-microsec rise time, for accurate trig-

gering of decade counter.-W. O. Brooks, 
Stepping up Frequency with Counter Cir-

cuits, Electronics, 32:29, p 60-62. 

TRIPLER DOUBLER 

Z-1002 
350- 600- MC CAVITY 

Z- I003 
700- I200- MC CAVITY 

2C398 I 2C398 

- 0.001 0.001 

1 

0.001 \ V/ 

0.001 

+275V -850V 6.3V METER - 850V 6.3V 
A-C A-C 

TRIPLER-DOUBLER GIVES 700-1,200 MC- First with coaxial resonators.-A. E. Anderson and 

stage is grounded-grid amplifier, with plate H. D. Hem, F-M Exciter For Sight or Scatter 

tuned by 1-turn coil and variable capacitor. Systems, Electronics, 31:11, p 148-151. 

Common-grid tripler and doubler are tuned 

UHF 
OUT 
15 W 

METER 

0.001 

K r X 1,000 

INC 
TO 
DECADE 
COUNTERS 

100 

T"F 
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Shield 

8-50 pf 2N1141 

N 

2.2 ph 
RFC -1 

30 pf 

L1 and L2 V2turn 1/2" dia #12 wire 1.0-12 pf 

68 pf 

50 It 
load 

0.68 ph 
RFC 

68 pf 

- 12v 

121.5 MC TO 243 MC DOUBLER—Input is collector circuit rejects fundamental.—Texas 

tuned to fundamental and output to second Instruments Inc., "Transistor Circuit Design," 

harmonic. Combination series-parallel trap in McGraw-Hill, N.Y., 1963, p 328. 

Rs. 50  

f = 50 MC 

3T 

/I% 
C2 

ec, ;." 

LI,L2:11 TURNS NO.14 WIRE, 3/8" DIA 

L3 3.5 TURNS NO.14 WIRE, 3/8" DIA 
1...4,1_5 4 TURNS NO.14 WIRE, 3/8" DIA 

VARACTOR FREQUENCY QUADRUPLER—With 

50-Mc input, output is 22 w at 200 Mc. 

Series-tuned idler circuit I.3-C4 is omitted for 

F 500 Mc IN 
Z 50Q 
G r7iiii 

RL 

CI,C3:1-30 pf ; C4:0.5-12 pf; C2“:1.13-12 pi; 
C5,C6,C7: 0.5 - 10 pf 

frequency-doubling.—L. E. Clark, E. B. Mack, 

and R. C. Hejhall, Highlights of Small-Signal 

Circuit Design, Electronics, 36:49, p 46-50. 

1N4388 VARACTOR 

f-

C2 

fo 1000 Mc 

_1ZL 50 û 

-- COAXIAL  
CAVITIES 

C1' C2, 1/2-12 pf JOHANSON JMC 1801 

500 MC TO 1,000 MC DOUBLER—Single var- Cochran, "Varactor Diodes and Circuits for 

actor gives up to 15 w output from 25 w High Power Output and Linear Response," 

input, with output linear up to 11 w. Con- Motorola Application Note AN-191, Aug. 

version efficiency is 50%.—G. Schaffner and J. 1965. 

0.001 pf 0.21 ph 2N743 

I O00 

100-58(2/ 
170-7807-. pf 27 mh 

?RFC of 

L1 3 turns #516 Air Dux) 
4 turns #416 Air Dux) 

L1 7 turns #416 Air Dux) =r--• 
21 MC TO 42 MC DOUBLER—Combination se- that is tuned to second harmonic.—Texas 

ries-parallel trap in collector circuit provides Instruments Inc., "Transistor Circuit Design," 

50 db rejection of fundamental in output McGraw-Hill, N.Y., 1963, p 328. 

L2 

Shield 

N 

22 pf 

L2 

0.086 ph 

46.0-80 
L3 Pf 

Ed 0.287 
r ph 

0.001 pf 

50 II 
10 ph load 

RFC 

0.001 pf 

2.7-30 pf 

0+12v 
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100-incOuT 

50mc IN 
FROM 
TIME-MARK 
GENERATOR 

50 MC TO 100 MC VARACTOR DOUBLER— 

Used to extend usefulness of conventional 

time marker generator.— R. M. Zilberstein, 

Frequency Doubler and Amplifier, EEE, 12:12, 

p 57. 

A-F DOUBLER—Frequency of sinusoidal signal 

is doubled with only one transistor, one 

coupling capacitor, and four resistors, by util-

izing nonlinear characteristic of transistor for 

half-wave rectification. Purity of output 

waveform is adjusted with feedback control 

R1.—R. J. Miller, Jr., Audio Frequency Dou-

bling Without Bulky Filters, EEE, 12:12, p 57. 

4 w Ar 
25 inc 

iOT 31 
* 22 WIRE 

12T ST 

VHF VARACTOR QUADRUPLER—Supplies 160 

Mc at up to 0.5 w. Output impedance is 50 

ohms.—R. C. Wonson, Designing VHF Var-

actor Multipliers, EEE, 11:12, p 48-52. 

BALANCED PARAMETRIC DOUBLER—Handles 

twice the power of single-ended circuit using 

same varactor diode, while doubling 125-Mc 

input. Varactors VC are PSI type PC116. 

Efficiency is 70%. Transformer winding data 

is given in article.—R. D. Gromer, VHF Bal-

anced Parametric Doubler, EEE, 11:8, p 

30-31. 

Z. • 50a 

250 me 



CHAPTER 38 

Function Generator Circuits 

IK 

01 
2N2386 

0.2µf 

2 7M 

IK 

100K 

o 5µf 

10K: 

03 
2N2497 

7 150µf 
10V 82K el5K 

son 

o 20 vdc 
110% 

1N914 

+  

AUDIO FET SQUARING CIRCUIT— Used in wide bandwidth is required. First stage is whose reading is proportional to square of 

noise investigation, analog computation, and phase divider whose outputs drive squaring amplitude of input voltage.— L. J. Sevin, Jr., 

measurement of power in complex wave- fees Q2 and 03. Output of squarer is "Field-Effect Transistors," McGraw-Hill, N.Y., 

forms, where squarer of high accuracy and coupled through capacitor to meter rectifier 1965, p 83. 

17K 

L1 c1 R6 < R'  

0.3h 0.1 430 10K 

"„, R2 

'10K 

C2 
0.1 

R3 

' 390 

C3 
0.5 

L2 

0.2-0.9h   C)2 

R4 

910 150 

R7 

e R8 
47 K 

I% 

R9 R10 

22K 470 

03 

-12 V 

COSINE WAVE HIGH Z- LOAD LOW Z - LOAD 
OUTPUT VARIABLE VARIABLE 

VARIABLE SINE-COSINE FUNCTION GENERA- SINE WAVE SINE WAVE 

TOR— for testing phase detector, one output OUTPUT OUTPUT 

gives reference cosine function and other high or low output impedance. Q1 is modi- —J. G. Peddie, Oscillator Generates Sine, Co-

gives waveform that can be varied in phase fled Colpitts. Frequency stability is 1% Corn sine Waves Simultaneously, Electronirs, 37.77, 

from sine to cosine function, with choice of 1 kc to 100 kc with regulated power supply. p 74. 

265 
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+300V 

INPUT 

+I.5V 

-45V 

CATHODE 
LEVEL 

-200V 

PHOTOELECTRIC 

Open-loop photoelectric function generator 

generates any single-value function with 1% 

SCHMITT 

TRIGGER 

I2K 10K 

3-12F 3-12F 

330K 

V 

  I2AT 7 
5K 

HYSTERESIS 
ADJUST 

270K 

GRID 
10K LEVEL 

SWITCH 

AND 

CLAMP 

AMPLIFIER 

AND 
IN 

3-12/..y.F 

5K 

330K 330K 

SWEEP 
LAMP 

50K 27K 5IK 39K 

FUNCTION GENERATOR-

INPUT 
450 KC 

0.1 1N38 

el( *4 

41N38 

1N270 

100K 

OUTPUT 

001 

I 1N270 1  
0001 

1N4002 

2N2`,29 

•  
FIRST STAGE 

10 MEG 

V38 
5726 

30K 

MILLER 

SWEEP 

-  
0.01 

PEAK DETECTOR 

AND 

CLAMP 

CLAMPING 
LEVEL 
500K 390K 

-/Vre-"V\Ar-• 

V6 
-212BH7 

390K 15k 

1 DI -,- 10 
IN63 

2Z 1N63 — 10K 

C — 1Tao3  0.02 -- --
1  

2- KC 
LOW- Pt ES 

—0 FILTER 

O 

10K 

K X 1,000 

AMPLITUDE 
CONTROL 

OUTPUT 
0 -v-

-100V 

accuracy, as required for duplicating particu- with 5-kc vertical sweep.- B. Silverberg, 

lar antenna patterns in radar simulator. Uses tion Generator for Radar Simulator, 

horizontal sweep of 10 millisec ( 100 cps) tronics, 32:2, p 52-55. 

270K 13K 

1N459 

SQUARE-LAW OUTPUT-Diode network and 

detector provide output proportional to 

square of input voltage. Input range of 40 

db is split into two 20-db segments. Each 

stage saturates and gives constant output 

2N3638 

2N2925 

-17V 

for voltages above operating range. For volt-

ages below operating range, stage is cut off 

and has zero output. Combination of two 

stages gives desired square-law characteristic. 

Resistor values are: RIA, R3A 3.18K, 

Func-

Elec-

FUNCTION GENERATOR- Desired function of 

input voltage is developed across RC and 

inverted by 04. One application is for 

computing ground range of radar target 

from slant range. Transistors eliminate need 

for d-c amplifier.- D. R. Chick, Boosting Func-

tion Generator Output with Transistors, Elec-

tronics, 33:13, p 75-76. 

100K 

a2 
2N2925 

I 1N38 

IN270 

0.0t 
y IN270 0.001 

y 1N459 

SECOND STAGE 

RIB -- 57.9K, R3B 18.75K, R5 - 3K, R7 

10, R2A, R4B = 5.06K, R4A - 1.86K, R2B 

64.2K, R6 300 and R8, R9 990.-R. J. 

Matheson, Square-law Detector has 40-db 

Dynamic Range, Electronics, 39:18, p 95-97. 
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EXPONENTIAL FUNCTION GENERATOR-Out-

put is exponentially decaying curve in which 

exponent is determined by other components 

of system. Used in analog computer to inte-
grate curve of dye concentration in blood 

stream to obtain flow rate.- R. L. Skinner 

and D. K. Gehmlich, Analog Computer Aids 

Heart Ailment Diagnosis, Electronics, 32:40, 

p 55-59. 

2N43 

A 

K= X 1,000 
6.2K 3.3K 3.3K 

02 03 04 
2NI61 2N43 2N43 

33K 3.3K 

4.7K IK 3.3K 

SQUARING AMPL 
 430V +I5V 

IK 

POWER 
OSC 

COSINE/SINE GENERATOR-Based on fact that 

area under sine curve varies as cosine func-

tion. Input voltage is converted into pulse 

width that controls electronic switch to cut 

off one portion of sine wave. Resulting rec-

1K 

I/ 

7501„,vv,..14--H  
+ I V 

.370K + 
.6V —• 

.3V L-• 
140K + 

3V —• 
93K 

320K 

120K 
3.7V-

60K 
•  

Iv 

1 M EG 

ALL DIODES ARE TYPE 6AL5 

vb 

06 
2N43 

33K 
SWITCH NO.2 

08 
2N43 

005 
"- 11— 

D-C 
AMPL 

3IK 

-• 

FILTER NO.1 

47K 22K 

K= X 1,000 

5751 

47K 22K 

Vf 

INPUT 
100K V4 

tangular pulses are symmetrical with respect 

to positive peak of sine wave.-H. Schmid, 

Function Generator for Sines or Cosines, 

Electronics, 32:4, p 48-50. 

8.2K 

4.7 MEG 

1.8 K 

0.001 

22 

-15V 

2.5 
MEG 

250K 820K 

- 465V 

VEECO 
023L9 

VARISTOR 

251377 

OUT-
PUT 
-LNY 

- 250V 

4.7K 

OUT 

251377 

[00 

DYNAMIC RANGE COMPRESSOR-Transistor-

ized version of vacuum-tube drawdown lim-

iter or compressor amplifier limits dynamic 

range of any negative input signal without 

a threshold or saturation level. Output is 

approximately proportional to cube root of 

input, thus giving effective dynamic range 

compression. Good over audio range, yet 

can operate up to megacycle region if used 

with suitable high-frequency transistors and 

series inductance to varistor. Maximum in-

put signal of 200 my produces 3 y output, 

corresponding to gain of 15 at maximum 

permissible compression.-D. E. Lancaster, 

Dynamic Range Compressor, FEE, 11:2, p 25. 

SQUARING CIRCUIT-Fet gives higher accu-

racy and higher gain than ordinary transis-

tors or vacuum tubes. At maximum input, 

output voltage is about three times input 

voltage. Used to measure mean-squared 

value of voltages from 5 cps to 100 kc.-In-

crease the Accuracy of Your Squaring Cir-

cuits with Silicon Field- Effect Transistors 

(Texas Instruments cid), EEE, 11:7, p 6-7. 
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INPUT 
FROM 
DECODER 
BUFFER 
STAGE 

motion of these functions by use of two 

diode-connected triodes as function genera-

tors, one for positive signals and the other 

SINE-COSINE APPROXIMATOR—Converts tri-

angular first approximation of sine and co-

sine of azimuth angle to accurate approxi-

TIME AMPLIFIER—Output pulse width is linear 

function of input pulse width. With two 

stages, circuit can amplify nanosec pulse 

widths to seconds. Article gives design pro-

cedure for choosing values of RI, CI, and R2 

1,8 MEG 

0.5 MEG 

0,5 MEG 

1,8 MEG 
SIG IN 

-GAY 

vi 
-45V -16.5V 

for desired time amplification and input 

pulse range. For input of 0.1 — I microsec 

and time amplification of 1,000, RI = 51, 

Cl = 8,200 mfd, and R2 = 3.2 meg. For 

10 — 100 microsec input and amplification of 

R1 +10V + 20V -10V 

5K 10K 10K 

04 

+30V 

0.5 MEG 

I.8 MEG 

LOWER 

+10V 

250 
10K 

- 10V 

500 

S2 + 5V 

COMPARATOR 

UPPER COMPARATOR 
c4-- 5V 

-I0V   +20V 4-10V 

10K 10K — 10K e lOK 

-I6V 
REG 

47 

OUTPUT 

for negative signals.—B. L. Bair, Logical De-

sign of SAGE Input Monitor, Electronics, 

31:33, p 78-81. 

100, R1 is increased to 510 ohms. For 100 

to 1,000 microsec input and amplification of 

10, RI = 510, Cl = 0.82 mfd, and R2 = 

320K.—R. W. Fergus, Time Amplifier, EEE, 11:8, 

p 26-27. 

10K 10K 

10K 10K 

RANDOM-NOISE ANALYZER—Provides digital 

information from which amplitude probabil-

ity distribution function and probability 

0 14 
10K 
+20V 

+2 5V 

+25V 

SAMPLING 
PULSE 

IN 

0,0(1 1 

0 19 • 

330ggF 

+20V + 20V 
vs%  
12K 

250,Lia 

020 

11496 

1014 

+20V 

ALL PNP'S t2N123 OUTPUT 
ALL NPR'S.2NI67 TO 
K.X 1,000 COUNTER 

density function can be plotted. Consists of 

two amplitude comparators followed by logic 

circuits and sampling network.—D. Hoffman 



CHAPTER 39 

Gate Circuits 

FROM 
START-STOP 
FLIP-FLOP 

20pf 

+6 -3 

ai 

GATE 

FROM 150 MC o 
OSCILLATOR 

27p1T 

+ 28V 

O 

ir o 

1 µ h 

51pf 

RFC 

7-45 pf 

AMPLIFIER DRIVER 

150-MC CLOCK GATE AND DRIVER-When 

gate transistor Q1 (2N2368) is turned on, 

200-Mc bandwidth amplifier Q2 is off to pro-

vide isolation and permit switching within 

one cycle of clock. Driver output goes to 

decade counter.- 1.. C. Drew, Using Microcir-

cuits in High-Resolution Range Counters, 

Electronics, 36.47, p 31-33. 

=_• 

C
L
O
C
K
 
L
I
N
E
 
O
F
 
C
O
U
N
T
E
R
 

25 2,200 

200 éle-Al 

ALL TRANSISTORS - 
FAIRCHILD 2N709' S 

-u- 68 

56 DUMMY LOAD 

I- 82 1 

--7 l LEW\HI I 1 I 
1 = 15 I 
L ____J 

56 

-22 V +22V 

2,200 

150 

1,600 1,600 

68 

5, 200 MC 
)1- GATED 

OUTPUT 

GATE FOR 200-MC INTERVAL TIMER-Two 

pairs of transistors can turn gate on or off in 

1 nsec, from separate start and stop inputs. 

Only one transistor per pair conducts at a 

time.-C. S. Coffey, VHF Counter Measures 

Time Intervals Precisely, Electronics, 36:34, p 

27-29. 

-1128V 

0 

RESET 

PULSE SEQUENCE DETECTOR- Output occurs 

only when event signal at A precedes event 

signal at B. Other sequences are ignored. 

-R. A. Wilson, Two Events, in Sequence, 

Produce Detector Output, Electronics, 39:16, 

p 120-121. 
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3- WIRE 
ANALOG 
INPUT 

rsel 

R, IN67A 

I.2K 3.9K D' 

> 

j2.2 K 

R9 
3.9K 

R, 

I K 

02 
1N6 7A 

TI 

INPUT 
I RANSFORMER 

CI 

0.0022 

R„ 
2.7K 

h 12 
47K 

-I0V + 10V 

GATE 
DRIVER 
INPUT 

TO LOW-LEVEL AMPL K., X 1,0 00 

TRANSISTOR SERIES SWITCH-Two transistors strumentation transducer and input transfor- Knight, and J. H. Searcy, Low-Level Multiplex-
back-to-back in inverted connection serve as mer of multiplexer. Gate driver receives key ing for Digital Instrumentation, Electronics, 

and gate between analog input from in- pulse from timing matrix.-C. E. Griffin, J. P. 33:41, p 64-66. 

STANDARD MICROMODULE LOGIC GATE-

Single-transistor gate can have maximum 

fan-in of 20 and maximum fan-out of 4. 

Power dissipation is 75 mw average, pair 

delay is 60 nsec, and rise time 30 nsec.-

A. S. Rettig, Computers in the Front Lines: 

Micromodules Make it Possible, Electronics, 

36.1, p 77-81. 

SYNC 
INPUT 

47 
pF 

10K 

2N760A 

1N68A 

3.3K 330 4.7K 

+12V 

POSITION A W. 2N760A 
INPUT 

2N930 

0.02µF 

22K 25K 

0.01µF   
LIN 

...„4,700pF 
r-

-z• ' GATE R 
SIZE 
LCONTROL 2 

FRONT PANEL 

2.2K 

3.3K 

IN 

CLUSTER 

+12V 

BORE SIGHT 

SLOPE 

4.7K 5K 

5K 

1N2929 

5.11K 

CR 1 

5K 4-45V 

03 
2N2413 

2N 2411 

82pF 

1.62 K 

2N1170 

0.05µF 

••I2V  controlled by cl -c voltage, while size of gate 
GATE GENERATOR FOR MISSILE TRACKER- can be adjusted manually without affecting Tv Tracker Keeps Eye on Missiles, Electronics, 

Position of rectangular gate on tv display is its center position.-J. R. Kruse, Automatic 34:13, p 82-87. 

§9.09K 

-9 

8,200 pF 

+GATE 
WIDTH 

-GATE 
WIDTH 

I.8K 

j0 K 10K 

03 

IN2929 

NOTE: 
RESISTORS 1/B W, 
± 2% 
CRI,CR2-IN914 

- 2N9I4 

+12V 

+ 45V 

R1 
10K 

as 
2N2413 

1N2929 

10K  

; RLY 
.. HORIZ 

PULSE 

CENTER 
HORIZ 
PULSE 

12V 
+12V +45V 

R2 
10K 

06 
2N2413 

10K 
LATE 
HORIZ 
PULSE 
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ALL TRANSISTORS -2295 ., „ _ 
NOR GATE INVERTER NOT "AND GATE 

GATE OUTPUT INVERTER— Inverter stages parallel-transistor nor gates and three series-

compensate for phase inversion of three transistor not and gates.—"Transistor Man-

250 V 

NEON PHOTOCONDUCTOR IN LOW-COST 

LOW-SPEED GATE—Cadmium selenide or cad-

mium sulfide photoconductors PC deposited 

on common substrate are used in pairs with 

Ne-2H miniature neon indicator lamps to re-

place electromechanical relays in low-speed 

digital gate. Firing time of neons is reduced 

and stabilized by applying 350-v, 60-cps 

voltage between one neon electrode and 

adjacent external electrode, to maintain am-

bient light that gives low level of ionization 

in lamp.—J. L. Patterson, Will Neon Photo-

conductors Replace Relays in Low-Speed 

Logic?, Electronics, 36:18, p 46-49. 

INPUT CW 

I LO-PA SS 

+I2V  

INPUT 

1,800 

SQUARER 

4.10V 

IN 

ual," Seventh Edition, General Electric Co., 

1964, p 177. 

RI-OUALIT Y ONE-SHOT 
p. SEC 

ONE-SHOT I 
8 µSEC 

3,300 3,300 2,200 2,200 1 
)79,300 K 

20K 270pF  , 1N469 NOM 
-vvs.— .--.)1— .---+Ann.—..--->--• 150K 

47N 

20K 

20K 

IK 

20K 

10K 

Q 
2 

10K 

5 100 

47 

270 

10K 

20K 

2,200 

K r X 1,000 
TRANSISTORS ARE 2NI304 
DIODES ARE INI91 

AND 
GATE 

+12V 

SLOT FILTER—Interval-sensitive gate will de- Corbin, Digital Tone Filter with Infinite Re-

tect tone in range from 4,900 to 5,100 cps jection Slope, Electronics, 34.5, p 58. 

regardless of other frequencies present.-- A. 

DETECTOR 

0.15 

+I2V 

20K 
OUTPUT 

68pF 

C2 

80 TO 11112 80 TO 

480pF 480pF 

R7 
T1 S 12K 
UTC 
DO-T20 _L-3 _ 

0 0 ARE +6V   AND i 

slucoNlx, INC. TYPES Oi L 1 z 
t1 t2 Rio 

50K 

DI Rg 

10K 1N458 

GATED 
CW 
OUTPUT 

12 

UTC 
DO-T20 

ti 

TANDEM-BRIDGE FET—Provides tone bursts 

from 300-kc c-w input. Signal leakage in off 

condition is down 60 db.—F. J. Murphree 

and J Bealor, FET in Bridge CirLuit Gùies a 

300-KC Signal, Electronics, 38:9, p 60-61. 

tz 



272 SOURCEBOOIC OF ELECTRONIC CIRCUITS 

o. 

o 

o. 

• KEG 
CLOCK 
PULSE DI 0.002 DS 

M8-2 H13-2 

TO 
-UV + CLOCK 

CLOCK 
CLAMP 
H8-2 

3.3K IA 

K. X 1,000, 

GATED DELAY—Negative-output clock pulses 

of 256-parameter microwave system checker 

are applied to gating diode Dl, which or-

dinarily blocks signal to delay mvbr. During 

eighth pulse of code train, diodes D2-D3-D4 

receive negative voltage from their binary 

outputs and make DI trigger mvbr through 

D5. At end of mvbr delay, clamp is removed 

until eight more pulses arrive.—.1. B. Bullock, 

Pulse-Coded Fault Alarm in Microwave Sys-

tems, Electronics, 33:1, p 82-84. 

TIMING RESISTORS R 1K AND R2K 

-12V DC 

ASTABLE 
MULTIVIBRATOR 

R5 

1K 

CORRECT 
RESPONSE )  
PULSE INPUT 

2N404 

6.8K 

-12V DC 

PERIOD. T3 

+V 

-V 

SINE 
WAVE 
OUTPUT 

GATED OSCILLATOR—Drives pair of pulse Perlin, Selective Calling for Data Link Sys-

generators for selective calling system.—A. I. tems, Electronics, 33:18, p 108-1)0. 

2 - INPUT 
"AND" 

1 14 

600pF 

-12V DC' 

22K 

30K 

24K 

2N404 

+6VDC  

TRIGGERING 
CIRCUITRY 
OF REWARD 
DISPENSING 
DEVICE 

100% o 
REINFORCEMENT 
SWITCH 

-12VDC 

— r 

1K 33Ke 1K 2.4K 

15K 

300pF 1N456 600pF 

 "I( f4 

12K 334 

2N404 

+6VDC 

600pF 

 A A 

12K 

33K: 

N404 

DRIVER 5-µS MONOSTABLE 
ILAULTIVIBRATOR  

TEACHING-MACHINE REWARD GATE—Asta-

ble and monostable multivibrators feed and 

gate that triggers reward-dispensing device 

(such as candy dispenser) when number of 

INVERTER 

correct answers exceeds preset percentage of —G. S. Pennington, Jr. and J. A. Boehm, Ill, 

random probability. Circuit may also give Gate Varies Rewards from Teaching Machine, 

100% reinforcement for correct response but Electronics, 39:10, p 92-93. 

with candy reward only at spaced intervals. 
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i0OpF 

n - 

LEAD 
INDUCTANCE 

)IN2939 

CLOCK IN 

BRIDGE GATE TEST CIRCUIT—Two-state a-c 

bridge having biased tunnel-diode in one 

arm can be used as gate when balanced 

in one of its stable states.—F. W. Kantor, 

Tunnel-Diode Gate has Subnanosecond Rise 

Time, Electronics, 35:15, p 62-64. 

R3 

250 

OUTPUT 

NEON-TRIODE OFF-ON GATE—Supply voltage 

is set midway between firing and extinction 

voltages of neon tube. Neon conducts when 

triggered by momentary increase in voltage, 

and continues conducting until supply voltage 

is momentarily lowered below extinction 

voltage. Can be used to produce low-repeti-

tion-rate pulses. Triode may be 6AV6 or 

1/2  12AX7.—R. L. Ives, Neon Triode Gives Low-

Speed Gate, Electronics, 31:11, p 170-174. 

TI 
DO—T20 

INPUT 
î ftiee 

14V P-P 

01 AND 02 ARE SILICONIX, INC. TYPES 

SIGNAL-BRIDGE FET—Provides pulsed c-w out-

put from 300-kc c-w input. On-off ratio is 50 

db. Insertion loss is 15 db with 510-ohm 

R2 
220 

K z X 1,000 

T1 TOROID CORE 

SIGNAL 

0.1 

02 

U112 

R1 

10K 

0.0005 

27K 

1N457 

BIAS 
-2.5V 

4-I5V 

Q2 
2f11694 

TO 
9— SCOPE 
I VERTICAL 

«1›, COMMON 
LOAD 

1 4.7 K 

j -15VDC 

DIODE GATE—Input signal from ring counter 

applies reverse bias through isolating tran-

sistor 01 to diode gate and base of 02, 

which then supplies current to common load 

of multichannel scope display.—J. E. Russell, 

Ten Signals at a Glance, Electronics, 37:19, 
p 54-57. 

R2 

10K 

GATE PULSE 

output load. Requires ne adjustment. Used 

in sonar experiments.—F. J. Murphree and J. 

Bealor, FET in Bridge Circuit Gates a 300-KC 

T2 
DO-T20 

+6V 

O 

—6V 

GA- TE ON 

Signal, 

SV P-P LEAKAGE 
le 0.05V P-P 

OUTPUT 

GATE ON 

Electronics, 38:9, p 60-61. 
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GATE 

IN BIAS 
-4 

ALL TRANSISTORS 
2N708 

47K 

INVERTER 

NOR LOGIC USING SERIES TRANSISTORS FOR 

AND GATE-Requires inverter at output.-

R4 R5 

2K 2K 

R, IOW 100p F 

CLOCK 

IN 

L, 
CI C2 

IN2939 

92A 92B 

K - X I 000 

OUTPUT 

T, 

R3 

220 

BRIDGE GATE WITH TOROID-Portion of gate 

input signal is fed to wire threading output 

toroid, to cancel output spike of a-c bridge. 

-F. W. Kantor, Tunnel-Diode Gate has Sub-

nanosecond Rise Time, Electronics, 35:15, p 

62-64. 

EIN 
.4:10V 

+16 

FF1 

- 10V 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 179. 

R1 

99K 

ON r 

R3 

100K 

Q1 
2N3376 

EOUT 

OPERATIONAL 
AMPLIFIER 

SWITCHING SPEED R1 VALUE 

<1 MICROSEC. 10,000 OHMS 

10 MICROSEC. 1.0 MEGOHM 

ANALOG GATE-Output is - 10.0025 y for 

10 y input, and - 9.9975 y for - 10 y input 

-M. Shipley Sr., Analog Switching Circuits 

Use Field-Effect Devices, Electronics, 37:32, p 

45-50. 

applied.- R. Newmeyer, Gated Multivibrator 

Output Provides Constant Pulse Width, Elec-

tronics, 38:26, p 69. GATED MVBR-Complementary pulse trains 

appear at outputs 1 and 2 when gate is 
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INPUT 
OUTPUT 

PULSE HEIGHT-TO-WIDTH CONVERTER-Con-

verts O to 2-v pulse to gate for pulse height 

to pulse width conversion. Gate width, di-

rectly proportional to data pulse amplitude, 

is applied to clock circuits.- W. W. Granne-

• mann et al., Pulse-Height-to- Digital Signal 

Converter, Electronics, 33:2, p 58-60. 

+10v 

BASIC PNP GATE- Circuit is and gate if clos-

ing of switch is an input. Circuit is or gate 

if opening of switch is an input. Provides 

phase inversion of input without complicat-

E 3 RESET PULSE 

DI 

910 

E + 3V D-C 

R3 

620 

R4 

510 

D4 

E 

50 

o 

ing overall circuitry.-"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 
p 176. 

Es+3V D- C 

Ei, E2 = + 3V PULSES 

E3.- 4V PULSE 

DI,D2, D4. BD-4 

D3— 1N3149 

FAST TUNNEL-DIODE GATE-At coincidence making 04 pass current to load.-A. A. 

between sampling pulse at one input and Fleischer and E. Johnson, New Digital Con-

100-Mc block pulse at other input, 11 ma version Method Provides Nanosecond Resolu-

current through D3 switches D3 to high level, tion, Electronics, 36:18, p 55-57. 

RI 
100K 

R2 
5K 

IN 751 A 
5.1 V 

CRI 
IN 645 

CR2 
IN 645 

N PUT C, 
o-

220 

R3 
4.7K 

+25V 

03 

PREFERRED VARIABLE GATE GENERATOR-

Uses multivibrator to generate rectangular 

gate waveform whose duration is directly 

proportional to setting of potentiometer and 

is relatively independent of temperature ef-

fects. Used to produce movable markers for 

radar displays. Input signal is negative, 

from 10 to 20 v. Output is 12.5 v, with 

gate width adjustable from 10 to 10,000 

microsec by changing values of R1 and C2. 

R8 -NBS, "Handbook Preferred Circuits Navy 

10 OK Aeronautical Electronic Equipment," Vol. II, 

Semiconductor Device Circuits, PSC 16 (orig 

molly PC 252), p 16-2. 
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PULSE 22.71 
INPUT 

21D. lOnh 

LEVEL 
INPUT 

+150 V 

+6V +6V +6V 

I027O 333 206 

+90mv 

12 nh 

o+90mv -+90mv 

OUTPUTS 

+6V •+6V 

+90mv 
266n 11411 

INPUTS 

' 20nh lOnh 
OUTPUTS 

I p = 20 mo I20mo 35n.mo F Ip.25mo I5 5lmo 
• " 

TUNNEL-DIODE AND GATE—Three cascaded 

monostables provide adequate gain for high-

speed computer and logic.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 370. 

47 
INPUT 

22 

10 

R, 100K 

0033 = .0033 = 

11 

C 3 
V-3 3 

470 

470 

12 AT7WA 

220 

TUNNEL-DIODE OR GATE—Uses two cascaded 

monostables.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 370. 

SELF-SETTING PULSE-PATTERN GATE—Picks 

out pulses transmitted at fixed repetition 

frequency, in presence of random noise, to 
improve reliability of ionospheric pulse trans-

mitter-receiver synchronizing link by factor 

of 50.—E. R. Schmerling, Self-Setting Servo 

Gate, Electronics, 31:3, p 71. 

12 AT 7WA 

220 220 
Le 

II 11 

C4 Cg 
4.7 V-33 

Clo Cie 
4.7 V-33 

_L 1.5 K i .01 

.0033 — 

11 

CI, 
V-33 

10 10 10 

470 470 470 

CR1 

1N281 - 

CR, 

IN1507 
47K 

10 

47 

150V 

10K 

C20 
10 

OUT PO" 

470 

10 

.01 .01 

GATING WITH VARICAPS AND TRIODES— (about 4 v) with two dual triodes and four resonance by gating signal.—Gating with 

Gives 100-db on-off ratio of 5.5-Mc signal, tuned circuits with varicaps in each. Tuned Varicaps, "Electronic Circuit Design Hand. 

using small-amplitude positive-pulse gate circuits are shifted from parallel to series book," Mactier Pub. Corp., N.Y., 1965, p 211. 
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SYNCHRONIZED GATE—Continuous train of 

pulses is applied to control grid of gating 

tube. When SI is closed, next pulse in train 

opens gate, then shuts gate after itself.—.I. K. 

Goodwin, Time and Pulses Control Gates, 
Electronics, 32:3, p 72-73. 

FROM 
PULSE 
GEN 

PNP SERIES-TRANSISTOR GATE—Circuit is or 

gate if closing of switch is an input. Circuit 

is and gate if opening of switch is an input. 

Provides phase inversion of input.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 176. 

COMBINATION GATE AND ONE-SHOT—Uses 

two four-layer switching diodes, and draws 

no current from source except during gate 
pulse. Can also be used as one-shot. Width 

of pulse depends on supply voltage and 

R5-C2.—R. E. Amsterdam, Gate/One-Shot Uses 

Four-Layer Diodes, EFE, 12:12, p 58-60. 

+ 200V 

L.9 TURNS NO.22 EN. ON 1/4" X 1/4 " FORM 

FREQUENCY GENERATOR 

+20V 

+10V 

NPN SERIES-TRANSISTOR GATE—Circuit is 
and gate if closing of switch is an input. 

Circuit is or gate if opening of switch is an 

input. Provides phase inversion of input.— 
"Transistor Manual," Seventh Edition, Gen-
eral Electric Co., 1964, p 176. 

"VVVV-

K X 1,000 
ALL TRANSISTORS 58100'S 

5.5-MC CRYSTAL OSCILLATOR GATE—Provides 
train of pulses to be read by 7-digit binary 

counter. Number of pulses in train depends 

on width of gate pulse received from gate 

amplifier, and is proportional to amplitude of 

data input pulse.—W. W. Grannemann et al, 
Pulse-Height-to-Digital Signal Converter, Elec-

tronics, 33:2, p 58-60. 

H 

OUT-
PUT 

91 

m o.I 

-20V 

G GATE 

 FROM ONE-SHOT LOGIC 

ONE-SHOT LOGIC CONTROLS TRANSMISSION 

GATE—Frequency generator, activated by 

negative pulse at A, generates 32-Mc burst 

in which number of cycles depends on input 

pulse width. Pushbutton-controlled one-shot 

logic allows diode transmission gate to pass 

first complete 32-Mc burst occurring after 

pushbutton is actuated, after which gate is 

closed. One-shot has sync connection to 

pulse generator.—V. Kenn, One-Shot Gating 

Circuit Generates Sinewaves fo, Testing 

Counters, Electronics, 34:23, p 114-116. 
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4.7K 

300 

PUMPED TUNNEL-DIODE LOGIC GATES— 
Shows method of interconnecting negative-

input positive-output gate with positive-input 
negative-output gate for high-speed com-
puter logic.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 370. 

130 

130 

AND GATE—Uses nor logic with inversion.— 
"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 179. 

e0.2 -20 0.2 - 2pf 

13011 

TD3I1B 

+3V 

NIPO GATE   

RI 
470 470 +VrrIOV 

1300 

TO 
PINO 300 
GATES 1-

+3V 

TD311B 

2N917 

1/2 - 3V 

PINO GATE 

DELAY 

470 470 
R2 

2NI304 

SINGLE POSITIVE PULSE GATES SINE WAVE 
SIGNAL—Two transistors act as balanced 

shorting switch, eliminating pedestal effects 
that normally necessitate dual-polarity gate 
pulses for analog signals. Positive 10-v pulse 

saturates both transistors, thereby grounding 

0.1 

BUFFER 

ZERO-CROSSING SWITCH FOR HEART 
SOUNDS—Active filter with three amplifiers 

provides output pulse for opening sliding 

Ro 
OPTIMUM RESPONSE — — 1.1 

Rb 

both output terminals to give isolation from 

input signal. Analog signal being gated can 
be as low as 5-mv rms.—L. E. Frenzel, Jr., 

Gate Circuit Eliminates Pedestal Effects, 

Electronics, 37:15, p 77. 

C.F. GAIN-. 0.92. A 

SECTION I 

gate at instant when heart so 

monitored is zero. Filter has s 

above highest-frequency heart 

K. X 1,000 

OUTPUTS 
TO NIPO 

SECTION 2 
und being cps).—R. Weiss, Heart-Sound Discriminator 
harp cutoff Simplifies Medical Diagnosis, Electronics, 

sound (600 34:24, p 52-55. 
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150V 

TIME-CONTROLLED GATE—Pentode gate is 

controlled by period of astable mvbr. Gate 

is closed when VIA is conducting; when SI is 

closed, mvbr opens gate for period deter-

mined by CI-R1.—J. K. Goodwin, Time and 

Pulses Control Gates, Electronics, 32:3, p 

72-73. 

INPUT 

MVBR CONTROLS BILATERAL GATE—Q1 and 

Q2 are part of saturated multivibrator, and 

DI with RO form gate that permits output 

when Q2 turns on and blocks DI. When Q2 

turns off, DI and QI clamp output close to 

ground.—S. H. Tsao, Multivibrator Controls 

Single-Diode Gate, Electronics, 39:15, p 101. 

GR 
UNIT 

PULSER 

e150 

1K 

10K 

"NOR" GATE TO OTHER NOT AND 

"NOR' GATES GATE 

10K 

PHASE INVERSION WITHOUT INVERTERS— 

Used to achieve and and or functions from 

same circuit. Base resistors ease requirements 

for saturation voltage and base input volt-

age.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 177. 

tfeuT 

EMITTIR FOLLCMIR 

X2ATT 

PHANIASIRAN DELAYED GM 

DELAYED GATE—Addition of four parts to 

phantastran (solid-state phantastron) gives 

gate at end of sweep for use as delayed 

signal. Width of delayed gate is function of 

maximum sweep amplitude, up to limit of 1 

microsec width.—G. Marosi, Phantastran De-
layed Gate, EEE, 13:7, p 42-44. 

2.2K 

50 

TRIGGER 
IN 

TUNNEL DIODE-TRANSISTOR GATE—Combines 

high switching speed of tunnel diode with 

isolation properties of transistor. Rise time 

of gate is 0.7 nsec. Clock rate can be at 

least 500 Mc.—R. W. Lade, Logic Combines 

Tunnel Diodes with Transisgors, Electronics, 
34:9, p 46-47. 

45n SEC 
30 FT—RG8U 

DELAY 

CABLE 

SCOPE 
IN 

15v 

'50 

()ELAM) 
Our 
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114 

BIAS 2K 

R1 100pF 

R5 

2K 

100p F 

Li 
Ci 

1N2939 

GATE 
IN 

C2 

WI 

W2 

CLOCK 
IN 

R3 
220 

OUTPUT 
GATE WITH TAPPED TORO1D—Arrangement 

of toroid windings minimizes number of com-

ponents in a-c bridge used as computer gate, 

while keeping gating pulse out of output. 

R3 adjusts balance. Bias is adjusted for sta-

ble switching.—F. W. Kantor, Tunnel-Diode 

Gate has Subnanosecond Rise Time, Elec-

tronics, 35:15, p 62-64. 

— 18v 

+10V 

NPN NOR GATE—Circuit is or gate if closing 

of switch is an input. Circuit is and gate if 

opening of switch is an input. Provides 

phase inversion of input. If both switches 

are open, both transistors are nonconduct-
ing. When either switch is closed, output 

is negative, or not or, because of phase in-

version, and circuit is therefore nor gate.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 176. 

IX 1.0pFD 
ANALOG0--vw---1 
INPUT 

30K 
+6V 

DIGITAL 
INPUT 

POSITIVE TRANSMISSION GATE—Is equiva-

lent to digitally controlled analog switch, for 

frequency range of 8 to 650 kc. Output 

signal never passes through active device, 

hence is not attenuated, distorted, or de-

TIXS41 Vo,,, 
 o 

10 Ku Q. 
+ 6 vi  
0v—' L ' 2N3703 

10 K» 

-t 6v 

20 Ku) 

FET ANALOG GATE—Series connection of 

chopper-type fet permits high-accuracy ana-

log switching. Resistance of 02 when on is 

only about 20 ohms, and drain gate leakage 

current is less thon 0.1 nanoamp.—Six More 

Semiconductor Advances From TI (Texas In-

struments ad), EEE, 14:8, p 120-121. 

-6V 

10K 

2N404 
I8K I 

j 
SIMULATEDI 

LOAD I 

Kr X 1,000 BIAS+ 

CI 
CLOCK IN 

(LOW 100 pF 
IMPEDANCE) 

GATE IN 
(LOW 
IMPEDANCE) 

C2 

R2 

200 

OUTPUT 
(H IGH IMPEDANCE 

> 1,000) 

FAST-READOUT MEMORY—Voltage-divider 

version of tunnel-diode gate is used with 

toroid to give extremely fast readout, for 
use with computers having clock rates above 

500 Mc. Tertiary winding cancels gating 

spike.—F. W. Kantor, Tunnel-Diode Gate has 

Subnanosecond Rise Time, Electronics, 35:15, 

p 62-64. 

OUTPUT 

layed. Will pass a-c signal with zero aver-

age value. Ratio of on voltage to off volt-

age is 420:1 (4.2 y p-p to 10 my p-p), for 

isolation of 54.5 db.—V. A. Bloom, Positive 

Transmission Gate, EEE, 10:9, p 26-27. 

BASIC NOR GATE—Transistor conducts heav-

ily if any of inputs is raised from 0 to + 12 v. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 178. 

GATE 2 K A CLOCK 

IN R2 IN 

(LOW 
IMPEDANCE) 

Ci 
100pF 

BIAS 

LEAD 
INDUCTANCE 

OUTPUT 

K.X 1,000 

IN 2939 

200 

TUNNEL-DIODE GATE—Impedance of tunnel 

diode is part of voltage divider, eliminating 

need for a-c bridge in gate operating above 

500 Mc.—F. W. Kantor, Tunnel-Diode Gate 

has Subnanosecond Rise Time, Electronics, 

35:15, p 62-64. 



CHAPTER 40 

I I-F Amplifier Circuits 

1 

Stueld Cn 

PULSE NPUT 

GATE INPUT 

30 
MC 
INPUT 

7 

390K 

0.1 

5011 
Source 

C, L 
**-

C2 

Qi.2N2996 

CbC2 60-140pf 

C3,C4 ..001uf 

C5. 2-30p f 

C6.10pf 

C6 

C3 

ri» 

R1 

T 1 

C4 

Co.3.9pf 

RI. 2.7 It 

R2.1.0 k 

L1.0.06uh 

TI 5 Turns 

70-MC NEUTRALIZED—Designed to give max-

imum power gain in single stage while main-

taining good stability. Noise figure is less 

1.000 pF 1,000pF 

VI 
6AS6 

e 

GATE 
CUTOFF 
A D3 

1,000 pF 100 

PULSE 
CUTOFF 
ADJ 

1,000 pF 100 1,000pF 

PULSED-GATED 30-MC I-F—Control signals 

are fed to suppressor grids of early amplifier 

1000 pF 

C5 

- Vcc 

5011 
Load 

No. 516 our dux tapped 4T from collector 

than 3 db with power gain of 27 db.— 

Texas Instruments Inc., "Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 313. 

100 pF 

100 1000 pF 

1,000 pF 

GAIN 
CONTROL 

100 
150 V 

stages, to generate groups of i-f pulses for 

simulating radar scanning or for testing tran-

+150 V--"V\A•  
100 1000 pF 100 10° 1000pF 

4.7K 2.2K 4.7K 5.6K 

1,000pF 1,000pF ,000pF 

1,000pF 

OUT 
PUT 

sient response of i-f circuits. Bandwidth is 

1.2 Mc.—C. D. Rasmussen, Suppressor Gating 

for I-F Amplifiers, Electronics, 34:34, p 62. 

281 
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3N35 

1.5-7 pf 

I 

4-30 Pf, 
16K 

820 pf 200K 

.Zut 

—20V 

60-MC TETRODE I-F—Use of 3N35 gives ex-

cellent agc characteristics. Stage gain is 12 

db.—Texas Instruments Inc., "Solid-State 

IN 

I-F TUNING WITH DELAY LINE—Circuit gives 

Q of 285 at 500 kc, and is tuned by adjust-

ing delay time. Can be used in any system 

where high gain, high Q, and stability ore 

needed.— I. F. Barditch, Delay-Line Controls 

Tuned Amplifier, Electronics, 33:31, p 108. 

INPUT 
FROM 
MIXER 

0.1 

r.-

--- 0.1u F 1K 

1,000 p F 

MEG 

 IF-

— 820 pf 

+ 20V 

8IAS POINT: Vcc = + 20V 

IE = —1.3ma 
182 = — 1000a 

TYPICAL INTERSTAGE TRANSFORMER: 
L, = 1.36uh 
L2 = 0.240 

k 0.43 

Communications," McGraw-Hill, N.Y., 1966, 

p 311. 

+ 300 300 

0.001 
1/2 12A X 7 

22 K 
150 

25 K 
100K 0.047 

47K 

200e 0047 

22K 

OUT 

IN —Névv--

AMP OE LAY AMP —e-- OUT 

  AUDIO OUTPUT 

K X 1,000 

13 

PHASE- SHIFT TRANSFORMER 

0.1uF 

µF 100 •-/•.1— 1 0 
0.1 —1— • 

F 

+9V) 

TWO-CHIP LOW-COST STRIP—Detector and symmetrical limiting over wide input volt- Cost F-M Receiver, Electronics, 39:16, p 133-

10.7-Mc strip give 95 db gain. Differen- age range. Audio output is 220 mv.—R. L. 138. 

tial amplifier in both RCA chips provides Sanquini, Integrated Circuits Make A Low-
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- 3_ 

I-10pf 

47(  

BNC 

22K 

2N3570 

rfc 

0.001 

0 001 

E l 

47011 

0001 

2N3570 
47pf 

22K 

0.001T 

47K 

n + 

GROUNDED-GRID STRIP—Six-stage low-noise 

60-Mc i-f strip amplifier, using microminia-
ture ceramic triodes, gives 75-db overall gain, 

1.7-db noise figure, and 6.5-Mc bandwidth. 

First stage is cascade and other five are 

grounded-grid triodes.—J. W. Rush, Designing 

Grounded-Grid Amplifiers with Controlled 

Gain, Electronics, 33:52, p 50-53. 

MIXER 

40db 

•  

15V 

4.7K 

0001 

4700 

0001 

o- - 

500-MC STAGGER-TUNED I-F—Slight stagger-

ing in two stages gives excellent stability, so 

circuit will not oscillate when either source or 

load is open. Bandwidth is 90 Mc for 1 db 

down and 110 Mc for 3 db down, with mid-

band gain of 21 db. Draws only 7 ma at 

15 v.—Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, p 

315. 

BNC 

+140V 

7;0.001 0.001 -+-0.001 

7462 7462 7462 

IN 

25db 

BIAS 
  OR 

AGC 

ST IF 2ND IF 

TO AGC CIRCUITRY 

MILLER 9—C2 or EQUIV. 
IIK TO 10K 
FOR MATCH 

I(OPTIONAL) 

500 TO 
HIGH-IMP (> 10K) 
AUDIO CIRCUIT 

NOTE: 

CERAMIC FILTER: US SONICS A10019C OR EQUIV. 

OPTIMIZED LOW-DISTORTION I-F AMPLIFIER 

—Provides 0.5 y audio from detector, with 

3 db of control with agc. Volume control is 

diode detector load resistor. First i-f stage 

uses ceramic filters for sharper bandpass 

characteristic.—W. Rheinfelder, Using Tran-

sistor Signal Handling Curves in Receiver 
—12 V Design, EEE, 14:6, p 62-66. 
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9- C1 

COLLECTOR 
SUPPLY 

9-C2 

E 

BIAS 
SUPPLY 

SINGLE-TUNED FINAL I-F—Circuit is example 

of optimum design based on use of tran-

sistor signal-handling curves. Transformers 

are single-tuned.—W. Rheinfelder, Using Tran-

sistor Signal Handling Curves in Receiver 

Design, EEE, 14:6, p 62-66. 

THIN-FILM LOG I-F AMPLIFIER—Translation 

amplifier limits bandwidth at input, while 

video emitter-follower matches 10-v output to 

load. All seven log i-f stages use thin-film 

circuits.— R. Leslie and T. Townsend, Inductors 

No Problem: New Thin-Film Amplifier, Elec-

tronics, 36:23, p 46-49. 

+I2V 

20 
I-F 
INPUT 

TRANSLATION 
AMPLIFIER 

500 
SOURCE 2N2415 \\ 

TI20T470 

820 

UNLESS OTHERWISE NOTED: 
RESISTANCE VALUES IN OHMS , CAPACITANCE VALUES IN PF. 

1ST 
LOG 
I—F 

C5 
vcc 

VE8 (SEE FIG. 34) 

Ci=5.3 — 102 pf Li 31 = 14 WIRE 1/2" DIA; = 0.25 oh 
C2=3.7 — 52 pf L2 41 = 610 AIR DUX (OR EQUIV.); = 0.35 uh 
G3401 uf TAPPED APPROX. 1 TURN UP FROM BOTTOM 
C3 7 — 52 pf Gi IS ADJUSTED TO GIVE DESIRED VALUE OF R. 
Cs.0.0111f •4th LEAD GROUNDED. Ri = 1K 1/2W 
C641.0101 BIAS POINT. —6V 1, (SEE FIG 34) 

70-MC LOW-NOISE I-F—Noise figure ranges 

from 2 to 4 db depending on generator re-

sistance and emitter current. Power gain 

is 24 db.—Texas Instruments Inc., "Solid-

State Communications," McGraw-Hill, N.Y., 

1966, p 312. 

50 
C6 LOAD 

IF 
OUTPUT 

(2) 
2N87I 

-6V 

(z) 

VIDEO 
I STAGES I -r 12° 820 470 12,700 2,700 OUTPUT 

2 

THROUGH ' 
I 6 

I2V 
7TH VIDEO 
LOG 
I—F 

+ 12 V 

EMITTER 
FOLLOWER 

I-F WITH LOW-PASS FILTER-- Cutoff frequency 

of signal-channel amplifier for frequency-

measuring spectrum analyzer is 15 cps with 

RC filter as shown and 125 cps when switch 

grounds lowest filter lead.— C. W. Wilson, 

Phase-Locked Marker Improves Spectrum An-

alyzer's Accuracy, Electronics, 39:3, p 88-92. 
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LOW-OUTPUT-IMPEDANCE I-F—Can provide 

impedances as low as 2 ohms and low 

noise figure, to take advantage of superior 

noise performance of backward diodes as 

mixers and detectors while overcoming their 

very low impedance at intermediate frequen-

5011 
SOURCE 

058 uh 2300 pf 
2N2188 

-25V 

cies in range from 1 kc to 100 kc. Used in 

continuous-wave doppler rodar systems.— 

R. O. Wright, New Twist for Backward Diode: 

Help from Low-Noise Amplifier, Electron-
ics, 39:14, p 74-77. 

T1 
NI — 10 t = 30 wire 
N2 — 3 t = 30 wire 
BIFILAR WOUND ON 
CIC PIS 62011/20063 D 
COU FORM 

30-MC I-F USING 2N2188—Circuit includes 

L-section to give generator resistance of 350 

ohms from 50-ohm source. Power gain is 

13 db, noise figure 4 db, and bandwidth 5 

Mc.—Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 

p 309. 

10 pf 

50 a 
SOURCE 
0 02pf 

@H 
45 
380 p f 

eiN 

45 MC 

IF STAGE 

45-MC CASCODE FET—Operates without neu-

tralization, giving 20 db power gain and 
6-Mc bandwidth.—Cascode with FET's (Sili-

conix ad), Electronics, 39:2, p 109. 

+ 10V 
0.020fe  

2N24I 

RFC 
22ph 500(2' 

0 02pf 
— VE (SET FOR 15ma) 

30-MC I-F USING 2N2410—Single stage gives 

power gain of 16 db, permitting use as final 

stage of i-f strip.—Texas Instruments Inc., 

"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 308. 

L1, 1,8 -3.5 µh 23 turns #36 heavy Formvar closewound on Cambion LS-9 form 

1,2, L4, L6 .0.53 ph 9 turns #36 heavy Formvar space 1/6Z' apart on Cambion LS-9 form 

L3, L6, L7-5.3 µh 29 turns #36 heavy Formvar closewound on Cambion LS-9 form 
L9-L14 -15 ph rfc 

50 CI 
LOAD 

12 v 

30-MC I-F STRIP—Gain is 70 db for 3-Mc 

bandwidth, using 2N1405 transistors. De-

sign equations are given.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 276. 
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I-10pF 
INPUT 

RFC 
50µH 

300 
03 

256514 
9V 
50K 

10-MC SUPERREGENERATIVE I-F-Grounded-

base oscillator Q1 is self-quenched at 25 kc. 

Quench wave is amplified by Q2 and de-

IN 

12µH 

10 MC 

25KC / 7500F 

/0.005 
•  

COMPLETE SHIELDING IS DESIRABLE, 

TI,T2F3 WOUND ON FERROXCUBE CORE 
TYPE 7F-160 PRIMARY WINDINGS t00 TURNS 
NO.40 HE WIRE ' SECONDARIES 200 TURNS 
WITH CENTER TAP. 

1 
720KC 

100 1 ' 
;9v 

AFC LINE 

-20V 

SYMMETRICAL LIMITING RADAR I-F AMPLI-

FIER-Four-stage i-f using silicon planar epi-

taxial transistors gives 35 db suppression of 

second harmonic for input of 0.3 to 30 mv. 

With one more stage and resistor RM across 

ri5 

tected in modified Travis discriminator T2-1.3. 

Afc voltage developed at discriminator is fed 

back to Q3 to maintain emitter current of Q1 

200 1 

feedback diode, total phase shift is less than 

25 deg.-R. F. Kirkpatrick and R. C. Stouffer, 

Symmetrical Limiting 1-F Reduces Second 

Harmonic, Electronics, 37:12, p 72-73. 

C4 

at required value for quench rate.-N. H. 

Brown, Improved Superregenerator has 

Quench Converter, Electronics, 35:38, p 53 

8+ 

VIDEO I-F USES FRAME-GRID 6GK7-Negative 

voltage on suppressor controls gain of dual-

control sharp-cutoff pentode. Cathode cur-

rent is independent of agc, and control grid 

bias automatically adjusts to prevent modula-

tion clipping.- L. Solomon, New Tubes and 

Circuits for Consumer Electronics, Electronics, 

36:2, p 47-49. 

UHIELD Cg C11 

I )1T)Fe C  

T 8 
\ à L3 L4" 

17 

C13 L6 E 7 

-I2V 

Q1,2: 2N2996 
Li, L2,L3,14 . 2 1/2 TURNS # 30 WIRE ON CAMB1ON 

LS9 COIL FORM ( ADJUSTED TO RESONATE WITH 3Ipf AT 105mc 

L.6,L6 . 3.3h 

L7. 0.07ph 

R4, R5 3K 

R3,R6.1.5K 

105-MC I-F WITH 2N2966-Proper loading power gain in two stages, with bandwidth 

gives good stability while providing 38 db of 8 Mc and noise figure of 2.5 db.-Texas 

1 
/77 

C1. 250pf 

C2,C7, C12 , C13,44.1000pf 

C3,C5,4,C10.9-35 pf 

Cri,Cg. I 3- 5.4pf 

C6.1 5-20pf 

CI l' I°Pf 
C15.9-1800 

C16,47.10000 

Instruments Inc., "Solid-State Communica-

tions," McGraw-Hill, N.Y., 1966, p 314. 
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2N2189 30±51 
0.02 

100 

E. 6.811 331{ 

-10V 
\IN 

DESIGN DATA 

-r 
N, 

002 

MI\ — 10V 
T, I, and 

N, 30 TURNS 
6 TURNS 

. 3 TURNS 
BIFILAR UNIVERSAL WOUND USING . 40 GRIPE/E 
WIRE ON AN E, R. TRANSFORMER FORM 3013801 

2N2189 30±51 

-10V 
C.\ M \-1 

112 
2N2189 30-51 

i 0.02 

 • "-\ 11( 

68K 

‘11 

ALL RESISTORS ARE 10% TOLERANCE 
ALL CAPACITANCE VALUES LESS THAN I 0 ARE IN pf 
ALL CAPACITANCE VALUES GREATER THAN I 0 ARE IN pf 
'THIS RESISTOR REQUIRED TO GIVE CORRECT 
UNLOADED Q 

3 

5100 

- 10V 

4000 

5.5-MC I-F-Three germanium transistors give Instruments Inc., "Solid-State Communica-

power gain of 62 db with noise figure of Rions," McGraw-Hill, N.Y., 1966, p 307. 

only 4 db for bandwidth of 0.18 Mc.-Texas 

COLLECTOR 
SUPPLY 

BIAS 

CERAMIC-FILTER I-F STAGE-Article covers 

design procedure using transistor signal han-

dling curves. Collector resistance is used to 

minimize drift.-W. Rheinfelder, Using Tran-

sistor Signal Handling Curves in Receiver 

Design, EEE, 14:6, p 62-66. 

0.02 30 

— 10v 

0.02 

0.02 30 

- 10v 

60-MC SILICON TETRODE STAGE-Used in 

eight-stage strip having identical stages 

except for input and output, whose trans-

formers are designed for driving and load 

resistances. Transitionally coupled double-

2N2189 

6.8K 0.02 

0.02 1 K 

5.5-MC THREE-STAGE GERMAN UM-Mid-band 

gain is 60 db and 3-db bandwidth is 200 kc. 

Interstage networks consist of single-tuned 

transformers with collectors tapped down on 

— 10v 

2N2189 

<> 6.8 K < 

T°°2 1 

— 20v •+20v 
tuned interstages are used, with 5:1 mis-

match providing stability and ease of align-

ment along with stage gain of 12.5 db.-

Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 292. 

0.02 30 

— 0.02 

1 K 

510 

— 10v 

2N2189 

0.02 

=.• 

primary.-Texas Instruments In ., "Transistor 

Circuit Design," McGraw-Hill, N.Y., 1963, 

p 294. 

400 
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FROM 
MIXER 
PLATE 

MK 
INPUT 

TO 
LIMITER 
GRID  
t 

T7T 

12.6V 

MOBILE I-F-Two 455-kc i-f stages provide 
gain of 20 per stage and average band-

width of 12 kc.-C. Gonzalez and R. J. Nel-

son, Design of Mobile Receivers with Low-

Plate-Potential Tubes, Electronics, 33:34, p 

62-65. 

AUTOMATIC 725 
( EXO - 3926) - - 

1 

Km< 

2N293 

AUTOMATIC 725 

+9V 

SINGLE-TRANSISTOR I-F AMPLIFIER-Designed 
for broadcast-band transistor radio. Neu-

tralization is unnecessary with 2N293 rate-

grown npn transistor used.-"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 285. 

GROUND 

1-F INPUT 

R2 
1,000 

C1 I R4 

1,000pFT 820 

500S1 
OUTPUT 

C3 

27pF p2 

Qi 2N87I 

2N9I7 

R3 

C4 
1,000pF 

R5 
100 

LOGARITHMIC THIN-FILM I-F AMPLIFIER-Un-

tuned stages eliminate need for inductors in 

60-Mc log i-f module while giving gain of 10 

0.001 mf 

1-7 1:1 C1 
SOURCE 

NU VICTOR 
7587 

62Si 

+ VC C 

Ci - ARCO 465 (50 380 pf) 
L. - 5 6th RFC 
L? = 004 th 111 TURNS 4ii" ID 

=20 WIRE SPACED 
APPROX 2 WIRE DIA s 

BIAS POINT Vc€ -= 5v 
= 5ma 

60-MC I-F WITH 2N743-Silicon epitaxial 

transistor has unconditional stability at this 

frequency, simplifying alignment. Gains up 

to 16 db per stage are possible with con-

jugate match at output. Noise figure is good. 

-Texas Instruments Inc., "Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 311. 

›K 

0.010 
B+ 125 vdc 

-.t-
7.r 

LOW-0 22-MC I-F DESIGN-Article gives de-

tailed design procedure, with example 

worked out for 480-kc bandwidth and gain 

of 92 db. For high-Q stage, 1.1K load re-

sistor is changed to 12K.-J. F. Klarl, A Sys-

tematic Approach For Designing IF Ampli-

fiers, EEE, 12:3, p 40-44. 

I F OUTPUT 

VIDEO OUTPUT 

EXTERNAL RESISTOR 

C6 

1,000pF 

6V 

I2V 

db.-R. Leslie and T. Townsend, Inductors No 

Problem: New Thin-Film Amplifier, Electronics, 

36:23, p 46-49. 



CHAPTER 41 

Infrared Circuits 

_L 

COMPENSATOR El 
10 

BOLOMETER 

ACTIVE n 
FLAKE 1_,J 

II 

CI 

55 

55 RI 

10 K 

-24 V 

0.05 

6 

2N543 

- OUTPUT 

10 

22 K 

24 V 

BOLOMETER AMPLIFIER AND DETECTOR—Used satellite. Zener diode DI provides low-im- detector.— F. Schwarz and W . Chou, Tiros 

in infrared horizon sensor of meteorological pedance constant-voltage source of bias for Weather Satellites, Hectronics, 34:39, p 136-137. 

13 CPs AMPLIFIER 
AND DEMODULATOR 

VI201A 
12AX7 

13 CPS INPUT 1.C1201 45751 

(FROM PREAMPLIFIER) 

R1201 
2.2 MEG 

RESISTANCE IN OHMS. 

CAPACITY IN MICROFARADS. 

(UNLESS OTHERWISE DESIGNATED) 

ATTENUATOR 

115V. 

60 CPS 

L1131.T. 

11.0 
C801 

TWO PHASE 

SERVO MOTOR 

MODULATOR AND 
60 CPS AMPLIFIER 

RI107 
47K 

2.2 MEG. 

+240V. REGULATED 

RI202 
470K 

CI202 VI20113 
0.1 I2AX7 

i-5751 

C 1203 

RI205 
0.5 MEG. 

R1203, 
2.211 

60 CPS 

RI204 
47011 
C 204 VI202A 

0.1 I2AU7 

¡5814 

RI203 

Rr207 R1212 
47K 15K 

C1207 V12028 C1209 
100K .047 I2AU7 

1¡ 5814 7  

RI209 ' 
1 MEG 

RI208 

CI206 
.047 

RI206 
2.211 

RI221 
1 MEG. 

0.22 
 41  

CI208 
0.22 

1.5K 
RI210 
I MEG 
RI214 

251E RI220 

  T1101  

vuo213 V1102A 
C802 v1103 

.15814 5814 

12AUT 12AUT 

RI109 

R1106 
220K 

C1104 
.022 

.0047 
r.:C1105 

L5K 
R1105 

+240V. REGULATED 

.0047 
CI103 

1.511 
RI103 

RI102 
2201E 

viicem CHOPPER 

¡5751 \ 

12AX7 4 I 

.04 / s•-t_ 
CI101 — 

2.2 MEG. I 
RI101 I 

111215 
100K 

V1204 
-1 r 

R121i -1 
SOK 1 I 
ZERO I,ACILJUST. 

5 

-J 

RI217 R1218 
82K 100K 

FILTERED 
DC 

I3CPS BALANCE 

UNFILTERED 
DC 

RESPONSE FILTER 

( MISC. CHASSIS) 

OPERATE r 
TEST f 

13 CPS 

REFERENCE 

VOLTAGE 

— 1 

TEST 
SIGNAL 

INFRARED ANALYZER—Circuit shows phase- uring amount of infrared energy néesorbed radiation unbalance and restore null.— G. C. 

sensitive demodulator, 13-cps amplifier, and by component of interest in flowing sample Carroll, Industrial Instrument Servicing Hand-

modulator of servo system used in Perkin- of industrial process stream. Servo motor book, McGraw-Hill, N.Y., 1960, p 8-51. 
Elmer Tri-Non triple-beam analyzer for meas- turns variable null-path attenuator to cancel 

289 
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4.7K 

here consists of positive-going pulse from 

channel 1 and negative-going pulse from 

channel 2, with distance between pulses in-

0.01 

IR WIDTH GAGE AMPLIFIER-Amplifies signals 

from two amplifiers, and combines them 

at second triode of V4 for translator. Signal 

0.1 

P bS 

42K PREAMPL 

10K 25 10K 

Vv*. -
4.7K 

47 K 
0.01 4 

150K 

4.7K 27K 

EIN54A 

470K 4.7K 3.3K 750- CPS FILT  

500K CK 22 

=15y SG22 

27K 

0.25 

100K 

16 

AAA 

°-1 

r: 0.02 

0.1 

6SN7 

4.7K 

M 10K 

10K 4 7K I M 
I M 

+250 V 

AGC TO 
PREAMP 

6SN7 

iM 

IM 4.7K 

e 

TRANS,ATOR 

—0 
J-

"(egg 
Kexcr 

AGC TO 
PREAMP 

T 
4.7K 

dicating strip width.- F. J. Dunks, Infrared 

Gage Measures Hot Steel Strip Width, Elec-

tronics, 33:43, p 65-67. 

AUDIO AmPL MOD POWER STAGE 

o 

1 

180K 

o. 

8.2K 

2N527 

8.211 

5622 

680 
56K 680 

740 $622 

3.711 

Ill 

2N527 

82K 

2.7 
0.039 0.039 

/I " 11 
15 K 
vv  

/2.2M 

750- CPS 
OSO 

4.7K 

INFRARED COMMUNICATIONS TRANSCEIVER 

-When push-to talk switch S6 is closed, 

amplified microphone signal modulates in-

frared output of tungsten lamp. Lens gives 

S4 

----o 
TONE M IC 

-12 V O  

- 6 V ce—oo-
S2 

COM MON 0  

I It 
ii  

I i 
1 

/ 14 

LAMP 
VOLTS 

o 
S 

330 

100 

2N527 

82 

2K 

2.7K 

120 

18K 

2N527 

H200E 

1 

1 K :> 
REC 
VOLUME 

510 

TO 
HEAD-
PHONE 

220 

27 

TR-113 

22 

100 

REC OUTPUT STAGE 

NOD CELL 
 1 

BLOWER 
MOTOR 

LAMP 

MIRROR 
SOLENOID 

11,000 

1° beam. When switch is released, lead sul-

fide cell picks up radiation from another trans-

ceiver, for driving speaker or phones through 

audio preamp and audio amp.-P W. Kruse 

and L. D. McGlauchlin, Solid-State Modulators 

for Infrared Communications, Electronics, 

34:10, p 177-181. 
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PRE AMPL HEAD 

r— 

BOLOMETER 

900K 

1 M 

90K 

9,000 

1000 

METER 
RANGE 

PHOTOCELL 

5M 

TEST SIG 
TEST 
SIG 

SWITCH 

X1,000 

I2AX7 

1 100K 

e100k 

2.5K 

330 K 

150K 220 K 

DETECTOR SELECTOR 
— SWITCH — 

6.3 VAC 

12AX 7 

ell() V 
60 

100K 

— 7 

SIG 
OUT 
4 

SG 
OUT 

50K 150K 

0.1 30; 

+240V 

BANDWIDTH 
SWITCH 

8.2K 

0_1(0.0022  

0-1(0.01  

0.331( I (° 
.1  

(1  

0.1 0.1 30 

50K 150K 

100K 100K 

12AX7 

82 K 

- - 1/2 
12 AX7 

1100 K 

MONOCHROMATOR PREAMP—Used in scan-
ning missile plumes to identify missile. Input 

may be either multiplier phototube or lead 
sulfide detector covering range from 0.35 

micron in visible spectrum to 2.9 microns in 

infrared. Bias for lead sulfide detector is 

provided by 5651 regulator across plate 

supply. Test voltage is fed to cathode of 

first stage for gain calibration.—J. N. Day, 

Jr., Spectrometric Analysis of Missile Flights, 

Electronics, 33:21, p 86-88. 

470K 1M 

100 K 100K 

1N457 

100 K 100K 
1N457 

INFRARED POWER MONITOR—Output of in-

frared signal generator is monitored by 

two-thermistor bolometer, low-noise nuvis-

tor preamp, and synchronous detector driv-

ing multirange meter, all operating from 

two highly regulated power supplies.—A. 

+250 

OUT 

RETURN 

+250 

5755 
3.3M 10M 4.7K 

5755 

I.5K I.5K 

2.5K 4.7K 

  250 
 +28 

Glaser, Signal Generator for Infrared Re-

gion, Electronics, 35:8, p 40-43. 
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+ 250V 

4.7K 

LENS 
FILTER PHOTO-

CONDUCTIVE 
CELLS 

D2 

AGC 
IN 

22K 
CHANNEL I 

500K 

e 22K 
0.0001 

0.0005 
vif H-

12A17..--f  

0.005 

DI 

e-.• 

IK 

IK 

IN 34* 
D2 a 

22K 

V2 
6 SN7  

100K 

- I I--

100 

r. 2 
22K 

0.0001 

TO MAIN AMPL 

AGC 
IN 

22K 

82K -1500K 

CHANNEL 2 2 

0.005 

IR WIDTH GAGE PREAMP—Resistance of 
photocell Dl drops when hot steel strip 
passes, producing negative-going pulse that 

is amplified, differentiated, clipped, and dif-
ferentiated again by DI. Signal through 

channel 2 is similar except that first pulse 
is unwanted. Second pulse, representing strip 

C)2N78 

Q  2N78 120K 2 

DETECTOR a PRE-AMPLIFIER 

0.02 

750 

18K 270K 
270K 0.005 0.25 

24K 

= 22-1/2V 

3K 

118K 
0.005 0.25 

2N35 
05 

5K 50K 5K 50K 
I5K 47K 

500-1,000 CPS 
=. -= FREQUENCY SET 

0.05 TUNED AMPLIFIER 

 R  

I5K 

2N34 
014 

2N35 
015 

CHOPPER SECTION 

ALL-TRANSISTOR INFRARED RECEIVER—Addi-
tion of four-diode bridge and associated 

circuits converts communications receiver to 
radiation-measuring device. Normal modu-

2N34 
013 

HL 
K'X 1,000 

220K 1.5K 

8 
2NI38 
012 

RFC 

250,tp.F 

edge, is selected by reversed polarity of D3. 
Both signals are fed into cathode followers 
D2 to provide low-impedance drives for 
shielded cable- to main amplifier.— F. J. 

Dunks, Infrared Gage Measures Hot Steel 
Strip Width, Electronics, 33:43, p 65-67. 

DISCRIMINATOR 
IN 298 

270K 
TO 
AUDIO 
AMPL 270K 

470K 

IN298 

270K ≥ I8k 

2N35 
6 

471.y.F 471.1.p.F 

IN298 

5.1K 10K 
2NI38 
a II 

M/V SHAPERS 

lotion is taken from conventional diode dis-
criminator. Applications include communi-

cation with space vehicles. Range in space 

is unlimited.—W. E. Osborne, Infrared Com-

IN298 

IN2%8 

470K 

5K 
0-501.1A 

220K 47K 
2N138 
Q10 

200K 
75 SYNC 

2N34 
09 

9v= 

9V= 

OSCILLATOR 500-1,000 CPS 

munications Receiver for Space Vehicles, 
Electronics, 32:38, p 38-39. 
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iRi ; R2 R6 
560K e 270K 110 K 

C2 
01 0.22µF 
2N930 U— CI 

0.221.1.F 

G- 1(  

FILTER 

PbS 
• 

INFRARED 

relay resets parking meter to zero when when parked car is started.—W. E. Osborne, Meters, Electronics, 37:32, p 72-74. 

R3 
r 2M 

R5 

910K 

¡R 7 

R4 
4.7K 

270 K 

2N930 

82K 
C4 
1µF 

0.001=.. 
p.F 

+ C8 
;`.., 6.2 

03 

2N930 

R 14 

27K 
C6 

fl.µF 

2N930 

-%457 

R 12 

R13 Cg + R Cœ 6.2 16  6.2— 
2M 

1M »FT 2m. µF. 

R19 

0.5M 

R17 

370K 

C12 

)1 0.0 01/4. 

R22 
1M 

(4 

R2I 

.4100K 
.  e 
D3 

N457 

D2 

1N457 

C13 
0.022µF 

R20 
10K 

05 
3N81 

C14 -1-0.022µF 

•--i 

9-12V 

FIRING 
CONTROL 

HOT-ENGINE DETECTOR— Output lead sulfide detector senses heat of engine Farewell To Free Time On City Parking 

+4V 

VIDEO IN ) 

100 

L, 
1.95 rnh 

TORO ID 

390 

68 

Hi-
820pF 

2NI132 

180 

Li 0.01 130 

200 

FIVE 2NI132 
PLUG-IN 
TRANSISTORS 

2N697 

2 

OSCILLATOR 

1.1 20KC 

—Cl 

01 

2N930 

C2 

0.002µF 
FILTER 
r---

Í..\ 

TRIGGER 

VIDEO-
MODULATED 
IR OUTPUT 

TV ON INFRARED BEAM—Forward-biased gal-

lium arsenide diode converts video input sig-

nal to video-modulated infrared radiation 

with up to 85% efficiency.— R. H. Rediker 

et al., Gallium-Arsenide Diode Sends Tele-
vision by Infrared Beam, Electronics, 35.40, 

p 44-45. 

SWITCH 

390K 

C3 
470pF R6 

100K 

02 

2N930 

5K. 

C5 
0.001/.LF D2 

1N457 

R10 1 
100K 4 

Ki 

10-20K 
RELAY ' 

R5 

6.8K 

C4 
0.33 

R7 4 

470K 

D, 
1N457 

R8 

110K 

C7 

C6 0.022 
0.022 

FT T 

03 
3 N 81 

R9 

10K 
,F*-0%/0.—• 

r1,2 _ CB 

9,1 -70.00311F 
FIR NG 
CONTROL 
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56 K 100 K 20K 0,25 50 K, 

FROM 0.05 
MAIN 
AMPL 

OK 

6SN7 

7 

0.00005 

100 K 100 K 

v 

IR WIDTH GAGE TRANSLATOR—Combined 

signal output from main amplifier of in-

frared gage triggers bistable mvbr V7, out-

put of which is rectangular pulse whose width 

FOR LOW Z INPUT 
(REM. In3b) 

418 V 

COMPENSATOR 

I5K 

C1 

ACTIVE +I8V 1 12 
THERMISTOR 

46-CPS AMPLIFIER WITH 8-CPS BANDPASS— 

Uses differential input amplifier Q1-02 as 

part of four-stage direct-coupled front end 

VII 

_L 

6SN7 
V/GT 

680 

27 K 

2N543 
4 R7 

51( 

-24.5V 

v8\ 
6SN7 

:390 K 

6SN7 

8.2K 

of optically chopped radiometer. Parallel-T 

filter provides desired frequency character-

istic and d-c path for negative feedback 

is proportional to steel strip width. Pu se is 

clamped and amplified by V8 and passed 

to comparator V9, which provides output 

proportional in amplitude to width of input 

V g 
6SN7 
Y/GT  

50K 50K 68K 

+250V 

WIDEST 
5K 
WIDTH 

17.5 K 

5K 20 10" 
O-4 

' R2 

TO REMOTE 
METERS 
AND 
RECORDERS 

pulse.—F. J. Dunks, Infrared Gage Measures 

Hot Steel Strip Width, Electronics, 33:43, 

p 65-67. 

PREAMP FOR INFRARED MINE DETECTOR— 

Lead telluride cell cooled with dry ice, with in-

frared input chopped at 200 cps by fan 

motor, feeds three-transistor preamp that 

provides output at 200 ohms to remote R-C 

tuned main 200-cps amplifier.—W. E. Osborne, 

Infrared Mine Detector a Reality, Electronics, 

36:31, p 54-58. 

4,7 K 

181315 

4.7K 

8.2K 

07 

28543 

OUTPUT 

around direct-coupled amplifier.—F. Schwarz, 

Infrared Circuits in Tiros Satellites, Electronics, 

34:38, p 43-45. 



CHAPTER 42 

Integrated Circuits 

CI 

Ri 
5.11K, I% 

FROM 
OUTPUT 
OF NULL R2 
AMPLIFIER 5.IIK, 

R3 
255K,I% 

TO 
SWEEP *-0 R4 
35V 51.1K,1% 

'•••••  

R7 
'.••S  
2K, 1% 

3 

Rio 2 
•—NVN.r-4-

10K, 

R11 

+12V 
C3 
.01 

8 (  

pA702A 
7 

6  UFDIOO 

C4 R9 
D2 J. 3"" 

.01 IN753 

—6V +I2V 

+I2V 7 

.01  
7 K _L 

709 

••••••• • 
OKA, 8 

C6 1 C9 

1pf 15pf 

C11 
„ 25p( 

R15 3 

- 
R16 I% 

15011,1% 

C f2 

— 71E-4 
250 

R6 
51.111 
1% 

LINEAR IC TESTER— Basic lab tester circuit 

displays transfer function, offset voltage, 

gain, linearity, and output voltage swing 

on single scope trace. High-gain null opera-

tional amplifier ( such as Fairchild 709 IC) 

is used in feedback loop around linear inte-

3 

S24, 4 

\ 6 

Rj7 
20011,1% 7 

Vie*  

C17 

+1( — 
25pf 

pA7I0 

p A7I 

2 

6 

C8 
4 

-I2V 

+12V 

CI4 

R12 
47K 

 )1 .011 RI4 
301K C10 
I% 

R13 

4.7K 

0.1 

+I2V 

.01 

—6V 

+I2V 

10 

C15 
.01 

529 

01 
2N2483 

D3 
FD100 

1K 

R19 
6.2K 

—6V 

4 

04 

D5 

06 
F0100(3) 

—6V 

grated-circuit amplifier under test, to hold 

output of amplifier under test at zero by 

adjusting its d-c input voltage to equal the 

offset. Chopper on vertical scope inputs 

allows simultaneous display of offset voltage 

and transfer function, by switching in syn-

ISIA 

I SELECTOR 
SWITCH 

619 

TO INPUT 
OF NULL 
AMPLIFIER 

TO CHOPPER 

chronism with horizontal sweep. Separate 

TO-5 socket is provided for each type of 

integrated circuit to be tested.—J. N. Giles, 

How to Measure Linear- IC Performance, EEE, 

14:8, p 62-68 and 161. 

295 
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05 

-2 

Input 
Signal 
120Mc 5pf 

0-1 
50S1 

7— of 

Ti + 5v 
Micrornetals 
T12-10core 
2-7T1132 r --
wIndings 

-/W•e%._ 

9-35 

pl 50,ff 

9-45ot 

WIDEBAND ANALOG AMPLIFIER— D-C input 

summing mode signals are amplified in low-

drift d-c amplifier and reinserted into ampli-

fier signal path at input to common-emitter 

stage. Response of d-c amplifier in parallel 

with common-base stage is complementary 

to high-frequency amplifier 02-03-04, main-

taining unit slope down to 1 kc, where gain 

is 100 db. Loop delay is less than 0.1 nsec. 

—F. D. Waldhauer, Latest Approach to Inte-

grated Amplifier Design, Electronics, 36.22, 

p 24-27. 

R2 
120 

 ri 1 02 
"•*. -  

  03 

RS 
7K 

,R I 
120 

Local 
oscillator 
65 35Mc 

INPUT 
SUMMING 
NODE 

L.LJ 

>R9 
S7 5K 

5 pF 

R11 
3K 

T2 

Miller 
*1601 
107Mc 

i- f 
transformer 

HARMONIC MIXER—Two-transistor integrated 

circuit is used in nonlinear mode for con-

verting 120 Mc to 10.7 Mc with conversion 

=- of 29.4 db, noise figure of 11 db, and sensi-

tivity of 105 dbm. Bandwidth, including 

i-f stages that follow mixer, is about 500 

kc.—J. E. Thompson, "An Integrated Har-

monic Mixer," Motorola Application Note 

AN- 154, December, 1965. 

-32 

+5V 

 (06 07 

RI() 
47K 

R15 
3.9K 

o  

R8 
7.5K 

Ft 
8 K 62K 

-25v 

SENSE AMPLIFIER—General-purpose amplifier 

can be used with most coincident-current 

memories without redesign. Has adjustable 

threshold, good noise rejection, and drives 

any standard logic gate with positive or 

R14 
3 3K 

IC1-12 

negative output. Bandwidth is 10 Mc. Drift 

is only 22 microvolts per -C. Circuit is differ-

ential amplifier whose inputs are connected 

to opposite ends of sense winding. Input 

accepts both polarities, but output is always 

3K 

R12 

09 

08 

3.9K 

R13 
2.7K 

same polarity. 

connect F to G; 

Di 

 o 
For negative 

for positive output, connect 

E to G.— B. Johnson, Sense Amplifier Fits 

Any Memory, Electronics, 39:18, p 89-94. 

output pulse, 
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INPUT 

GROUND 

balanced power supplies, ci-c output is at 
ground, permitting direct drive of speaker 

without large d-c decoupling capacitor in 

EXT.0 

1-WATT AUDIO AMP—Negative d-c and a-c 

feedback is applied to one side of differential 

input stage and signal to other side. With 

INPUT 
TRIGGER 

10K 

FEEDBACK 

BASE 

20 K 

TRANSISTOR 
UNDER 
STRESS: 04 

MONOSTABLE MVBR—Pulse width of stress-
sensitive RC103 integrated circuit is reduced 

from 1.5 to 1.0 microsec when 7 grams of 

force is applied to one transistor.— R. C. 
Wonson, Stress-Sensitive Integrated Circuits, 

Electronics, 38:14, p 81-84. 

Q6 — 

+V, 

SPEAKER 

Ve 

MC1524 integrated circuit.— R. Hirschfeld, IC's 

Improve Differential Amplifiers— and Vice 

Versa, Electronics, 38:16, p 75-79. 

ASTABLE MVBR—Stress sensitive RC103 inte-

grated circuit shifts f ee-running frequency 

from 500 kc to 1 Mc when 7 grams of force 

is applied to one transistor.— R. C. Wonson, 

Stress-Sensitive Integrated Circuits, Electron-

incs, 38:14, p 81-84. 

DUAL 4-INPUT GATE—Each 4-input section 

uses 4-transistor chip for hybrid microelec-

tronic construction.— J. G. Curtis, Crossbred 

Technology Automates Production of Hybrid 

Microcircuits, Electronics, 38:13, p 66-73. 
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IMPROVED DARLINGTON-Separate collector figuration prevents reflection of high capaci-

circuit for third transistor of Darlington con- tance back to input, thereby dissipating Miller 

INPUT I 

o— 01 

INPUT 2 
o  

OUTPUT 

SET 

: RI 

+16v 

R2 

• 10 K 

+4V 

ICI 
SE1246 

RI 
2000 

D 

o 3 

+9v 

R4 

3K 

:R3 

1N643 

_t  

+12V +24V 

R5 
40,000 

113 
33,000 02 

2N2605 

R4 04 

100 F0300 

Ql — CI 
2N910 60µF 

Rs 

3K 

effect.-Y. Tarui, Japan Seeks Its Own Route 

to Improved IC Techniques, Electronics, 

38:25, p 90-98. 

DARLINGTON-INPUT OPERATIONAL AMPLI-

FIER-Single-stage version uses emitter-fol-

lower output to lower impedance and shift 

d-c level of output. 07 and R3 form constant-

current source. Zeners, formed as base-

emitter junctions of transistors, shift d-c level 

of outputs negative by 6 y to make them 

compatible with input voltages and permit 

cascading of monolithic integrated circuits di-
rectly.-C. L. Heizman and D. G. Paterson, 

Circuit Analysis: A Monolithic Integrated Op-
erational Amplifier, EEE, 13:5, p 80-84. 

+24V R7 +12V 
1000 

08 
1N643 

R6 
10,000 

+12V +4V 

R8 Q3 
100 2N2422A 

100 
R9 

-2V -2V 

..11+ 

IC 3 
SE124G 

CP 

IC2 
SE124G 

04 
2N2369 

1000 

I 06 
1N643 

2000 

2-SEC-70-10-MIN TIMER-Number of mono- potentiometer R7. For shorter delays, one or pell, Off-the-Shelf Integrated Circuits for Ver-
lithic diode-transistor logic circuits deter- both of integrated circuits connected with satile and Accurate Timer, Electronics, 38:25, 

mines range of time delay provided by broken lines may be eliminated.-A. A. Lam- p 70-73. 
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BASIC RCTL LOGIC-Transistors used provide 

ultrahigh switching speed for computers and 

have low stored charge along with gain-

bandwidth product above 300 Mc. Circuit 

can readily be adapted as flip-flop, nor cir-

cuit, and Schmitt trigger.-W. D. Roehr, "For 

Computers . . . Basic RCTL Circuits," Motor-

ola Application Note AN- 129, Nov. 1965. 

100-Mhz 
+75Khz 
INPUT 
SIGNAL 

4.7K 

0.001 

C2 

50 1  

- 3 

T ÍL F 

100-mhz 

R-F Arm_ 

5 

- 10V 

7 

ICI 

I0 .0 01 

0.001 

6 IC 2 

3 

5.16 

110.7-Mhz 
0 S C 

2.2 K 

33pF 

2.2 K 

33pF 

0.001 

T  
-77 

MIXER 

2 

5 

-1coi 

K 

4 v 
DIGITAL DISCRIMINATOR 

IC 3 6 

1 

_E-- 3 

560 

3.3 K 

 o 6v 

 o -- 4v 

 O }- 6v 

X 
_o 

OTHER INPUT 

STAGES 

Note: Transistors may be either 2N695 or 2N705 

10.7 Mhz 

I-F AMPL 

1001 
F 

— -10 V — 

0.001 

IC4 

2 

13.001 

0.1 
F 

-762 

6 

— 3 

IC6 

MIXER 
2 

0.1 
p.F 

-4 V 0.001 

0.1 
T  

11.15 5-Mhz 
OSC 

5 

-10 V 

C5 

IC5 

2 

4 

+4 V 

360 
PF 

560 

R. TO AUDIO 
2.4K AMPLIFIER 

Ci 
0.35 

1 

INDUCTORS Ikttl) 

Li 

L2 

L3 

0.044 _ _ 

3.9 

5 

CAPACITORS (pF) 

C1 
c2 
c 3 
C4 

C3 

C6 

C7 

7 - 100 

14-150 

55-300 

37-250 

90 100 

1.5-20 

1-12 

F-M RECEIVER-Multipurpose integrated-cir- single-frequency 100-Mc f-m receiver. Al- with monolithic techniques.- R. L. Sanquini, 

cuit chip consisting of six resistors and two though discrete components are used in Multipurpose Chips Cut Costs of F-m Re-

identical transistors in cascode amplifier con- digital discriminator, circuit requirements ceiver, Electronics, 39:10, p 80-82. 

figuiution serves three different functions in and component values here are compatible 
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- 
P,P RATE E Es 
Pro 1E0 , fic 

2 Er, 

I YU, ,6 

— 63 V« 

A KAMM, 

TO SCOPE 

MEASURING SWITCHING TIME OF IC GATE-

Used for and gates. To measure ti, Si is 

opened, input pulse of Q1 is adjusted to 

give Q1 output fall time of 3 nsec/v slope for 

2.5 v, and SI is closed to measure t2.- Inte-

grated Circuits, EEE, 12:3, p 78. 

80K 

0.01 S 

100 K 

+7.5 V 

SCHMITT TRIGGER- Dual diode-coupled ver-

sion for integrated construction uses eight 

resistors.- D. D. Robinson, Linear Microcir-

THIN FILM FIELD 

EFFECT TRIODES 

0.01 

100K 

D 

-2.5V 

50K 

% UT 

THIN-FILM AMPLIFIER- Pulse amplifier with 

evaporated connections uses two thin-film 

triodes, two silicon monoxide aluminum ca-

pacitors, and four chromium and rhenium 

resistors.- F. W. Schenkel, Thin- Film Capaci-

tance Elements: Which Is Best For Your 

Purpose, Electronics, 38:2, p 67-72. 

ANTENNA 

00 

1ST SUBSTRATE 

RF AMPLIFICATION 
 A111. 

+3V 

10 OK 
-12V 

cuits Scarce? Now You Can Breadboard Your 

Own, Electronics, 37:27, p 58-64. 

\ 

CL _ L. RL 

7pF rs 

+3iV  

100K 

LOW-POWER FLIP- LOP-2N3493 micropower 

transistors provide rapid switching with in-

tegrated construction. Power drain is only 

6.6 mw.-R. W. McGinnis and W. D. Roehr, 

New Masking Techniques for Micropower 

Transistors, Electronics, 38:4, p 76-81. 

2ND SUBSTRATE 

RF DETECTION, 

MODULATION SIGNAL AMPLIFICATION, 

LIMITING AND FILTERING 
OFF• 

ON O +12.5V 

15-MC RECEIVER-Operates 150 hours on 9 

mercury cells, for applying command signals 

Q l6 

e22K 

5,1K 

20K 
— 6\01011r-

0 001 

100K 

Z-soo 

+3V 

7pF 

3R0 SUBSTRATE 

ISOLATION AND DETECTION -' 

pF 

1CK 
DISTRIBUTED 
RC NETWORK 

2K 

TRANSISTORS 
014 ,0 15 - FAIRCHILD FSP215 

016 ,0 11 ,0, 6 ,0 19 - TRW PM 7021 

directly to brain of monkey. Thin-film pas- weight to 7 ounces.-W. Liben, Monkeys and 

sive components on three substrates reduce Microelectronics, Electronics, 38.4, p 90-93. 

OUTPUT 
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eIN 

eird  

2 

+28V 

r 
5.1 K 

MD— N1 

5.1K 

4.7K 

4.7K 

250 

-L  

—28V —28V  

+28V + 28V  

4.7K 

\  

+28V 

_ 

MD- N2 

HIGH 
cle OUT  

LOW 
OUT 

LOGIC AND BUFFER AMPLIFIER—Designed to 

be driven by dual Schmitt trigger. D. D. 

Robinson, Linear Microcircuits Scarce'? Now 

You Can Breadboard Your Own, Electronics, 

37:27, p 58-64. 

25 

TWO-STROBE SENSE AMPLIFIER—Seven-tran-

sistor sense amplifier on single 61 by 70-

mil silicon chip has overall gain of 200. 

—M F Wolff, Computer in the Microcircuit 

Design Room, Electronics, 37:12, p 100-104. 

18V 

MULTIPURPOSE CHIP— Monolithic chip con-

sisting of six resistors and two identical tran-

sistors serves three diffe.ent functions in f-m 

receiver. Two transistors permit cascade 

amplifier configuration, giving low noise fig-

ure and good power gain at high frequen-

cies.— R. L. Sanguini, Multipurpose Chips Cut 

Costs of F-m Receiver, Electronics, 39:10, 

p 80-82. 

—15V 55v 

25 

PRESSURE-CONTROLLED— Frequency of ava-

lanche oscillator in integrated circuit using 
RC103 transistors varies linearly from 100 

to 124 kc as stylus pressure on transistor 

02 is increased from zero to 7 grams. — 

R. C. Wonson, Stress-Sensitive Integrated Cir-

cuits, Electronics, 38:14, p 81-84. 
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—V 

IN 

INTEGRATED p-MOST BROADBAND AMPLI-

FIER—Hole-conducting metal-oxide semicon-
ductor transistor (p-most) and metal-oxide 

semiconductor capacitor give gain of 5 down 
to a few cps for integrated stage.—F. M. 

Wanlass, Novel Field-Effect Device Provides 

Broadband Gain, Electronics, 36:44, p 30-33. 

CROSS-CONNECTED INVERTERS AS FLIP-

FLOP—Output levels are 0 and 3.5 v. Switch-

ing times are 20 to 34 nsec for resistive 

loads and 30 to 44 nsec for capacitive 

loads.—W. D. Roehr, "For Computers . . . 

Basic RCTL Circuits," Motorola Application 

Note AN-129, Nov. 1965. 
RESET 

INPUT I 

(2)  

INPUT 2 

(3)  

OUT 

SET 

o  

1µF 

INPUT 

SeiF 

90K 

AUDIO AMPLIFIER—Uses Mitsubishi chromium-

silicon and nickel-chromium thin-film resis-

tors in hybrid arrangement with conven-

COMP 

o  

0 41 

O 

-4-6v O -4v 

le 4- 6v 

• 

NOTE 
Alt. RESISTANCES 
IN OHMS 

9IpF 

R, 

330 I 2.0K 
-4v 

:R3 

91pF 

EAR • 
 CONE1) 

1,10µF 

tional transistors.—Y. Tarui, Japan Seeks Its 

Own Route to Improved IC Techniques, Elec-
tronics, 38:25, p 90-98. 

-6v 

56% 

.Ci).• 12 v 

+6v 

3.3K 

-4 

Note: Transistors may be 
either 2N695 or 2N705 

Rio 
500 

6 

Re 

7K 

R7 

(!) - 12 • 

uses Darlington inputs. Input impedance is lithic Integrated Operational Amplifier, EEE, 

above 1 meg. Frequency rolloff of 6 db/ 13:5, p 80-84. 
octave begins at 50 kc.—C. L. Heizman and 

D. G. Paterson, Circuit Analysis: A Mono-

35K 

TWO-STAGE OPERATIONAL AMPLIFIER—Maxi-

mum gain at room temperature is 36,000. 

Emitter-follower output stages are used with 

zener diodes to shift d-c level. Input stage 

OUTPUT I 

Ci) 

OUTPUT 3 

10K 

Di 02 

09 
OUTPUT 2 

RI 2 
10K 

OUTPUT 4 

0 
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-4,\A 
IN 

18K 18K 18K 18K 

33K 33K 
-6V 

COMPLEMENTARY DUAL SCHMITT TRIGGER-

Provides inverting and noninverting outputs 

for pulse-width modulation.-D. D. Robin-

EXPANDER 
INPUT 

HIGH-NOISE-IMMUNITY LOGIC-Basic gate 

uses zener with 5.5-v breakdown to give 

high noise immunity for variety of logic cir-

cuits, at penalty of relatively high supply 

voltage. DI prevents CO and 02 from being 

on simultaneously, even during severe tran-

sients.-Higher-Voltage 1Cs Crack Noise Bar-

rier, FEE, 14:8, p 40-42. 

SWITCH 
DRIVE 
* I 

-I8V 

R28 
82K 

R27 
10K 

C23 

F 10049 
09 

CHOPPER-DRIVING SIGNAL GENERATOR-

Dual mos fet and Fairchild 709 IC null am-

plifier are here used with 1-kc let astable 

mvbr to develop the large voltage swings 

required to drive chopper of linear IC tester. 

-J. N. Giles, How to Measure Linear-IC Per-

formance, EEE, 14:8, p 62-68 and 161. 

FROM 
DUT OUTPUTS 
(SIA OF DEVICE 100K 
SELECTOR SWITCH) 

TOUT 
son, Linear Microcircuits Scarce? Now You 

Can Breadboard Your Own, Electronics, 

37:27, p 58-64. 

R20 R21 

100K 

iD7 IrD8 

R23 
100K 

FA2310U 

R24 
FROM 90.9K,1% 
DUT OUTPUTS •E—Ws.  
(SIB OF DEVICE 
SELECTOR SWITCH) TO SWITCH   

Cie 

0.5 

C19 
.005 

CHOPPER FOR IC TESTER-Shows circuit 

using Fairchild 709 IC null amplifier in feed-

back loop around linear integrated-circuit 

tester, and Fl 0049 dual mos let serving as 

chopper for displaying offset voltage and 

- I8V 

C24 

R29 
10K 

SWITCH 
DRIVE 

in .2 

R32 
33K 

FID100 

R34 11 
C25 3.6K 2 

• ii="/VV—e— 

R33 

--

04 
2N2483 

R22 
I.5K 

C26 
.047 

+I2V 

C22 

-I2V 

FI0049 

R25 
i0K 
1% 

transfer function simultaneously on scope by 

switching in synchronism with horizontal 

sweep.-J. N. Giles, How to Measure Linear-

IC Performance, EEE, 14:8, p 62-68 and 161. 

R26 

 ,TO DUT 
INPUTS 

TO SWITCH 
DRIVE *2 

5p1 

-I2V 2.2K R36 3 

-I2V .-E1001W = 

R35 

100K 

+I2V 
C28 

p A70b 

8 

C29 
.005/1://' 

R37 
I.5K 

.01  

e 

TO SCOPE 
VERTICAL 

1K INPUT 0.1V/DIV 

* ADJUST TO GIVE TRIANGULAR 
OUTPUT AMPLITUDE OF I5V 

\A 
L31 

5 
4 ---TC30 

2000 
C27 

V 
-12V 

aluf 

R38 TO SCOPE 
HORIZONTAL 

K INPUT IV/DIV 

 TO DUT 
- INPUT 
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.0047mr. 

o 
QUAD BLOCK—With appropriate interconnec-

tions of external terminals, can be used 

either as binary counter, monostable mvbr, 

Schmitt trigger, or selector. Although orig-

inal design uses encapsulated construction, 

can readily be adapted for integrated cir-

cuit production techniques. Requires 10 ma 

for all applications, and gives output pulses 

with 0.1 microsec rise time and up to 0.4 
microsec fall time.—F. K. Luteran, Four-Way 

"Quad" Circuit Building Block, EEE, 10:6, 

p 66-67. 

Deus - IN270 
TRANSISMIRS.25247 

INPUT 

INPUT 
R3 
10K 

FINGERTIP-SIZE SERVO AMPLIFIER—Direct-

coupled class A servo amplifier diffused 

into 0.75-inch-diameter silicon wafer gives 

MC 306 

VEE 

BASIC IC GATE—Circuit is basic element of 

current mode logic family. If reference volt-

age VBB is supplied to one side of gate, 

constant current that normally flows through 

1.24 K emitter resistor can be switched from 
one side of gate to other by switching input 

signals above and below reference voltage. 
Complementary output is provided from sin-

gle gate.—S. T. Robertson, "Integrated Cir-

cuit Line Driver," Motorola Application Note 

AN-187, Aug. 1965. 

AUDIO POWER AMPLIFIER—MC1524 chip gives 

high efficiency, low distortion, and wide 

range along with highest output power per-

mitted by dissipation of TO-5 case. Chip is 

combined with superior power-handling of 

standard bottom-collector output transistors 

to give monobrid amplifier providing 1 w to 

speaker. True class-B output circuitry gives 

low standby current, with crossover distor-

tion of class B minimized by using current 

source 03-Q4 for quad Q5-Q6-07-Q8. Diode 

D2 further reduces crossover distortion.— 

R. A. Hirschfeld, "Audio Power Applications 

VEE Using Integrated Circuits," Motorola Appli-
cation Note AN-162, Aug. 1965. 

RIO 
100 

power output of 1.5 w and overall closed-

loop gain of 200. Distributed diode planes 

are introduced by substrate.—M. W. Aarons, 

NOR 

OUTPUT 

OUTPUT 

+28V 

Putting a Servo Amplifier on a Small Silicon 

Wafer, Electronics, 35:52, p 33-35. 
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VCD 

D-C OPERATIONAL AMPLIFIER—Open-loop 

voltage gain is 62 db, input impedance is 

18,000 ohms differential and 10,000 ohms 

to ground, and output impedance is 8,000 

ohms.—Operational Amplifiers ore Getting 

Smaller, Electronics, 35:52, p 66. 

REG. El+ 

47K 

5µF 

INP1- 17/ 

100K 

5µF 

LINE DRIVER—Designed as line or capaci-

tance driver, but is same as basic gate except 

for output stages. Pnp transistors are hybrid, 

while other parts are on monolithic chip.-

5. T. Robertson, "Integrated Circuit Line 

Driver," Motorola Application Note AN-187, 

Aug. 1965. 

COMPLEMENTARY-TRANSISTOR LOGIC—Uses 

both pnp and npn transistors, with pnp emit-

ters tied together and returned through 1K 

resistor to positive voltage supply. Propa-

gation delay is 3 to 5 nsec for fanouts of 

1 to 10.—D. Christiansen, Logic Schemes Re-

viewed, EEE, 13:11, p 64-79. 

0.01µF 

OUTPUT 

HIGH-GAIN AUDIOPREAMP—Has strong neg-

ative feedback and built-in power supply 

series regulator.— D. D. Robinson, Linear Mi-

crocircuits Scarce? Now You Can Breadboard 

Your Own, Electronics, 37:27, p 58-64. 

8+ 

13+ 

200K 

GND 

OUTPUT BUFFER AMPLIFIER—Integrated con-

struction (shaded) is used with external pnp 

transistor.— D. D. Robinson, Linear Microcir-

cuits Scarce? Now You Can Breadboard 

Your Own, Electronics, 37:27, p 58-64. 



CHAPTER 43 
Integrator Circuits 

1.5 

CHOPPER 

INPUT 
NETWORK 

+12 V 

FROM 
SINGLE-SHOT 

DETECTOR 
SENSITIVITY 
ADJUSTMENT 

TACHOMETER 

820 pF 

100K R2 

500 K 
—C2 
T1 F 

INTEGRATOR AND BINARY TRIGGER FOR 

SHMOO PLOTTER-Integrator stage with R2-

C2 measures duty cycle of single-shot mvbr 

used in showing computer memory perform-

ance under marginal drive currents. Binary 

triggers control direction of ramp generators 

and increase or decrease memory drive cur-

-TO BINARY 
TRIGGER Y 
(IDENTICAL 
TO X) 

5 K 

-12V 

HIGH-GAIN AMPLIFIER-Integrator amplifier 

using ten silicon transistors in five voltage 

gain stages gives gain of 250,000. To pre-

vent saturation by spurious microvolt sig-

nals, input network is shielded by Mu-metal 

can grounded to signal ground and overall 

steel can grounded to power ground. Power 

supply ripple must be below 0.01%. Amplifier 

drives 6-w a-c servomotor having d-c tacho-

meter on same shaft.-5. T. Cap and N. P. 
White, Guidance Systems in Manned Space 
Flight, Electronics, 32:33, p 49-51. 

+12 V 
TO EXCLUSIVE-
OR ( Y ONLY) 

100 pF 
-I- - 12V 

O 
REVERSE 

PB 
1,000 pF I 

-12V 

100 pF 

12K TO X- RAMP 

GENERATOR 

24 K 

-12V 

rent. Npn transistors are 2N706 and diodes Plot: Testing Memories Automatically, Elec. 
are 1N921.-J. E. Gersbach, The Great Shmoo tronics, 39:15, p 127-134. 

306 
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ABSOLUTE-DIFFERENCE INTEGRATOR—U s e s 

two-pole chopper with capacitor connected 

between the two reeds. During half of chop-

per cycle, capacitor is charged to voltage 

difference between outputs of two signal-

processing channels. During other half-cycle, 

charge is transferred to integrator circuit 

and positive side of capacitor is clamped to 

ground by one of the two diodes. Inte-

grator is chopper-stabilized cl-c amplifier with 

capacitive feedback, having gain of 200 and 

integration time constant of 1.5 hours.—H. 

Schwarzlander, Intelligibility Evaluation of 

Voice Communications, Electronics, 32:22, p 

88-91. 

ACCELEROMETER 

2N43 

2N43 

12 

390 

5IK 
I % 

IN 

5IK 
I % 

DIFFERENCE CIRCUIT 

FROM SIGNAL CHANNEL 

NOISE CHANNEL 
0.003 I 

FROM SIGNAL PLUS 

KzX 1,000 

20K 20K 

o o )1 o,D 

1.5K 

(21 
1N81 - 

03 

2SI03 

25/I2V 

I K 1.4 

330 
I % 

330 
I % 

INTEGRATOR 

—24 V 

OUT 

4 
— 25V 

COMPENSATED R-C INTEGRATOR—Overshoot lund, Probes for Plasma Resear h with 

is less than 2% at 3 db down for band- Wideband Integrators, Electronics, 35:24, 

width of 20 Mc.—S. Berglund and S. Wester- p 44-45. 

SIGNAL RECTIFIER 

0.01 

FIRST R- C 
INTEGRATOR 

RI 2.2M 

1 MEG C110 — 

NEUTRALIZING SUPPLY 500K 1.5 MEG 

6- KC 
SQUARE-WAVE 
OSCILLATOR 

_t 

CONTROL CIRCUIT VOLTAGE TRIP 

KC VELOCITY 

SECOND INTEGRATOR 

VELOCITY 

CK 
6611 

VELOCITY 
RECORDING 
ISOLATOR 

iiN432 

IN 432 

0.01 27K 

PRESET DISTANCE 

TO 
METER 
AMPL 

DISTANCE 
10K 

CK 
6611 

DISTANCE 
RECORDING 
ISOLATOR 

390 6.8K 

2N494 

45V 

DOUBLE INTEGRATOR—Used to measures dis- tor operates as voltage trip, providing output tance information for recorder.—T. R. Nisbet, 

tances up to 150 feet, from information sup- pulse when distance reaches preset value. Double Integrator Finds Distance, Electronics, 

plied by slide-wire accelerometer. Transis- Two other tubes provide velocity and dis- 32:21, p 64-66. 
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+8v 

8v 
5K 

180K IOM 

IM 

I.35V 

82K , 

5E110 

47 

i0130 GI30 

-8V 

02 
2N1307  

22K 

K, 
5K 

K2 
5K — 

2. 

•AA  
47K 

03 
2NI307 

+8V 

2.2K 

0-10 KC INTEGRATOR—Schmitt trigger Q2-Q3 

drives relays K1-K2 to reverse polarity of 

input current to 5E110 solion. Thermistor 

compensation T in output is accurate within 

1% for battery operation, used in integrating 

5.6V 470 

o, 
2N2189 

I.35V 

3.3K 

R6 
100 e  

10K 

long-period signals such as those proportional 

to sunlight and temperature changes.—J. W. 

Martin and J. R. Cox, Solion Tetrode Inte-

grates Chromotograph Signals, Electronics, 

35:12, p 46-47. 

SENSING AND UG-422/U 
INTEGRATING IM 

CABLE 

PG - 22/U 

0.01 250 

50 TURNS ON CORE 
3112969 PI 

RELAY 
VS- I 

+108.V 
(REG)  

P6469 

RESET 

= REMOTE RESET 

OPERATIONAL AMPL AND READOUT 

+300V 

I2K 

12 A X 7 

550 680K 

39K 

ZERO 
ADJ. 

EXTERNAL 
READOUT 

0-1 

IN34A 

I5K 

12 AU7 

N1251 ._„51,<A,21_,re 

510K 

50K 

470K 

MEASURING INTEGRAL OF CURRENT PULSES 

—Gives current integral of one or more 

pulses, for measuring quantity of electricity 

in coulombs, regardless of pulse shape and 

independently of ground connection or cir-

cuit potential. Commercial d-c electrometer 

may be used in place of operational ampli-

fier. Range switch is at pickup.—J. F. How-

ell, How to Measure Coulombs in Irregular 

Pulses, Electronics, 35:32, p 72-73. 
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2N706 

56K 

2N1I7 

33K 

10K 

•  

391( 4.7K 

2 N117 

I8K 

10 

K = X 1,000 

2.7V 

3r I N306 

CLEAR 

9\D° INTEGRATE 

390 SOLION 

SOLION INTEGRATING NOISE METER—Audio 

amplifier for microphone feeds visual-read-

out solion integrator through rectifying diode. 

Used to measure extent of exposure of per-

son to dangerously high levels of noise.— 

R. N. Lane and D. B. Cameron, Current Inte-
gration with Solion Liquid Diodes, Electron-

incs, 32:9, p 53-55. 

COMMON 

I 
1 

READOUT • RT 
ELECTRODE o  

1 R SHIELD RN 

INPUT ELECTRODE 
0.9V 

SOLION TIME BASE—Electrical readout inte-

grator consisting of solion liquid diode pro-

vides readout current that increases linearly 

with time for constant current input, permit-

12 

1-12 

VIDEO 
IN 

TRACKING GATE 

(HALF INVERTED) 

INTEGRATOR 

20K 

I.2K 

DUMP PULSE 
LINE 

07 
2NI613 

22.5V 

ting use of input to axes of X-Y recorder. 

—R. N. Lane and D. B. Cameron, Current 

Integration with Solion Liquid Diodes, Elec-

tronics, 32:9, p 53-55. 

BAND' + 200 
PASS 
500-460 KC 18K 
VIO 

E9IN 

%0 

+200 

TOO 
E F80 
VI3 

180 

MIXER 

0.1 

+200' MIXER 
+200 LOW PASS 

150K 500 

1800 ECH8I 

= 8 180 

220K 

2 0.01 20K 

+ 200 
K+ X 1,000 100K 

V16 
E F86 SIGNAL 

FROM 
GATE 100)( 

log 
820 

180 

IN 
AMPL 

510 
pF 

2.7 1, 

30K 

13,300 

T PF 

4.7K 

2N697 

E9IH 
Vi4 

621 

560 

-= 
AUDIO 

AMPLIFIER 

+ 300 20H 215m 390K  

SAMPLE SIGNAL 
TO SCOPE 

ELECTROSTATIC SQUARER—Used to obtain 

integrated reading of reflected sound pat-

terns when measuring acoustic characteris-

tics of auditoriums. Electrostatic squarer in-

corporates frequency-determining elements 

of two transitron negative-resistance oscil-

lators (3.3 and 3.8 Mc). Amplified outputs 

are mixed to obtain 500-kc difference signal 

which in turn is mixed with 500-kc crystal 

oscillator output to give from 0 to 35 kc for 

feeding to counter.—J. P. A. Lochner and P. 

Meffert, Electrostatic Squarer for Acoustic 

Measurements, Electronics, 33:35, p 66-68. 

+200 
fe 4.7K 

/2 ECC8I 

V12 

25 

TO 
COUNTER 
INPUT 

560 

680 

", 270 1.2K: 

0.022 
VOLTAGE 27K 
MARL 

X 1,000 

GATE DRIVER 
Q2 
2N706 

1K 

4.7K 

1.21( 

GATE 

04 
2NI613 

0.022 300 1.51( 

2NI259 

06 
2N697 

5022 24i) 

ilar function for second half. Results of inte-

grations (integrator out) go to difference de-

tector for computisori. — D. L. Nepveux, Dig-

ital Circuits Achieve Automatic Control of 

SV4027 
27V 

F0200 
Pt  

-.7 

INT EGRATOR 

INTFGRATOF1 

12 

1 0.01 

RADAR VIDEO INTEGRATOR—Accepts all 

video and noise signals within first half of 

tracking gate and performs voltage-time in-

tegration. Identical integrator performs sim-

4-50 

OUT 

Radar Range Tracking, Electronics, 34:52, 

p 46-50. 



310 SOURCEBOOK OF ELECTRONIC CIRCUITS 

L. 

MUTUAL INDUCTANCE 
LEEDS & NORTHRUP 
*I540-50MH 
150 MA 

600K 

SLOW-DOWN 

FAST- DOWN 

COMMON 

READOUT 
ELECTRODE 
SHIELD 

INPUT ELECTRODE ELECTRODE 
 CH 1U:9V 

ZERO BALANCE 

COARSE FINE 
100K IA 

SLOW- UP 

FAST - UP 

ON 

COPPER HEAT SINK 
TERMINAL BLOCK 

IMAG 

SAMPLE 

TINSLEY * 5180 
GALVANOMETER 

10 
10 
10 

0 
10 

10 
10 

10 

10 
10 

+ 
INPUT 

ELECTRICAL READOUT INTEGRATOR—Use of 

solion diode eliminates need for sensitive 

electrometer. Integral may be read contin-

uously while integration is taking place, 

without affecting its value. Varistor is used 

in parallel with meter to compensate for 

temperature changes.—R. N. Lane and D. B. 

Cameron, Current Integration with Wien 

Liquid Diodes, Electronics, 32:9, p 53-55. 

DC CURRENT 
AM PL 

R5 
s. 100 

TURN 

RECORDER 
Y AXIS 

LENS 

•••••.„. 

«re. 

«.100V 
• 

300V 

NEON COUPLED DC AMPL 

PHOTO CELL AMPL 
2.7 M 

--- 2.7 M 

•-• LENS 

ADJUSTABLE SLIT II 

MEASURING MAGNETIC CHARACTERISTICS— 

Provides rapid and accurate record of d-c 

magnetization and hysteresis characteristics 

45V 7— 
v I 

45V 

GALVANOMETER 
LIGHT SOURCE 

of materials.— R. R. Bockemuehl and P. W. 

Wood, Industrial Hysteresigraph Uses D-c In-

tegration, Electronics, 33:13, p 70-71. 

220K 

100K 

2.7K 2.7K 0.25 

00 

0.1 

3.3K 

28vdc 

IÎ8K 

100K 

_ 

e__41 

2 470K 

68K 22K 

iOOK 

4• 7K _  _ 

0.005 

0.25 03 CR1 

27K 100K 

100K 
.-NAA  

MATCHED RESISTORS ± 2% 

I MATCHED CAPACITORS ± 2% 

ISOLATED INTEGRATOR IN 100-CPS PHASE-
SHIFT OSCILLATOR—Frequency can be ad-

justed over limited range with 500-ohm 

CRI 61704 OR IN472 OR IN467 ALL CAPACITORS 30vdc 
ALL TRANSISTORS 2N17B MINIMUM IN yl + 20% 
ALL RESISTORS +5% 

rheostat, which can easily be replaced with temperature, voltage, current, or other para-

photocell or other resistive transducer to give meter.—B. M. Van Emden, The Isolated-Into-

frequency that varies with light intensity, grator Network, EEE, 12:5, p 55-57. 

40 
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GLASS 100K 
REED 
SWITCH 

A-C OR D-C IN 

100K 

ALL FIXED 
RESISTORS 1% 

GLASS 
REED 
SWITCH 

+15V - I5V 

3M 3M 

100 

D- C OUT 

+15V - 15V 

REED SWITCH CONTROLS OPERATIONAL tector. Maximum switching speed is 300 kc. integrates only portion of signal present 

AMPLIFIER-Circuit can gate out unwanted Opening and closing Si in synchronism with while switch is open.- H. Penfield, Glass 

signals, mointain integrated output at speci- a-c input signal allows synchronous detec- Reed Switch Controls Operational Amplifier, 

fled level, or operate as synchronous de- tion and integration of signal. Amplifier Electronics, 39:1/, p 9/-98. 

TPF-1 

INPUT 

GAIN ADJUST 
POTENTIOMETER 

Pl15K 

115 V - 60 V 

SW-1 

RI 

2.2 K 

 VV\r  
R13 

10.5K 

TRF-2   

ICI 
T 4 MF 

01 
2N2270 

2 
22111 

02 
2N2270 

R3 

221 

250MF 

R4 
8211 

R6 
11.8K R9 

loon. 
X 
Rio 
2.2K 

• 
R9 

22K 

03 

2N2270 

TRF-3 

;R5 10011 
R7 

1.8K 

04 
2N2270 - 

R12 
10.5K 
 MA,  

TRF- 4 

2.2K 
PROPORTIONAL AMPLIFIER FOR INTEGRAT-

ING CONTROL-Dual balanced feedback and 

form of bootstrapping give highly stable 

SRI 
1N537 

R14 
2 2 K 

R15 

15V 12n 

SR2 
I N 537 

I  

R16 
2.2K 

C3 C 4 

T500 AIF TOOMF 
8V 

output of 35 y into 3,500 ohms, with volt- than B .- C. H. Smoot and F. J. Karlov, 

age ga;n acqustable from 0 to 30 while nut- Railer Control: Simple Controller for a Com-

put transformer return is to ground rather plex Job, Electronics, 37:18, p 88-93. 
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I  

Si / 2 " 

  0-1  

CORE FLUX INTEGRATOR—Speeds grading 

and matching of magnetic cores. Miller inte-

grator measures instantaneous and peak 

flux in cores at 60, 400, and 1,600 cps. 

Design approaches ideal response throughout 

ELECTRONICALLY ADJUSTABLE RESISTOR— 

Uses Memistor in which rate of change of 

resistance is controlled by current applied 

to third electrode. Resistance range is from 

2 to 30 ohms. Input pulses up to 10 y are 

integrated by plating action in sealed Memis-

tor cell, to give d-c output of 0 to 3 v.—Ad-

iustable Resistor Has Built-in Memory, Elec-

tronics, 35:51, p 76-77. 

INTEGRATOR '5 

OUT 

0001 

FIRST 
STAGE 

OUTPur 

I( • ,000 

480-kc bandwidth and provides closed-loop 

gain of 2 at fundamental excitation fre-

quencies—C. E. Goodell, Integrator-Amplifier 

for Core Measurements, Electronics, 31:7, 

p 110-113. 

R2 
100K 

DC INPUT 
SIGNAL 

R1 
10K 

4. 200V +200V 

112A7.7 
2 

—6V 

BOOTSTRAP INTEGRATOR AND SWITCH—Cir-

cuit is part of memory and alarm system 

that accumulates predetermined numbers of 

pulses, then switches off until reset.— G. A. 

Dunn and N. C. Hekimian, Tube-Transistor 

Hybrids Provides Design Economy, Electronics, 

32 23, p 68-70. 

R4 
4.7K 

OUTPUT 

+12vDC 

JUL lv 501, sec 
3m sec 

TRIGGER 

50-MICROSEC CLEARING—Will clear R2-C1 

integrator in 50 microsec while providing 

isolation between integrator and switching 

network. Output is connected to differential 

amplifier for voltage level detection.— G. A. 

Herlich, Integrator Clearing Circuit, EEE, 

14:2, p 69. 



CHAPTER 44 

Inverter Circuits 

• 
• 

37 TURNS 
NO.28 
HFV 

400 
 MA,  

HEAT SINK 
5 'IC/ W 

2.5 TURNS 
NO.22 HFV 
BIFILAR 6 

2.5 TURNS 
NO.22 HFV 
BIFILAR HEAT SINK 

5 °C/W 

TYPE 
2N3265 

6TURNS 
NO.14 HFV 
BIFILAR 

TYPE 
2F. 2N3265 50 µ 

28V 
6TURNS 
NO.14 
HFV 
BIFILAR 

HF V HEAVY FORMVAR INSULATION 

110 VAC 

TRIGGER 
SUPPLY 

LJ 
2,000µF 

50µF 

L _ _ _ L 
AC DC 

50µF 

12 

250-W, 50-KC INVERTER—Silicon power tran-

sistors in high-speed inverter circuit give con-

version efficiency up to 90% in changing 28 y 
d-c to 50 kc at primary of output transformer. 
—H. T. Breece, Boosting D-C Voltage With Sil-

icon Transistors, Electronics, 37:29, p 56-66. 

TRANSFORMER CORE MATERIALS: 
Ti —ALLEN BRADLEY TYPE 
TO620H101A, OR EQUIV. 
12 —ALLEN BRADLEY TYPE 
U2625C133A, OR EQUIV. 

0.012µF 
FLUORESCENT LAMPS 

e 9 6  T12, ( IN PAIRS) 

-1H ciy 

20mH  

PRI 
35 TURNS L1TZWIRE ON THREE ARNO() 
A-126040-2 CORES 

4 kg, F ••••••• 

21 TURNS LITZVIIRE 
ON EACH OF TWO 
ARNOLD A-126040-2 
CORES 

9,600 CPS AT 1.5 KW—Scr inverter drives 

fluorescent lamps in parallel at 9,600 cps 

with power supply efficiency above 95%. 
Inverter operates safely without load during 

DC —) AC 

interval between turn-on and ionization. RC 

networks across diodes damp out ringing.— 

N. Maphom, SCR's Break the Frequency Bar-

rier, Electronics, 38:18, p 88-97. 
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SCR STATIC ALTERNATOR—Silicon-controlled 

rectifiers serve as current-switching elements 

in ring-counter inverter that delivers three-

phase a-c output requiring no filtering, with-

out moving parts. With 2.4-kc pulse genera-

tor, output is 400-cps three-phase.— R. H. 

Murphy, Developing True Solid-State Static 

Alternators, Electronics, 36.21, p 58-61. 

FROM CONTROL CIRCUIT 

PULSE 
GENERATOR 

952 
TO SCR GATE 

1 10 

200 

400-CPS THREE-PHASE INVERTER DELAY CIR-

CUIT—One-shot mvbr 01-02 triggered by in-

put signal, and 03 controlled by error-de-

tecting signals at output of static inverter, 

together determine delay at output of 04. 

Complete inverter uses six identical delay 

circuits together with solid-state servo loops 

to control output voltages and phase angles 

despite unbalanced loads.—T. J. Gilliam, 

Three-Phase Inverter with Feedback Loops, 

Electronics, 35:12, p 48-51. 

Sb3 
TO SCR GATE 

I i 10 

200 

200 200 200 
+ + 

l_e 

To SCR SCR GATE TO SCR GATE TO SCR 
'PI ib2 4D3 

RING COUNTER FOR 3-PHASE INVERTER— 

Supplies control signals for all three phases 

in correct sequence, working from symmetri-

cal Hartley 1,200-cps oscillator. Uses three 

flip-flops.—M. Lilienstein, Static Inverter De-

livers Regulated 3-Phase Power, Electronics, 

33 28, p 55-59. 

K = X lO00 
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VARIABLE-GAIN INVERTER AMPLIFIER— Gives 

gain variations of up to 10 to 1, with less 

than 10% harmonic distortion at 1 y output 

through use of tetrode transistor, to provide 

precise voltage regulation of output of d-c 

to 400-cps a-c inverter. Error current from 

d-c amplifier of inverter is applied to base 

2 of Q4, causing a-c voltage gain of stage 

to vary with magnitude of error current.— R. 

Wileman, Linear Circuits Regulate Solid-State 

Inverter, Electronics, 33:16, p 61-63. 

T 0.33 

L FROM 
OSO 

T1 CENT TRAN W-23-104 

12 CENT IRAN \N-23-105 

03-D6 étIDA952-5 ( BRIDGE RECTIFIER ASS'Y) 

D-C/D-C—Line voltage is rectified, inverted 

at 18 kc, stepped down, and rectified to 

give 23 a at 6 y for thermoelectric heat-pump 

system.—A. L. Wennerberg and F. H. Schroed-

er, High-Current Converter is Small, Quiet, 

Low-Cost, Electronics, 37:30, p 41. 

R, 

>250 

20 
FRED 
ADJ 

/ION 

SELF-EXCITED 3-PHASE NON-PHASE-AMBIG-

UOUS BRIDGE— Each oscillating section ;3 

half-bridge converter operating in square-

22 

R2 . 

20 
PHASE- 2 

7.5K 22K 220K 05 = 

1—•—© 

N527 2 0;33 

FROM 
THREE 
PHASE 
GEN 

33K 

FROM 
D- C AMPL 

K.' X I,000 

500 CPS 

LOW PASS 
FILTER 

PULSE-WIDTH MODULATOR—Determines 

length of quasi-square waves used in con-

nection with triggering of scr's in output 

stage of inverter.— R. J. Kearns and J. J. 

Rolfe, Three-Phase Static Inverters Power 

Space-Vehicle Equipment, Electronics, 34:18, 

p 70-73. 

NOTE: 

TRANSISTORS ARE TYPE DA3F3 
DIODES ARE TYPE IN538 

• 

wave mode. Phase diagram shows deriva-

tion of synchronizing voltages.—A. G. Lloyd, 

Half-Bridge Inyeit.. PrGvides Econemi ,n1 

FRONI 
FEE MAC. 
AMPL 

Three - Phase Power, Electronics, 34:37, 

p 62-65. 
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3- LEG TRANSFORMER 

4-28V 

MAGNETIC 
AMPLIFIER 
CONTROL 
WINDING 

_ 

680 

NEUTRAL 

THREE-PHASE REGULATOR—When used with 

three-phase static inverter employing scr's 

and magnetic amplifiers, provides 25-millisec 

recovery time when load is switched from 2.5 

amp to 0. The three bridges use one zener 

Saturating transformer data: 
Core — The Arnold Engineering 

Co. 3T- 7189-D4 
Coil 1: 

160 turns each of No. 26 wire 
Coil 2: 

20 turns each of No. 36 wire 
Coil 3: 
40 turns each of No. 20 wire 

2N1038 

42.2 (.2 

2N1038 

quency drift is below 05% for change from 

no load to full load and for input change 

from 11.5 to 13.5 v. Efficiency is about 86%. 

200-W 60-CPS 115-V POWER FROM 12 V— 

Uses saturating-core oscillator. Complete 

design procedure is given. Maximum fre-

100 12 

2 N 1372 

150 

OUT 

A 
PHASE IN B 

diode in common as non-linear element. 

Silicon transistor amplifies unbalance in each 
bridge.—M. Lilienstein, Static Inverter Delivers 

Regulated 3-Phase Power, Electronics, 3328, 

p 55-59. 

422 (.2 

1N2069 

1 N2069 

1 N 20 69 

® 1N751A 

4.64 K 

2N120 

1.62 K 

50 S2 pot 
Fine frequency 

control 

1 K pot 
Coarse frequency 

control 

4.64 K 

12 6v 

2N5144 

N loo 

1V 1 

Power 
transformer 

No-load input power is 8.5 w.—Texas In-

struments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 451. 
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 o 120v 
D 

D17K 

D 

10 

Diy 

R1.1 

• 
D„ 

D ;Tà 
D, 

Parts List 

Q1 through Q8-2N458A 

DI through D8- 1N2069 

Dg through D12-1N1825R 

R1 through R8-5 Ohms, 1 Watt 

R9 through R18-910 ohms, I watt 

/2F- 25-ohm 5-watt rheostat 

T1—Texas Instruments transformer #440220 or equivalent 

Xi—Tapewound toroidal core, 5I425-4A Magnetics Inc., or 

5772-D4 Arnold Co. 

N1-448 turns, # 22 heavy Formvar 
N2 through N9-112 turns, # 28 heavy Formvar 

400-W 60-CPS DUAL-TRANSFORMER IN-

VERTER— Input voltage is divided equally 

among four series primaries so each tran-

sistor is subjected only to 60 y when off. Out-

put is 140-v square wave. Efficiency is 95% 

at full load. Use of dual-transformer config-

uration makes frequency of oscillation easy 

to adjust by changing setting of RF, to give 

exactly 60 cps for any value of load cur-

rent.—Texas Instruments Inc., "Transistor 

Circuit Design," McGraw-Hill, N.Y., 1963, 

p 459. 
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2N1372 

30012 

2N1372 

1N749  

2002 1.5 K 

. ( 
la 

• 

2N1372 

• a 
a 

:0, \," .  

• c, 
N 

1.2 K 

2N1372 

2N1038 

25 µf 
100v 

L_ 

2N1038 

Motor 

0 + 

Transformer data: 

Core — Magnetics, Inc., 50076-4A Coil 2: 130 turns each of No. 36 wire 
Coil 1: 1,100 turns each of No. 36 wire Coil 3: 200 turns each of No. 36 wire 

Note: All resistors are 1/2 watt 

20-W 60-CPS INVERTER—low-power version voltage range of 11.5 to 14.5 v.—Texas 

was designed to drive timer. Maximum fre- Instruments Inc., "Transistor Circuit Design," 

quency variation was only 1% for supply- McGraw-Hill, N.Y., 1963, p 458. 

2N1372 

2N1372 

2.15 K 

2N1372 

2N1038 

1N2069W 

1N20691 

1.78 K 

50 U pot 
Fine frequency 

control 

1 K pot 
Coarse frequency 

control 

5.62 i< 

12 6v 

• 1=d 

N2 oe  

 4:1 
• C. 

N2 D 

11-2 
 IVV\  
2 w 

100-W 60-CPS INVERTER—Permits operation storage battery. Frequency 

of small a-c appliances from auto or boat what with temperature because sensing- input 

2N511A 

2N5 11A Power 
transformer 

transistor (2N1302 is germanium.—Texas 

changes some- Instruments Inc., "Transistor CirCuit Design," 

McGraw-Hill, N.Y., 1963, p 457. 



INVERTER CIRCUITS 319 

250-W 60-CPS DUAL-TRANSFORMER IN-

VERTER—Provides square-wave output to load 

from 12-v d-c supply, at 130 If, with effici-

ency of 85%.—Texas Instruments Inc., "Tran-
sistor Circuit Design," McGraw-Hill, N.Y., 

1963, p 458. 

FROM 
10K LOW 

PASS 
FILTER 5 

470K 

, 330K 

06 
2N527 

4.7K 

2N539A 

.7.22 

22 

Xi— Tape-wound toroid, 5320-D4 Arnold Engineer-

ing Co., or 5000-4A Magnetics, Inc. 

N1-316 turns, # 24 heavy Formvar 

N2, N3-79 turns, # 22 heavy Formvar 

Ti— Texas Instruments transformer #440401 or 

equivalent 

COLLECTOR CAPACITORS SPEED SWITCHING 

—Capacitors acting with 3-ohm resistors in 

collector circuits provide energy storage to 

increase switching speed.—A. G. Lloyd, Speed-

Up Circuits Improve Switching of Transis-

tor Inverters, Electronics, 34:45, p 92-94. 

180K 

07 
2N527 

220 

Parts List 

Qb Q2-2N514 
D1- 1N1823 (27-volt double-anode clipper) 

R,-20-ohm 5-watt rheostat 

R1, R2-1 ohm, 5 watts 

R3, R4-150 ohms, 1 watt 

KzX 1.000 

T1 

BALANCE 
R7 

20 

5.6 

2N539A 

400-CPS INVERTER POWER AMPLIFIER—Has for d-c to 400-cps o-c inverter. Uses com-

low internal impedance and low distortion, pounded common-collector output stage. De-

to provide good output voltage regulation livers 55 w at 400-cps with only 2.4% total 

0 10 
2N539A 

On 
2N5394 

0.0022 

2NI099 

+28V D-C 

2NI099 

2NI099 

2NI099 

3 

II5V 
OUTPUT 

harmonic distortion.—R. Wileman, Linear Cir-

cuits Regulate Solid-State Inverter, Electron-

ics, 33:16, p 61-63. 
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02 

—32V 

01 

2N2468 

Q2 
2N2468 

0. I 

CORES: 
MAGNETICS INC. N1 . 30T NO.17 
TYPE 51017 — 2A (T1) AND N2 .141T NO.17 
TYPE 51035-2A ( T2) N3.9501 NO.22 

N = 4751 NO.20 

100 

04 

2NI073A 

0.015 R1 

I.9K 

0.06 

2.2K 

2.2K 

0.06 

0.0'5 .9K 

100 W AT 50 KC—Square-wave oscillator 

01-Q2 drives monostable gates Q3-Q5 and 

Q4-Q6 in parallel, and gates in turn drive 

push-pull amplifier using 25-amp transistors 

T2 

N4 8T 

VIN 

N3 
12T 

N2 

100T 

MAGNETICS 

50032- ID 
T2 3 

24 V D-C TO SQUARE-WAVE A-C—Will re-

place sine-wave source because square-wave 

output is modified by series saturable reactor 

to have same rms and average values as 

pure sine wave.— D. Levy, Replacing Sine 

Wave Sources with Solid-State Inverters, 

Electronics, 34:26, p 80-83. 

2,4, 

2N2467 6, 7, 
9,11 

2N2467 

MAGNETICS 
50032- ID 

•6 13 
NG 

3 

MAGNETICS 

50031-2A 

14 

3:5 

14,16 

61368F 

K = X 1.000 

07-08 to deliver 100 w to load at 50 kc 

with overall efficiency of 70%.—S. L. Chin, 

New Circuit Design Raiies Inverter Fre-

quency Limits, Electronics, 35:43, p 59-60. 

R1 

R2 

R3 

0 4 

R FB 

Cl 

C2 

C3 

T2 

Q1. Q2 
VIN 

LOW-VOLTAGE HIGH-CURRENT INVERTER— 

Converts output of solar cells, fuel cells, 

and other low-voltage sources to higher 

voltage sources. Currents up to 50 amp can 

be switched efficiently by 2N2728 power 

transistors used. Circuit shown provides a-c 

output which can easily be changed to d-c at 

0.752, 5 w 

0.752 5 w 

7.52. 5 w 

7.52, 5 w 

1 Q. 5 w 

20 id. 6 y 

10.000 mf. 6 v 

20 pf. 6 v 

Phoenix Transformer PX2127 

Phoenix Transformer PX2126 

2N2728 

2V 50A 

desired higher voltage by rectifying and filter-

ing. Use of two transformers minimizes core 

losses when switching high collector cur-

rents. Efficiency is 70% at 60 w output.— 

J. Takesuye, "A Low Voltage High Current 

Converter," Motorola Application Note AN-

169, Dec., 1965. 
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ARNOLD CORE 
6T 8043 Dl 

15K 

O: 
2N697 

IN457 

HOLD 
NOT 

30 

400 mA (Ave) 

HOLD 
NO.2 

! 144457IN457 

3K 3K CI 
0.0047 
• I 

I44457 I 

HO 
FROM 
PIN» 

(2NI036) 
TO SELECTOR 

CHARGE  
SCR GATE  

BLACK-LIGHT INVERTER—Operates from 2.5-v 

rechargeable battery and supplies 400 ma 

at 26 y to gas arc tube for portable ultra-

violet lamp. Efficiency is 80%.—H. F. Weber, 

"Low Voltage Inverter Features High Fre-

quency Operation with High Efficiency," 
Motorola Application Note AN- 174, Feb. 

1966. 

"1" TO GATE I 
MAiN SCR 

• • • 

0.015 
510 

15 
VOLTS 

SCR DRIVER—Two types of blocking oscilla- inverter.— R. J Kearns and J. J. Rolfe, Three-

tors generate required turn-on and turn-off Phase Static Inverters Power Space-Vehicle 

pulses for power-switching output stage of Equipment, Electronics, 34:18, p 70-73. 

CONTROL CIRCUIT CUTS INVERTER IDLING 

CURRENT—Reduces standby current to less 

than 1 ma. Sensing element is pair of back-

to-back silicon diodes, DI and D2. Used when 

a-c power must be available on demand at 

many remote outlets even though actually 

used only few hours a day.— D. W. R. 

ivlcKinley, Inverter Copirol Circuit Saves 

Power, Electronics, 34:31, p 56. 

R, 

D 

RELAY 

50-200 

100-500 

AUTOMATIC. 

1K 

R2 

10-200 

D- C 
INPUT INVERTER 

II0 VOLTS 
60 CYCLES 

A - C 
OUTFT3y 

MANUAL 

• • 

244458 A 
2 44254 
ETC 

47 

•  

14,-' h 52 i-

• 
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71 IS GE 9T33Y267 

L1 IS GE 97330266 

TRANSISTOR-MAGNETIC INVERTER—Signal 

conversion performance is comparable to 

that of electromechanical vibrator converters. 

For power conversion, can be substituted for 

dynamotor in producing high voltage from 

low-voltage d-c power source.— C. H. R. 

Campling, Magnetic Inverter Uses Tubes or 

Transistors, Electronics, 31:11, p 158-161. 

01 - GE 2N167IA OR USAF 2N490 
03 04 -GE 2N526 OR JAN 2N526 
03 D4 -GE IN4009 

T1 - GE 9793YI 338 

16-W 400-3,200 CPS SQUARE-WAVE IN-

VERTER DRIVE— Uses transistor mvbr with 

unijunction transistor to stabilize and control 

frequency. Efficiency is 85%. Has good fre-

quency stability. Square-wave outputs are 

used to drive d-c to a-c inverter.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 236. 

D2 
152157 

607 

601 

+ 26 

2407 LOAD 

2-KC SCR INVERTER—Circuit shows parallel 

inverter, but unijunction relaxation oscillators 

Q1 and Q2 could also trigger series inverter, 

giving symmetrical operation. Q1 operates at 

=-
500T 2 3 5001 4 

I 

1357 
7 

PARALLEL INVERTER FOR REACTIVE LOADS— 

Produces square-wave output under all load 

conditions, without creating high voltages 

across silicon controlled rectifiers during 

light loads.— D. V. Jones, Turn-Off Circuits 

TO for Controlled Rectifiers, Electronics, 33:32, 

p 52-55. 

{ EMITTER 
VOLTAGE 

01 OUTPUT 
PULSE j1/4_ _IL  _K_ _ k_ _k_ 
14 KC) - - 

- 4- PEAK 
VOLTAGE 

{ OUTPUT 
PULSE PEAK 

02 ( 2KC) VOLTAGE .........„„1„.....„...........„1„.- - ---- - — - - - - "e" VOLTAGE 
- 

EMITTER 

twice the frequency of Q2.—D. V. Jones, 

Turn-Off Circuits for Controlled Rectifiers, 

Electronics, 33:32, p 52-55. 

INPUT 
FROM 
ROLL 
CHANNEL 
DEMODULATOR 

6,800 

IK 

1,200 

+20V 

POLARITY 
REVERSED 
OUTPUT 

UNITY-GAIN INVERTER—Provides for differ-

ential roll motion of missile autopilot.—J. H. 

Porter, Miniaturized Autopilot System for 

Missiles, Electronics, 33:43, p 60-64. 
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TRANSFORMER WINDING SPEEDS SWITCHING 

—Addition of speed-up winding NI to con-

ventional transformer arrangement of in-

verter, with Cl in series with N1, increases 

switching speed. Clipping of resulting base-

collector voltage spikes is provided by net-

work DI-D2-C2-R3.—A. G. Lloyd, Speed-Up 

Circuits Improve Switching of Transistor In-

verters, Electronics, 34:45, p 92-94. 

SCR, 
GEC5D 

p4 e 00,0 

02 
TI 65569 

*R, 

100K 

DIRECT D-C 
COUPLING TO 
MULTIVIBRATOR 

n  +2v 
LOv 

+50V 

I D3 IN2071 

SCR2 
GEC5D 

10K 

lOOK 

OUT 

250V 

SCR, 
GEC50 

IN 100 
+2v n 
ov J L 

TRANSFORMERLESS SCR BRIDGE INVERTER— 

Slave-triggering of SCR1 and SCR2 with 

capacitive load cuts cost in half by eliminat-

ing costly gate transformers. Input of 800 

pps ( both half-cycles of 400-cps mvbr) gives 

+28V 

RATIO 
TRANSFORMER 

[151 
14 

II5V 
A-C OUTPUT 

VOLT 
ADJ 

2K 

1N457 

100K — 33 

K=X 1,000 

SCR4 
GEC5D 

400-cps sine-wave output with peak ampli-

tude of 350 v, because bridge switching 

inverts alternate pulses.— L. M. Tibbets, Scr 

Bridge Inverter Eliminates Transformers, Elec-

tronics, 39:18, p 98-99. 

ZENER 

220 Qi9 
22V 2N338 

QI6 QI7 
(2) 

2N338 
I.2K I.2K 

INVERTER REFERENCE ELEMENT—Accuracy 

and stability of d-c to 400-cps a-c inverter 

are achieved by temperature compensation of 

1N2169A zener reference element. Silicon 

0.047 IM 

IN457 

2N338 

LINE 
REG AD 

IN21694 
ZENER 
022V 

03  
330 

transistors are used where d-c levels are 

handled.— R. Wileman, Linear Circuits Regu-

late Solid-State Inverter, Electronics, 33:16, 

p 61-63. 

R9 
250 

5V. 
ZENER 

TO 
 VARIABLE 

GAIN 
AMPL 

INVERTER BASE SPEED-UP WINDINGS—Indi-

vidual speed-up windings and series capaci-

tors for each transistor base reduce switch-

ing times to as little as 4 microsec for 

2N174's and to 2 microsec for some german-

iurn power transistors.— A. G. Lloyd, Speed-

up Circuits Improve Switching of Transistor 

Inverters, Electronics, 34:45, p 92-94. 

2NI67 
IN704 

I2K 

HIGH IMPEDANCE SCHMITT 
INVERTER TRIGGER 

PHASE INVERTER FOR CODE CONVERTER— 

In addition to phase reversal of input signal, 

single npn transistor provides isolation be-

tween negative input pulse and core driver, 

which is Schmitt trigger having discrimina-

tion level within 10% of — 4.5 y including 

phase inverters. Signals below that level 

are disregarded. Signal range from 6 to 12 

y will rouse pulse output from Schmitt, with 

duration dependent on duration of input 

signal. When Schmitt trigger emits pulse, 

1N704 driver supplies 30-ma current pulse, 

writing a ONE into its associated core.— R. 

Wasserman and W. Nutting, Solid-State Digi-

tal Code-to-Code Converter, Electronics, 

32:50, p 60-63. 
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RCA 

—VB8 

LOGICALLY REDUNDANT INVERTER—Symmet-

rical design with series-based diodes makes 

inverter independent of any single compon-

ent failure.— T. Golstein, Reliable Circuits 

Through Redundancy, EEE, 11:3, p 56-59. 

500(1 
LOAD 

PARALLEL SQUARE-WAVE D-C TO A-C IN-

VERTER— Receives square-wave inputs from 

separate drive circuit ( not shown), causing 

Q1 to conduct half the time while 02 is 

blocking, and vice-versa. Current from 28-v 

supply flows alternately through halves of 

transformer primary, to produce 400-cps a-c 

voltage across load.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 235. 

r X1,000 OUT TO VARIABLE 
GAIN AMPL 

400-CPS FORK CONTROL—Tuning-fork oscilla-

tor gives frequency accuracy of 0.01% for 

d-c to a-c inverter. Consists essentially of 

two-stage amplifier, output of which is re-

generatively coupled to input through tuning 

fork.— R. Wileman, Linear Circuits Regu-

late Solid-State Inverter, Electronics, 33:16, 

p 61-63. 

POSITIVE FEEDBACK BOOSTS SWITCHING 

SPEED— Base resistors R1 and R2 allow addi-

tion of cross-coupled positive-feedback ca-

pacitors Cl and C2 to increase high-fre-

quency gain of feedback loop and provide 

energy storage to drive off transistor fully 

on when core saturates.—A. G. Lloyd, Speed-

Up Circuits Improve Switching of Transistor 

Inverters, Electronics, 34:45, p 92-94. 
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D-C IN 
50V AT 
2A 

03 
E1N538 

Ns 

CI 
—1,000 

50V 

E1 Np 

— == = — TI 

F,IKC 

R1 0 1.5K 

04 C2 

1N538 1'000.--
50V + 

rA-C 
OUT1 

T, II H 
1  

R,- I0 

C4I0 Q2 
2N154I 

0 
iN523e 3 

SELF-EXCITED HALF-BRIDGE—Uses only two 

transistors. Suitable for both two-phase and 

three-phase applications. Basic circuits can 

be connected in series for high-voltage op-

eration. Maximum transistor off voltage 

equals input voltage of half-bridge, making 

80-v inverter practical for germanium tran-

sistors and 150 y for silicon.—A. G. Lloyd, 

Half-Bridge Inverter Provides Economical 

Three - Phase Power, Electronics, 34:37, 

p 62-65. 

Ql 

2N49I 

OUTPUT 
40 I 

SYNC FOR SCR PARALLEL INVERTER—Double-

output pulse generator uses two relaxation 

oscillators synchronized by C3 to produce 

high-energy pulses alternately from two sep-

arate sources, in correct timing sequence 

from instant that supply voltage is switched 

INVERTER WITH CAPACITOR TURNOFF—Load 

power factor variations do not affect turnoff 
time. Varying trigger rate of 02 varies 

power delivered to R1. Trigger rate can be 

adjusted automatically for load regulation.— 

D. V. Jones, Turn-Off Circuits for Controlled 

Rectifiers, Electronics, 33:32, p 52-55. 

3.3K 

R PULSE 
RATE 

100K ADJ 

RY 

WRONG-POLARITY PROTECTION—Provides 

built-in protection of transistors in inverter 

from incorrect polarity of connection to 12-v 

battery. Used between inverter and battery. 

Green bulb G lights and relay operates for 

correct polarity. With wrong polarity, relay 

does not operate and red bulb R comes on 

to indicate error.—J. J. Pirch, Inverter Con-

trol, EEE, 11:3, p 44. 

on. Synchronism is required to prevent in-

verter failure.—SCR Parallel Inverters in Cor-

rect Timing Sequence, "Electronic Circuit De-

sign Handbook," Mactier Pub. Corp., N.Y., 

1965, p 66. 

+28 

0, 

2N492 

390 

T2. 

I:1 

390 

) 02 
C3SA X10 

03 
CIIA 

2 TO 6 
c, 

3.9K 

_ 

T3 
• • 

I:1 

IN91 

2 TO 6 IOT 100T 

PULSE 
WIDTH 
ADJ 

04 
2N492 

0.1 — 

rl 

02 
IN540 

K'S 1,000 
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No20 
N2' 50 
NL.25 

R, 

0.5K 
K.X1,000 

DIFFERENTIAL-MVBR INVERTER—Magnetic in-

verter circuit with differentially connected 

windings oscillates reliably without use of 

current bias. Small spike in square-wave 

output can be eliminated by connecting small 

capacitor between collector and emitter of 

each transistor.— C. H. R. Campling, Magnetic 

Inverter Uses Tubes or Transistors, Electronics, 

31.11, p 158-161. 

4 W AT 150 V FROM FLASHLIGHT CELL— 

Portable supply operates at 80% efficiency 

through use of rapid-switching transistors.— 

H. F. Weber, "Low Voltage Inverter Fea-

tures High Frequency Operation with High Ef-

ficiency," Motorola Application Note AN-174, 

Feb. 1966. 

ARNOLD CORE 

6T 8043 Dl 

DUAL-TRIODE DIFFERENTIAL INVERTER—Uses 

electron tubes as switching elements in place 

of transistors. Although tubes are less effi-

cient, availability of a suitable combination 

of voltage rating, current rating, and high-

speed switching capacity may make tubes 

better than transistors in some signal or 

power converter applications.— C. H. R. Cam-

pling, Magnetic Inverter Uses Tubes or Tran-

sistors, Electronics, 31:11, p 158-161. 

OuTPUT F,LTER 

Os 
00 

THREE-PHASE OUTPUT STAGE—Scr's provide 

power switching for static inverter designed 

to develop 500 w of three-phase 115-v 400-

cps power from input of 22 to 29 y d-c.— 

R. J. Kearns and J. J. Rolfe, Three-Phase Static 

Inverters Power Space-Vehicle Equipment, 

Electronics, 34:18, p 70-73. 



CHAPTER 45 

Latching Circuits 

A 

SET 

1N99 

120AC 
INPUT 

10K, t WATT 

10 OHMS, 1/2 WATT 

15 OHMS, I WATT 

0.25 MFD,200 VOLTS 

RI,R2  

R3.,R4 

R5  

CI,C2  

C3 0.5 MFD, 600 VOLTS 

SCR,SCR2- G-E C35B OR CUB 

CR, CR 2 G E IN1695 

A-C STATIC LATCHING RELAY—Is equivalent 

to single-pole electromechanical latching re-

lay with electrically isolated solenoid. Once 

turned on, circuit remains in conducting state 

even though line voltage is interrupted for 

TRANSISTORS DRIVE RELAY— Relay latches on 

with • 12 y set pulse at A, and is unlatched 

T2 

C SIGNAL 

MAGNETICS, INC ORTHONOL CORE 
#50007- IA 
A 5 TURNS -# I4 AWG 

B 200 TURNS- 0028 AV/G 

C 100 TURNS -# 28 AV/G 

MAGNETICS,INC ORTHONOL CORE 

#50007- IA 

A 5 TURNS -# I4 AWG 

B 200 TURNS- 4.28 AV/G 

long periods of time. Positive reset action 

requires that minimum load current of 1 amp 

flow whenever circuit is closed.—" Silicon Con-

trolled Rectifier Manual," Third Edition, Gen-

eral Electric Co., 1964, p 106. 

by 12 s reset pulse at B. S. E. Somme, RESET 

Unijunction Transistor Latches Relay With Short Pulses, Electronics, 38:9, p 62. 

327 
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G 
meg.(t yp.) 

- VGG 

PHOTOELECTRIC LATCHING RELAY— Photo-

sensitive fet serves as relay in light-activated 

smoke detectors, end-of-tape sensing in tape 

recorders, and light-activated alarms.— B. R. 

Smith, Light-Activated Latching Relay, EFE, 

14:8, p 167. 

F-400 

+V 

o I 1 CLOCK 

POSITIVE GATING OF CLOCK PULSES—Adding 

scr latch to diode gate allows output to 

follow clock input when 51 is closed. When 

Si is open, output will be fixed at existing 

f-

250 V 

NEON-PHOTOCONDUCTOR LATCHING CIR-

CUIT—Cadmium sulfide photoconductor PC 

and Ne2H neon lamps give low-cost latch. 

When neon C is energized to provide input 

to PCA, neon B remains on, independent of 

input A, due to feedback from neon B to 

PCB. Latch is reset by input to PCC.—J. L. 

Paterson, Will Neon Photoconductors Replace 

Relays in Low-Speed Logic?, Electronics, 

36:18, p 46-49. 

1N 270 

clock level, without putting extra count into 

register.— R. A. Wilson, Latching Gate Re-

moves Counter Ambiguity, Electronics, 39:7, 

p 91-92. 

RESET 
PULSE 4.3K 

01 
2NI302 

o RESET 
/ SENSING 

SWITCH 

+28V 

270 

02 CD 
2NI038 

K X 1,000 

IN2704 

330 

RESET 
COIL 

STEPPING 
CIRCUIT 
DISABLE 

5K 

STEPPER RELAY RESET AND LATCH—Reset cir-

cuit deenergizes flip-flop that controls coils 

of stepper relay, and provides latching to 

keep reset coil energized until wiper senses 

reset contact.— F. W. Kear, Coils Operate 

Stepping Relay at Higher Speed, Electronics, 

35:6, p 60-63. 

TRANSIENT-IMMUNE SCR LATCHING CIRCUIT 

—With 100,000-ohm resistor of silicon con-
trolled switch returned to 24 v, latching 

circuit for lamp is immune to transient spikes 

of up to 12 y as well as to rate effect when 

turned off.— R. A. Stasior, How to Suppress 

Rate Effect in PNPN Devices, Electronics, 37:2, 

p 30-33. 

R1, R3 10 K, 1 W, T1, T2 Magnetics Inc. 

R2, R4, 10 ohms 1/2 W, Orthonol # 50007-1A 

C1, C2, 0.25 p.f, 1-2 200 turns # 28 AWG 

SCR1, SCR2 ClOH or C35H 3-4 5 turns # 14 AWG 
D,, D2 1N1695 5-6 100 turns # 28 AWG 

CONTROL 
INPUT 

SCR A-C LATCHING RELAY— Relay is acti-

vated by d-c or a-c control current in single 

electrically isolated control winding. Can 

switch load power up to 1.7 kw. Uses mag-

netic firing circuit in which saturable core 

is not required to sustain gate voltage for 

full half- cycle, thereby permitting use of 

smaller core. Load current must be above 1 

amp for conduction to be maintained.—Solid 

State Latching Relay, "Electronic Circuit De-

sign Handbook," Mactier Pub. Corp., N.Y., 

1965, p 226. 
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RELAY POTTER I 

ANDBRUMFIELD I 

SL11DB 

TRANSIENT DETECTOR—Transient or other 

pulse at input turns on scr 01, pulling in 

dpdt latching relay. Q2 then charges C 

through R2 until emitter voltage of 02 is 

high enough to make it conduct and provide 

trigger pulse for 03 to unlatch relay.—D. P. 

Lynch, Unijunction Transistor Turns off Latch-

ing Relay, Electronics, 38:23, p 109. 

INPUT 

NE5IH 

ExTING. VOLTAGE 
55 
70 

FIRE VOLTAGE 
67 
90 H 

120 V A-C LATCH—Bidirectional controlled 

rectifier (G.E. Triac) replaces more compli-

cated scr or power transistor circuits for static 

switching of a-c power circuits. Can be 

adapted to simulate action of magnetic 

starter for a-c motor. Momentary closing of 20 

start switch (in circuit at right) latches Triac 

on and starts motor.—F. W. Gutzwiller, Sim-

plified 120 VAC Latching Circuit, EEE, 13:8, 

p 77. 

LOAD 

UJT LATCHUP FOR SCR's—Insures tha scr 

will turn on properly when driving inductive 
load under control of unijunction transistor. 

Circuit action holds unijunction in saturation, 

causing scr gate voltage to be continuous 

rather than pulsating. Values of R1 and Cl 

are chosen to give desired time delay.—J W. 

McAnally, Unijunction Latchup for SCR's Driv-

ing Inductive Loads, EEE, 11:7, p 31. 

7--

VOLTAGE DIP INDICATOR—Two neon lamps 

in parallel, with different striking voltages, 
form neon latch. After circuit is activated, 

next line voltage dip below preset level turns 

on lamp L. Circuit is then disabled until 

reset button is pressed.—T. D. Koranye, Thyra-

tron Monitors Line-Voltage Dips, Electronics, 

34:1, p 126. 

+12 V 

*344 

INPUT + 0.4 10K 

TO 0.65 
VOLTS TO 
IRIGGEP 

SCR LATCHING CIRCUIT WITH RATE-EFFECT 

SUPPRESSION—With basic scr latching cir-

cuit (at left) for latching on lamp when input 

voltage level is exceeded, resetting of cir-

cuit by opening supply lead exposes scr to 

fast transients and possible turn-on due to 

IN 

rate effect. Adding 100,000-ohm resistor 

and using four-terminal silicon controlled 

switch suppresses rate effect.—R. A. Stasior, 

How to Suppress Rate Effect in PNPN Devices, 

Electronics, 37:2, p 30-33. 



CHAPTER 46 

Limiter Circuits 

LAST 
455KC 
I-F AMPLr — —  

1 
I r 

MOBILE DISCRIMINATOR AND LIMITER—Two 

limiter stages in cascade precede Foster-Seely 

discriminator.—C. Gonzalez and R. J. Nelson, 

Design of Mobile Receivers with Low-Plate-

Potential Tubes, Electronics, 33:34, p 62-65. 

560K 

Ri 

A 10K±1% 
--"MW  

VIDEO 
INPUT 

VIDEO 
OUTPUT 

OUTPUT—>i 

.50%! 

IN3064 

VIDEO 
INPUT 

02 

2N1132 

R6 
5K 
LIMIT 
CONTROL 

1°" VIN PEAK =. 
—28V R9 

R2 O%VIN1.78K± I% -« "--

10Ki1%. 
 'VV10  R10 

I2ALS 

+28V 

AUDIO 
OUTPUT 

R6 
909 ± 1% 

R5 

1.331(± I% 

13 
20K 

—28V 

THRESHOLD 
2N1132 1 CONTROL 

+8V 

05 
2N697 

VIDEO 
OUTPUT 

95 

100% VIN PEAK R11 
3.65K + I% 

—28V 

VIDEO SIGNAL PROCESSOR—R10 adjusts 

threshold level and R8 adjusts limit level be-

tween which video input signal will be fed 

to crt display.—A. E. Popodi, Reliable Reper-

toire Of Display Circuits, Electronics, 38:2, p 

60-66. 

330 
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PREVENTS AMPLIFIER OVERLOAD—Zener 

6.8-v diode shunts output while feedback 

diodes limit input. With input below 40 mv, 

output is below 5 y and diodes DI, D2, and 

D3 are biased off. When output exceeds 

6.3 v, diodes act to clamp output at -- 6.8 

and maintain linear voltage relationships 

within the amplifier, preventing its satura-

tion and allowing recovery from overloads. 

—J. V. Dirocco and J. W. Peghiny, Low-Level 

Encoding Approach: Latest Details of Titan 

II Telemetery, Electronics, 35:47, p 36-39. 

80 DB DYNAMIC RANGE AT 8 MC—Uses five 

identical cascaded stages with filter to re-

store sinusoidal waveform. Phase- shift var-

iations are only 10°. Limits input signal by 

collector current cutoff only. Used in multi-

channel-tracking receiving system.—S. P. W. 

Stranddorf, High-Frequency Limiter Amplifier 

Solves Phase-Shift Problems, Electronics, 

35:46, p 44-45. 

UNREGULATED 
VOLTAGE E 
+20V 

GND 

CURRENT LIMITER 

R1 1 
'VYVV‘ 
R2 

Ql 

2N3638 

O 

R1 R2 
10 K 90K 

etN V2 

R3 

100 K 
We  

PI  
22 

It  
03 

R5 tf126 
100 1K 

R4 
12.5K 

Dl 
vo 

R3 

4.7K 

R5 

R4 10K 

10K 

L. 

REGULATED 
OUTPUT 
12V, 1 A 

1K 

05 
2N3054 

DIODE PAIRS—High-speed silicon diode pairs 

in two-stage limiter for telemetry, measur-

ing, afc systems, and f-m systems give 5% 

linearity over 6-Mc bandwidth. Associated 

discriminator uses two single poles resistively 

coupled to driving tubc.—High Speed Diodes 

Make Limiting Smooth, Electronics, 35:27, p 

80. 

C) 1 
R11 

RIO 0.01 

Q4 500 

1N3155 R8 330 1.2K P1 

I- 12 V 

8 MC 
BANDPASS 
FILTER 

OUT 

›, R7 R9 

•71: 390 330 

OUTPUT 
VOLTS 
ADJ Ct 

• 

02, Qs, 05 — 2N3565 
ADJUSTABLE CURRENT LIMITER- 01 conducts effect grounding base of 96, to prevent sig- Galluzzi, Adjustable Current Limiter for Reg. 

when current exceeds limiting value deter- nificant current flow in 03. Circuit resets ulated Power Supply, Electronics, 3 p 107. 

mined by setting of R3, turning on 02 and in automatically when overload is removed.— P. 
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470K 

10K 

i 200pF 

SUPPRESSING NOISES UP TO 1,000 TIMES 
SIGNAL LEVEL—Improved noise limiter for 

airborne transceiver uses large RC time con-

stant. Plate of detecting diode is negatively 
charged by a-f signal, held steady by C. 

o D C  

C: 

INPUT 30 

20K ;. 

K. XI,000 
6V 

O D-C 

45V 

X AXIS 
X Y 

RECORDER 

A A 
/ / 

O 

RADAR NOISE NOISE CLIPPER-LIMITER—Used in 

plotting amplitude-distribution density of 

noise and vibration signals over range of 1 

to 10,000 cps. Section A samples d-c biased 

input signal between zero and positive half 

of slice width. Section B similarly handles 

25v.rn_n_n 

2.2K 
• Of •:NN. 

INPUT D, 
83064 

2.2 

C 1 
INPUT 0.047 

0.051 

P- F 
OUTPUT 

For noise impulses, point A swings positively 

and limiter diode blocks rectified noise signal. 

—K. Makin° and T. Yamanaka, Servo-Tuned 

Transceiver for Airborne VHF Communica-

tions, Electronics, 35:1, p 82-85. 

3V D-C-1\-2\-_z 

SLICE A 

R5 

0 D-

C4 Y AXIS 
10 X -Y 

RECORDER 

SLICE 

0 Ei-Cw-- --- 
D-C 
AMP 

negative half. Output of B is inverted and 

biased in d-c amplifier to produce positive 

square wave. Recorder plots average of 

combined outputs from A and 8 sections.— 

D. J. Zoll, Simple Plotter Analyzes Radar 

Noise Rapidly, Electronics, 31:11, p 162-164. 

+12V 

0282481 

R5 
10K 

47K 

84 
10K 

86 
4.7K 

88. 
22K: 

811 
1.8K 

+150V 

5654/ 
6AK5W 
OR 

5840 

R3 
82K 

C2 
0.47 

OUTPUT 

PREFERRED VIDEO L MITER—Used to amplify 

and limit low-level video signals. Capable of 

handling very fast rise times. Maximum duty 

factor is 4%. Limiting level is within 35% of 

4.8 v, depending on variations in tube and 

components.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 21, p 21-2. 

22 

I poo 
µµFi 

FROM - 
LAST 
I-F AMP 

K. X1,000 

SYMMETRICAL LIMITER—Used in visual re-

ceiver of microwave relay. Signal is fed 

through triode cathode follower and diode-

coupled to grid of pentode. DI cuts off on 

positive r-f swing above d-c bias set by RI 

and R2, to prevent grid of VSB from going 

positive and provide clipping on negative 

swing.—T. G. Custin and J. Smith, Relay 

System Diplexes Audio and Color Video, 

Electronics, 31:25, p 64-67. 

+ 25V 

03 
83064 03 

)2N248i 

Rio 
10K 

10K 

04 
282481 

eR13 
3.3K 

Ri2 

180 

iry30> 

eR14 10K 

R16 
4.7K 

D5 

183064 
05 
28697 

06 
183064 

06 
2142481 

1717 

4.7K 

:818 
'10K 

07 
28697 

TO MODULATOR 

n n n  

ie179 
40 

DUTY-CYCLE LIMITER—When duty cycle ex-

ceeds 1%, countdown begins and duty cycle 
is held at about 1%. Uses voltage-controlled 

astable mvbr consisting of Q2, Q3, and Q4, 

which runs unsynchronized with input prf.— 

C. Samocki, Duty-Cycle Limiter,EEE, 13:9, p 76. 
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V2 
5726 
or 

5896 

RI 
220K 

-150V CI i5K 

0.1 

TO AGC 
DETECTOR 

VI 
5726 
or 

5896 

470K 470K 

C3 C4 

I ° l 
1510 

PREFERRED DETECTOR AND NOISE LIMITER— trical disturbances or impulse interference. book Preferred Circuits Navy Aeronautical 

Used in a-m receivers to demodulate i-f out- Audio output is 20 to 150 my rms, and upper Electronic Equipment," Vol. I, Electron Tubo 

put and reduce effect of short-duration elec- 3-db frequency is 7,000 cps.—N8S, "Hand- Circuits, 1963, PC 62, p 62-2. 

V3 
5726 

or 
5896 

AUDIO 
" OUTPUT 

TO HIGH FIDELITY 

tTMODE FOLLOWER 

AUDIO DETECTOR WITH NOISE LIMITER— Preferred Circuits Navy Aeronautical Elec. AUDIO DETECTOR WITH NOISE LIMITER 

Conventional 6AL5 series noise limiter and tronic Equipment," Vol. 1, Electron Tube Cir- Uses conventional 6AL5 series noise limiter 

diode detector are here augmented by elab- cuits, 1963, p N12-1. arrangement.—NBS, "Handbook Preferred 

orate tone control network.—NBS, "Handbook Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N12-1. 

FAST-ACTING LIMITER—Provides compression 

of sine or square waves with minimum of 

phase distortion. Feedback paths In two di-

rect-coupled transistor pairs improve limiting 

action of 100-kc pulse amplifier in which 

signals under 5 my get 35 db of gain, with 

gain dropping to unity as signal strength 

increases to peak of 400 my.—L. H. Dulberger, 

Pulse Amplifier with Nonlinear Feedback, 

Electronics, 31:45, p 86-87. 

K. XI,000 

  20V 
34.5MA 

5CM5V 

Os-
2N270 

EOUT 
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zSOURCE 

VIN 

V 
OUT 

(LIMITED) 

3-V BIPOLAR LIMITER— Upper transistor con-

ducts when positive input pulse exceeds 3 v, 

and lower transistor shunts excess current to 

ground similarly for negative inputs above 3 

475 TO HID,' FIDELITY 

AUDIO DETECTOR WITH NOISE LIMITER— 

Uses shunt limiter in conjunction with series 

limiter, so noise pulses are prevented from 

operating agc circuit and thus desensitizing 

i-f amplifier of communication receiver. 

Broad-band cathode follower is connected to 

output of diode detector.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube Cir-

cuits, 1963, p N12-1. 

2N404 

2N1605 

+20 

1,800 

+3V 

100 

100 

—3V 

1,800 

—20 

v, to keep output at 3 y for both polarities. 

Circuit provides own reference voltage.— S. B. 

Gray, Bipolar Limiter Reduces D-C Loss, Elec-

tronics, 38:24, p 65. 

AVC 
BUSS 

I MEG 

VO 
AVC 
RECT 

0.01 

8+ K,.X1.000 

CLASS-D CB NOISE LIMITER—Two-step noise 

silencing system is almost essential for 27-

Mc a-m receiver, because of ignition inter-

ference. Large noise pulse swings plate of 

V3 negative and cuts off diode V3, to pre-

vent noise pulse and audio signal from 

reaching volume control R3. Circuit recovers 

quickly, allowing audio signals to pass.— L. G. 

Sands, Citizens Radio Revision Spurs Equip-

ment Design, Electronics, 32:15, p 55-57. 
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Logic Circuits 

and gates 

+62v 

10 K 

o 441 

14  
0-14—* 

014. 
O }4 

o14 

+62v 

10K 

o  

+62v 

10K 

o  

0:144_ -t -62jv 

10K 

+68V 

GO 

60: 6: 6 
turns 

+235v 

or gates 

+2v 
-65v Clamping 

diodes 

Series diodes 

 0+62v 

6AN5 

-8v 

- 65v 

Direct 

Limiting 
diodes 

Positive 

1.25K 

UNIVERSAL NBS DIODE LOGIC CIRCUIT- De-

veloped by National Bureau of Standards to 

perform all required logic operations in two 

computers. Uses beam power tube for ampli-

fication of 1-Mc pulses, and transformer for 

coupling to subsequent levels.-Y. Chu, "Digi-

tal Computer Design Fundamentals," Mc-

Graw-Hill, N.Y., 1962, p 173. 

C2 
100 pF 

••••••  

10K 

LOGIC LEVEL SHIFTER-Common-emitter cir-

ruit of 02 shifts logic level from 1 6.8 y to 

6.8 v, .vith rise and fall times of 60 nsec. 

03 is buffer.-G. Marosi, High-Speed Level 

Shifter, Electronics, 39:5, p 105. 

Negative 

LEVEL SHIFTING CIRCUIT 

2 
2N1132 

-30V 

470pf 

+30V 

02 
1N9I4 

Ro Rg 

60 1,000 4V 
X • 

RO VB 

Y 
60 

R 
60 

GERMANIUM 

4.75M6 

Iv. 1.0mA 

4951AV 

GALLIUM ARSENIDE 

Ip: 5.9MA 

Iv: 0.25MA 

VE : 1,100MV 

02 

 • 

•  

CARRY 

FULL BINARY ADDER-Two tunnel diodes in 

series perform arithmetic function of full ad-

dition.- 8. Rabinovici and J. Klapper, Design-

ing Tunnel-Diode Circuits Using Composite 

Characteristics, Electronics, 35:7, p 46-48. 

-6.8V 

D, 
1N914 

03 

-30V 

GD 

-6 8V 

335 
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INPUT 

50pF 

READOUT 
OCT 

READ-WRITE AMPLIFIER—Each of 28 vertical 

circuits for coincident-flux memory consists of 

readout detector, bit register (flip-flop), write 

gate, and two-stage write amplifier.—H. F. 

Priebe, Jr., Three-Hole Cores for Coincident-

Flux Memory, Electronics, 33:31, p 94-97. 

.11III0 0 
234 56 78090_ 4 

cteL.......? 10 

RESET ADVANCE 

_L 
560 COUNTER 

R9 

RESET BUS 

I 20 
PROM I 
MEMORY 
SENSE 
WIRE 

2030 

2 2K 

2030 

5.IK 

BIT REGISTER 

HIGH-SPEED TUNNEL-DIODE BINARY—Tunnel 

diode with QI -Q2, driven by series of posi-

tive or negative pulses at input repetition 

rates up to 140 Mc, can provide pulses cap-

able of triggering successive pulse amplifier 

stages Q3, Q4, and C15.—W. V. Harrison 

and R. S. Foote, Tunnel Diodes Increase Digi-

tal-Circuit Switching Speeds, Electronics, 34:32, 

p 154-156. 

WRITE WRITE 
GATE ANIPLIFI(R 

IK ¿ 2030 4.7K 212030 1.5K 

-it _rt.. 
STROBE WRITE RESET ERASE VERTICAL 

REGISTER CLOCK 
IEND Of TINE-SLOT) 

COMMUTATOR 

:7374" 
neee7r.---eeee _L 

r-125 

1,200 

45V 

.+12V 

20  
21:611= iCe: AL COLUMN 

2013I 

220 

=-
0 1  -9 

INDICATORS 
IDENTIFY ..4.---...*--  

Re 

R9 ' KELLOGG NO.77400-9 * 

ALL OTHER RELAYS: 
IBM NO.196208 

ALL DIODES: 
HUGHES INI00 

HANDWRITING READER—Spelled-out digits ings, and several other characteristics of quenticd logic used for recognition.—L. D. 
written with wire stylus on striated conduc- spelled-out zero to nine, using only 12 re- Harmon, Handwriting Reader Recognizes 

five surface are recognized by detecting lays, 8 diodes, and 10 neon indicator lamps. Whole Words, Electronics, 35:34, p 29-30. 

risers, descenders, dots, word length, recross- Accuracy is about 97% with the simple se-
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RESISTOR-TRANSISTOR NAND/NOR GATE-For 

integrated circuits, 100-ohm resistor in base 

lead of each transistor reduces waste cur-

rent, increases fan-out, and gives logic swing 

of 1 v.-A. E. Skoures, Choosing Logic for 

Microelectronics, Electronics, 36:40, p 23-26. 

+100V 
0,1 

I. 

FROM 
MEMORY 

28. 

100 

9,1 

0,1 

vcc 

RTL NAND/NOR GATE 

GATE 

NE-2 

LOAD 

MACHINE I RESET TO MEMORY 
FIRST 

0 TO 
-4---- LOGIC 

INPUT SWITCHES 
(9) 

K X 1,000 

9.1K 

II S 56 Id 66 7d 26 9b. 46 36 

  «4..--TO MEMORY 

TICK-TACK-TOE LOGIC-Neon lamps serve as feree 

diode gates and indicate positions and 

moves on game board. Thyratron-relay com-

bination serves as memory, while relays re-

10K 
A- "------

'OK 
—Vv%---• 

10K 

10K 
D 

10K 2.8K ---
E -10 

THREE-STAGE ENCODER-With 2N1499 tron 

sisters, settling time of encoder for simultan-

eous multiplier is less than 0.4 microsec, and 

sequence to prevent two successive 

moves by either player.-C. E. Hendrix and 

R. B. Purcell, Neon Lamp Logic Gates Play 
Tick-Tack-Toe, Electronics, 31:25, p 68-69. 

1.8K 

+10 

( 22) 

C 2 10 K 2.5K 

86 lOX 

10 K 

10K 
D—VV%,--• D 

4.7 K 

2 10K .5K 

A —MA—e-m.n.,-
5K 10K 

' It 

10K 

4.71( 

+10 

(;) o3 

(20) 

+ 28 

  CO 

10K 1.54 K—÷-
E -10 E --Vs/9—..—.1,‘A.— - 10 

maximum time to produce 8-bit product is Circuits, Electronics, 35:6, p 48-51. 

about 1.2 microsec -S C. Chao, High 

Speed Encoding with Resistor-Transistor-Logic 
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OUT 
TO NO.4 
OF STAGE 
2 OF 
SHIFT 
REG 

2N706 

180pF 

10 
CI 

39pF 
SHIFT _1 
PULSE 

IX 1,000 

330 330 

2.7K 

OUT = 
TO NO.3 
OF STAGE 
2 OF 
SHIFT 
REG 

2N706 

IN461 
D2 

1N198 
D3 
CI 
9pFW 

IN 
FROM OR GATE 

HIGH-SPEED FLIP-FLOP—Used in producing 

complex pulse sequences up to 4 billion bits 

in length. Drives n- stage shift generator that 

provides modulo-2 additions.— B. K. Ericksen 

and J. D. Schmidt, Random Pulse Generator 

Tests Circuits, Encodes Messages, Electronics, 

34.25, p 56-59. 

PUMPED TUNNEL-DIODE TRANSISTOR LOGIC 

GATE—Nipo gate accepts negative inputs 

and provides positive outputs, while pino 

gate accepts positive inputs and provides 

negative outputs. With no inputs, 200-Mc 

pump or clock has sufficient amplitude to 

fire nipo stage tunnel-diode on positive half-

cycle and pino stage tunnel-diode on nega-

tive half-cycle. When input signal is present, 

pump cannot fire that tunnel diode; this is 

basic nor gate action, with output pulse 

only when there is no input.— E. Gottlieb and 

J. Giorgis, Tunnel-Diode Switching Circuits, 

Electronics, 36:27, p. 26-31. 

R, 

1N99404. ;5,0 

01 
02 

IN994 
• $ 

C6 R2 
0.1 51 

R3 

220 C1 
I27pF 

Re 
910 ONO 

110 

02 03 

0.1 

130 

130 

+6V 

3C. 

FROM 

_IA/ Cp 
0.2-2oF 

S5556 
D, 
COLLECTORS OF SHIFT REGISTER 

BLOCKING OSCILLATOR FOR SHIFT REGISTER 

—Used to generate series of ten pulses, 20 

nsec wide and spaced 40 nsec apart. Each of 

the ten blocking oscillator stages 01 is al-

lowed to overshoot and trigger the following 

stage through an LC coupling network that 

provides additional delay.— B. K. Ericksen 

and J. D. Schmidt, Random Pulse Generator 

Tests Circuits, Encodes Messages, Electronics, 

34:25, p 56-59. 

TO31iB 

- + 3V 

NIPO GATE 

1220 
  T, • I(  

( 11( 1,C0300 

200 MC 
I PUMP ¡ 

I 
t • 

130 

TO ' 
PINO ; 

 I GATES , 

1/2 
  BIT   
DELAY 

30C 

—3V 

+3V 

2N9I7 

PINO GATE 

TD311B 

OUTPUTS 
1TO NIPO 

820 03 510 
1N994 

510 

220 

0.1 

01 220 

510 8AG50 06 

O 150pF 

>:220 

910  08 Oil 
OUTPUT 

} 

FOUR 
STAGES 

DUPLICATE 

+D, Ri 

IN994 510 
oi 

02 Ot 
1N994 
y  

G6 j_ R2 
51 GND 

910 , 

Olo 

220 

0.1 

510 

100 =.-0.1 

R5 4 750 

• • 

¶0.1 R6 
220 0.1 

o 2 

110 

0.1 

DELAYED 
  CP 
INPUT 

TUNNEL-DIODE OR CIRCUIT AND ENVELOPE 

GENERATOR—Used as part of program pulse 

generator incorporating ring of four stages, 

diode-matrixed with ring of three stages to 

provide twelve-bit words at 30-Mc clock rate. 

C6 and R2 are a-c terminations for coax 

from output of ring counter.—W. V. Harrison 

Ge PNP TRANSISTORS 2N7Il 
Ge NPN TRANSISTORS 2N797 

and R. S. Foote, Tunnel Diodes Increase Digi-

tal-Circuit Switching Speeds, Electronics, 

34.32, p 154-156. 
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MULTIEMITTER TRANSISTOR ALTERNATES BE-

TWEEN AND/OR LOGIC—Circuit performs and 

function first, then or function. For inte-

grated-circuit construction, few isolated lands 

are needed.— P. M. Thompson, Logic Principles 

for Multi-emitter Transistors, Electronics, 

36 37, p 25-29. 

' 2K, 

300 

( AND) 

COMPLEMENT 
OUTPUT 
1: 1.3 

R5 

500 

INVERTING AMPLIFIER GIVES COMPLEMENT 

OUTPUT—Only one transistor has isolated 

collector, so only three isolated lands are 

needed for integrated-circuit construction.— 

P. M. Thompson, Logic Principles for Multi-

emitter Transistors, Electronics, 36:37, p 
25-29. 

NAND LOGIC GATE—And/or gate using pnp 

input transistors and npn output transistors 

is followed by three-transistor inverting out-

put stage. Gate has fan-in of 5.—C. R. Cook, 

Jr., and B. M. Martin, New Semiconductor 

Net,.nrkt Reduce System Complexity, Elec-

tronics, 37:2, p 25-29. 

3 

COMPONENT VALUES NOMINAL 
AT TA : 25°C 

G: -A-BC DE 

'g ill)) Q4 

4 3 

2K 

10R) 

; 

1K 

4(K 

2K 

-f 3 

OUTPUT 

500 

MULTIEMITTER-TRANSISTOR AND/OR LOGIC 
—Circuits may be coupled either directly or 

by multi-emitter transistor and gates. Com-

ponents show promise for integrated circuits. 

—P. M. Thompson, Logic Principles for Multi-

emitter Transistors, Electronics, 36.37, p 

25-29. 

3 
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0.1 

REWRITE DRIVER 

D
I
F
F
E
R
E
N
C
E
 
A
M
P
L
I
F
I
E
R
 

IN 

—I8V KiX1,000 

OW' 

DIGIT LINE DECOUPLER—Diode switch and SENSE AMPLIFIER—Minimum input required noise.—G. E. Lund and D. R. Faulis, Expand-

biasing network disconnect sense amplifier, from cores of random-access memory is 30 able Random Access Memories, Electronics, 

allowing common-mode signal of about 1 y mv, and minimum output pulse is 6 v. Amp- 33:11, p 164-166. 

to reach difference amplifier. This signal is lifier is balanced to reduce common-mode 

almost completely rejected at output, so amp-

lifier is ready for next cycle 0.5 microsec 

after end of rewriting.—A. Melmed, R. Shev-

lin, and W. Orvedahl, Diode Steering In-

creases Speed of Magnetic Memories, Elec-

tronics, 34:37, p 68-70. 

h 
d 

-I- 5 V 

0 2 K 

EASY 
AXIS 

+025V 

TUNNEL-DIODE THIN-FILM TOGGLING CIR-

CUIT—Supply biases film-diode combination 

at constant 5 y at 25 ma so two stable diode 

voltages are about 0.05 and 0.4 v. This 

means that bias current through film winding 

will flow in either of two directions, depend-

ing on state of diode.— T. A. Smay and A. V. 

Pohm, Design of Logic Circuits Using Thin 

Films and Tunnel Diodes, Electronics, 34:35, 

p 59-61. 

OUTPUT A 

I. INPUTS 

ENHANCED 

DI 

ID 5050 

pi 

TUNNEL-DIODE 

+ VCL SET 

Js 3V PK 
02 
H05000 

100mH 

I1F 
4.7K 

RT 

100 

VF VT. - 5V 0.6V 
NOR CIRCUIT— 

:3 
J5 ,/ 

o 

 . M OUTPUTS 

TO 

IN3129 

03 

FD7 

—ye 2V PK 

—vRESET 

circuit will operate above 100 Mc, at high 

Clock pulse through 02 triggers tunnel diode fan- in and fan-out, and uses low-cost parts. 

to its high voltage state to produce an out- — P. Chow and J. Cubert, A Key to Nono. 

put only when there are no inputs. Hybrid second Switching, Electronics, 36:42, p 42-45. 

OUTPUT B 

THREE-STATE LOGIC—With no input pulse A and B are both 1.5 v. With a negative restores state 1.—S. F. Summer, Two Unijunc-

(state 1), output A is zero and output B is input pulse ( state 3), A and B are both zero. tion Transistors Produce Three-State Circuit, 

1.5 v. With a positive input pulse ( state 2), A 12-v positive pulse at the reset terminal Electronics, 39:1, p 100. 
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350 4K 
D/ 

A 

01 

GATE 

V CC 

RCTL NAND/NOR GATE 

160 

GATE = 

RCTL NAND/NOR GATE—Resistors and capa-

citors in base circuits permit higher fan-out 

and give logic swing of 2 y for high noise 

vc cr + 6 

14  

DIODE-COUPLED NAND/NOR GATE—Designed 

for integrated circuits, arrangement gives 

unlimited fan-in and high immunity to noise, 

CI 
220 

INPUT I  
RI 
5.62K 

C2 
220 

° INPUT 2 
R2 
5.62K 

C3 
220 

INPUT 3  R3 
5.62K 

C4 
220 

oINPUT 4 
R4 •  

LOAD 

rejection in integrated-circuit logic.—A. E. 

Skoures, Choosing Logic for Microelectronics, 
Electronics, 36:40, p 23-26. 

24K 

-1.5 

LOAD 

vcc 

350 

D 

with 1.7 y logic swing.—A. E. Skoures, 

Choosing Logic for Microelectronics, Electron-

ics, 36:40, p 23-26. 

-6V 
CRI IN695 51.47K 

QI 
2N404 

02 
2N404 

03 
2N404 

04 

8 115.3,, e3R73K 
38.3K Re 38.3K 
R6 

2 AND 4-INPUT-PULSE NOR GATE—Circuit 

is special•purpose nor gate for computer, con-
trol, and communication equipment. Used 

for the and operation when a general-pur-

pose nor gate would be unsatisfactory be-

- 
+6V 

cause of possible spurious pulses in output. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 

Semiconductor Device Circuits, PSC 8 (Origi-

nally PC 211), p 8-2. 

R9 

OUTPUT 

15920 

COMPLEMENTARY RDTL NOR—Alternately 

provides 500-na base current to pnp and npn 

transistors, thereby using transistor rise time 

at both edges of switching pulse to eliminate 

R-C time constant fall times of output wave-

form. Design reduces power drain and 

speeds up rise and fall times by factor of 

15.—R. A. Tietsch, Complementary Microwatt 

Logic Circuits, EEE, 11:8, p 51-52. 

IN -10 

1510 

1-5 

300 
pF 

10 

1K 

+5 

K.X1,000 

150 
pF 2N706 

DELAY LINE 
(100 ihSEC) 

510 

10 

TO SEQUENTIAL SHIFT TO 
LOGIC HI-SPEED 

BLOCKING OSC F-F 

DRIVERS FOR SHIFT REGISTER—Inverter Q3 

pulses 300-ma drivers Q1 and 02 and feeds 

100-nsec delay line that provides time for 

shift register stages to reach final values in 

new state.—B. K. Ericksen and J. D. Schmidt, 

Random Pulse Generator Tests Circuits, En-

codes Messages, Electronics, 34:25, p 56-59. 

SHIFT PULSi 
TO REGIS. 
STA ES 

2K 

SHIFT PULSE TO 
REGIS. STAGES 

2K 

-3V 500- MC 
PUMP 

300 

120 

120 

PINO 
ELEMENT 

2N9I7 

STD606 

0.2 - I pF 

+09V + 3V 

TWO-INPUT PINO NOR GATE—Pumped solid-

state logic for uhf shift register using posi-
tive input-negative output gate gives 2-gc 

rate.—Tunnel Dlode-Transistor Provides Fast 

Logic, Electronics, 35:11, p 72. 
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I. 5K 

OTHER INPUT 
STAGES 

LOW-COST INVERTER AND NOR LOGIC—In-

expensive germanium pnp mesa switching 

transistor is used in basic inverter for high-

speed computer circuits. Nor circuit is ob-

tained by connecting other input stages to 

common collector load.— P. A. McInnis, "Low-

Cost Computer Circuits," Motorola Applica-

tion Note AN- 130, Nov. 1965. 

WRITE 

r 
READ 

—10 V 

—I0V 

DR I VER 

STORAGE-DIODE SELECTION MATRIX— Uses 

one diode per stored word. Four-word por-

tion of 256-word matrix is shown. Activa-

tion of switch followed by driver drives 

selected diode sufficiently to permit flow of 

+ 35V 

IN510 0 

68 

68 

IN5100 

+25V 

2N2576 120 

o--
READ 

Ve 

R, 600 
X —NM,— 

Y ----Mir —4.  

X 

Y' 

2' 

+ 35V 

J 82 

2N2905 

  2N3262 

100 1N5100 

o  

S SL49-4 

220 ) 

2N2410 

EMITTER-COUPLED TRANSISTOR AND GATE— 

Design gives manufacturing simplicity for in-

tegrated circuits without current hogging, but 

requires two power supplies. QD will con-

duct and QA, OB, and QC will be off when 

any of input A, B, or C are below 0.2 v.— 

A. E. Skoures, Choosing Logic for Microelec-

tronics, Electronics, 36:40, p 23-26. 

0.05 

R>> R b 

2e ob 

Pp 
20 

LOCKED PAIR—Ungrounded locked or Gota 

tunnel-diode pair permits logical inversion 

with no loss of speed or gain. Applications 

include converting analog television signals 

into pulse-code modulation.—C. L. Cohen, 

New Approach to Locked-Pair Tunnel-Diode 

Logic, Electronics, 35:31, p 46-47. 

e 15 
5 2W 

^.6,1 1.8K IN 
5100 

+25V 

22 1N5100 
2W 

2N3262 

 o 10V 

required read current. Write pulse is gen- P. Lawrence, Monolithic Ferrite Memories, 

orated when read channel of both switch "1965 Fall Joint Computer Conference Pre-

and driver are deactivated and write channel prints," Spartan Books, Washington, D. C., 

is activated.— I. Abeyta, M. M. Kaufman, and 1965. 

st e 

SWITCH 
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INPUT FROM 
"UNKNOWN" 
COMPARATOR 

+12V 

INPUT FROM 

"ZERO" 
COMPARATOR 

10K 

68K 

-12V FROM CLOCK OSC - 12V 
Q6 

2N404 

7 
2N404 

OR GATE FOR DIGITAL VOLTMETER—Ground-

level signal output is produced only when 

inputs from the two comparators are in dif-

ferent states. Transistor Q8 gates continu-

RECEPTOR-TYPE NEURON MODEL—Uses inte-

grator quench circuit. Outputs of 100 or 

more such neuron circuits are combined so 

experiments can be repeated consistently, 

CI 
180 

INPUT I 

INPUT 2 

RI 
5 62K 

C2 
180 

o INPUT 3 

INPUT 4 

R2 
5.62K 

C3 
ISO 

-- I(  

C4 
180 

R3 
5 62K 

R4 
5 K2K 

2 AND 4-INPUT NOR GATE—Performs gen-

eral-purpose and, or, and inversion functions 
in compatible set of digital logic circuits for 

computer, control and communication equip-

ment. Lan be used as and gate for positive 

levels or positive-going pulses, as or gate for 

10K 

10K 

-12V 

150K Q8 
2N404 

+12V 

2,200 

Qg 

2N404 

2,200 
TO 

DECADE COUNTERS 

BLANKING OUTPUT 

ously-running clock oscillator into decade 

counters of voltmeter.— R. C. Weinberg, Mod-

ified Ramp Generator Develops High D-C In-

put Impedance, Electronics, 37:8, p 33-35. 

with minimal interaction.— C. M. Wiley, 

Bionics on Program at Midwest's NEC, Elec-

tronics, 34:40, p 61-67. 

-6V 

CRI 
IN695 

01 

-I8V 

2N404 

R5 

+6V 

R6 

OUTPUT 

negative levels or negative-going pulses, and 

as inverter for both levels and pulses.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. II, Semicon-

ductor Device Circuits, PSC 7 (originally PC 
210), p 7-2. 

CLOCK 
READ OR 
WRITE PULSE 

HORIZONTAL 
ADDRESS 
(FIRST TWO 
BITS) D, 

X AMPLIFIER 

+I2V 

C/2 
2081 

Oh TRI) I 

I2V 

X AMPLIFIER FOR COINCIDENT-FLUX MEM-

ORY—Inputs to and gate are clock read or 

write pulse and first two binary digits of 

horizontal address, forming one of the two 

translations for horizontal matrix of 1,120-

bit memory.—H. F. Priebe, Jr., Three-Hole 

Cores for Coincident-Flux Memory, Electronics, 
33:31, p 94-97. 

+ 
=- BIAS 

1/2 I2AX7 

NeV.-
-.7 10K 

2 

1/2 I2AX7 

10K 

(12) 
10K 5K 

+10V 

2N73 

LARGEST-SIGNAL SELECTOR—Selects single 

channel that has greatest amplitude, using 

single nor-like transistor circuit per channel. 

Base mixer resistance network establishes 

signal bias level at greatest signal level en-

countered in all except designated channel. 

Channel transistor then conducts only when 

its signal at emitter is greater than all other 
signals.— L. R. Brown, Nonscanning Character 

Reader Uses Coded Wafer, Electronics, 33:48, 
p 115-117. 

M 

— 

HA NSIS OR-DIUDE NOR GATE—Low leakage 

and low storage time of silicon epitaxial 

transistor allow omission of base turn-off sup-

ply while giving medium-speed operation 

over wide temperature range, up to 2 Mc 

for two cascaded logic stages.— D. Hall, Using 

Epitaxial Transistors in Switching and R-F 

Circuits, Electronics, 34:13, p 52-53. 
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—10 

XIX 
DECODE 

ALERT 

PARALLEL NPN BASIC LOGIC—Serves as or 

gate for normally open switches and as and 

gate for normally closed switches. Provides 

phase inversion of input.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 388. 

TICK-TACK-TOE MEMORY—Nine memory cells 

are used, one for each position on game 

board. Circuit shown is for position No. 1. 

Operator moves are entered into board by 

pushbuttons on display panel, energizing 

TO RESET 
+100V 

50K 

8.28 

TO DIODE 
SELECTION 
MATRIX 

DIGIT LINE DRIVER—Uses diode steering to 

increase speed of memory.—A. Melmed, R. 

Shevlin, and W. Orvedahl, Diode Steering 

Increases Speed of Magnetic Memories, Elec-

tronics, 34.37, p 68-70. 

560K 

91.8 - I50V 

PARALLEL PNP BASIC LOGIC—Serves as or 

gate for normally open switches and as and 

gate for normally closed switches. Provides 

phase inversion of input.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 388. 

FROM FROM 
LOGIC SEQUENCER 

Kr X 1,000 TO LOGIC 

1„. 

self-latching relays of memory. Board moves 

are determined by a separate logic section 

that triggers thyratron of memory and en-

ergizes relay. Neon lamps indicate when 

each position is filled, and by whom.— C. E. 

Hendrix and R. B. Purcell, Neon Lamp Logic 

Gates Play Tick-Tack-Toe, Electronics, 3125, 

p 68-69. 
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EXCLUSIVE-OR CIRCUIT— Used in tester that 

shows computer memory performance under 

marginal drive currents by plotting shmoo 

curves. Memory error triggers single-shot 

and changes direction of Y generator from 

positive to negative along top of shmoo 

curve, and from negative to positive along 

bottom. Transistors are 2N706 and diodes 

are 1N921.—J. E. Gersbach, The Great Shmoo 

Plot: Testing Memories Automatically, Elec-

tronics, 3915, p 127-134. 

F2 

I 2K 120pE I 120pF 2K 

SHIFT 

RE 
SET 

3 
SHIFT 

TO AND TO AND 
GATE GATE 

FLIP-FLOP FOR SHIFT REGISTER— Used to pro-

duce complex pulse sequences up to 4 billion 

bits in length, at frequencies up to 1.5 Mc. 

Each flip-flop provides 10 ma when turned 

on and draws 0.6 ma when off.— B. K. 

Ericksen and J. D. Schmidt, Random Pulse 

Generator Tests Circuits, Encodes Messages, 

Electronics, 34:25, p 56-59. 

46V 
18.7K 

UNITS 
IN 6.986 
TENS 

N 6.986 
INHIBIT 
IN 6.98K 

K X ,,000 

909 
2N269 
64.9 

-18V - 6 V :7 

OUT 
P2 

2.87K 
TAI703O 

0, 

WORD SWITCH -Circuit is basically bilateral 

switch, wl•i ,h closes selected word circuit of 

memory used in Burroughs B-215 Visible Rec-

ord Computer. Units and tens inputs are 

used to select particular word. Third input 

to gate is for special-purpose inhibit in-

struction.—G. E. Lund and D. R. Faulis, Ex-

pandable Random Acce,.> Memories, Elec-

tronics, 33:11, p 164-166. 

FROM 
BINARY 
TRIGGER 

FROM 
SINGLE 
SHOT 

497 

10 K 

IN312 

+ 6V 

TO Y-RAMP 

GENERATOR 

RESET 487 

16 POSSIBLE 
FAN-OUT 

IN312 9 *87 

BISTABLE AND CIRCUIT WITH RESET— Uses 

resistance-coupled inputs to tunnel diodes. 

Gate is open when 1N3129 is on its nega-

tive-resistance slope, so reset pulse must be 

applied to close it.— F. Leary, Computers To-

day, Electronics, 34.17, p 64-94. 

50- MC 
PUMP 

50 

50 

50 

MAJORITY-DECISION— Balanced-pair tunnel-

diode arrangement with phase-locked tank 

serves as gate operating on 50-Mc pump.— 

F. Leary, Computers Today, Electronics, 34:17, 

p - 94 . 

A 
AND 
8 
AND 

IN3t29 

IN3129 

VARIABLE CAPACITOR 
SHOULD BE ADJUSTED 
FOR READING ACROSS 
IT OF 200-250 MV 
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+6V 

300 

rNPUT 

GATE 

+ 3V 

130 

130 

0.5-lpf 

VCC 

TTL NAND/NOR GATE 

3110 
(G. E.)  E° 

-NV\- -

T INPUT •—• 

PUMP 

0.5-Ip1 
130( 

3110 

130 

2N917 

PUMP NIPO 

1K 

VCC 
500 

500 

TRANSISTOR-COUPLED NAND/NOR GATE— 

Coupling transistor Q3 feeds its base current 

into base of inverting transistor 02 when 

gate Q1 is cut off. When Q1 is saturated, 

coupling transistor 03 clamps base of 02 to 

low voltage. Logic swing of 0.4 y occurs at 
high speed—A. E. Skoures, Choosing Logic 

for Microelectronics, Electronics, 36:40, p 
23-26. 

46V -18V 445V 

28.7K 2.32 K 22.6 K 
75pF IN34A 

C3 
TIMING 0.047 
IN 
DIGIT 
IN 8.06K 2N269 

2N269 

6V 

PINO 

VCC 

11< 

02 LOAD 

- 
300 

I2V 

43.4 

2N385 

COMPUTER FOR SIX-BIT BINARY OUTPUT— 

Pumped tunnel-diode-transistor logic at 300 
Mc converts outputs of converter subchannels 

into time series of six bits. In nipo element, 

OUT one or more negative pulses at input in-

hibits positive-going pulse at output; other 

element operates at opposite half-cycles at 

pump source and gives opposite action.— 
H. R. Schindler, Semiconductor Circuits in a 

UHF Digital Converter, Electronics, 36:35, p 

37-40. 

ODD-EVEN LOGIC—Accepts five binary inputs 

and produces signal at either of two outputs 

according to whether sum of inputs is even 

or odd. Schmitt trigger is used between tun-

nel diodes and load to boost output voltage 
to 9 v.—W. H. Ko, Unique Tunnel-Diode Cir-

cuit Performs Odd-and-Even Logic, Electronics, 

35.42, p 61-62. 

+15V 

OUT 

MEMORY INSERT DRIVER—Supplies current for 

inserting information in random-access mem-

ory.—G. E. Lund and D. R. Faulis, Expandable 

Random Access Memories, Electronics, 33:11, 
p 164-166. 

+24V 9.IK 

330 
5.6K 

2N489 
0 .0 1 

2N404 9-1E-4 

12V 

5.6K 

47K 04  

82K 2N585 

4.7K 

NEURON MODEL WITHOUT INTEGRATOR— 

Gives rectangular output pulses of either po-

larity. Catastrophic failure is avoided even 

6,800pF 

OUT 
I2V 
OV 

OUT 
OV 

111 I2V 

10K 
—24V 

if outputs become grounded.—C. M. Wiley, 

Bionics on Program at Midwest's NEC, Elec-

tronics, 34:40, p 61-67. 



LOGIC CIRCUITS 347 

A 

1 K 

10K 

4.7 K 
PNP EXCLUSIVE-OR LOGIC—For use with 0 

- 2v (ground) and —6 y logic system. Can be 

adapted readily to most other logic levels. 

10 K Produces logic 1 when inputs disagree.—Ex-
2N1302 

+ 10 v 

Output 

2N1302 

INPUT 

INPUT 

IN276 

15K 

47K 

+6V 

4.7 K 

— 2 v 

SERIES NPN BASIC LOGIC—Serves as and 

gate for normally open switches, and as or 

gate for normally closed switches. Provides 

phase inversion of input.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y, 1963, p 388. 

DOUBLE NOR GATE—Pulse repetition rate is 

1 Mc, fan-in is 3, and fan-out is up to 6, 

with 30-mw dissipation for 7-v supply.—Dou-

ble NOR Gate for Dense Packaging, Elec-

tronics, 36:12, p 100. 

D 

-10 

RESISTOR-TRANSISTOR NOR GATE—Circuit is 

basic building block of binary full adder for 

high speed encoding. Transistor is 2N1499. 

—S. C. Chao, High Speed Encoding with Re-

sistor-Transistor-Logic Circuits, Electronics, 

35-6, p 48-51. 

INPUT 

INPUT 8 

IN276 

I5K 

47K 

-I5V 6V 

NPN AND GATE—Two diodes act as conven-

tional and gate with transistor and its col-

lector supply, using few components. In-

tended for 0 and —6 y logic.—Exclusive OR 

INPUT A 

INPUT B 

+6V -100V 

NEON WITH PNP EXCLUSIVE-OR LOGIC— 

Neon lamp glows when inputs are in agree-

ment. Indicator will follow only one control 

level if other input is at fixed voltage such 

as logic 0, lamp will then turn off whenever 

control input is at logic 1. Similarly, if fixed 

C-141 

2K 

Ai , JO 

J 

EPITAXIAL NOR GATE—Operates at up to 8 

Mc from —55°C to -1-150°C.—D. Hall, Using 

2N404 

OUTPUT C 

IN276 

-I6V -6V 

clusive OR Uses One Transistor, "Electronic 

Circuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 213. 

TRUTH TABLE 

A 

O o 
o 

e  
o 

o 
O 

TRUTH TABLE 

B C  

N388 0 0 I 

0 I 0 
OUTPUT C I 0 0 

I I I 

1N276 

Uses One Transistor, "Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

p 213. 

TRUTH TABLE 

A B LAMP 

0 0 ON 
0 I OFF 
I 0 OFF 
I 1 ON 

voltage is logic 1, lamp will turn off when 
control input is at logic O.—Exclusive OR Uses 

One Transistor, "Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

p 213. 

vcc. 6 V I % 

0,619 K 

( A + + C+....1) 

37.4 K 

VBB .-- 6V+I% - 

Epitaxial Transistors in Switching and R-F 

Circuits, Electronics, 34:13, p 52-53. 
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RC-COUPLED BINARY STAGE—Typical switch-

ing times are 30 and 44 millimicrosec.—Philco 

MAT Transistors for Logic Circuits up to 5 Mc 

(PhiIco ad), Electronics, 33:17, p 50. 

PULSE 22,7 
INPUT 

21 

LEVEL 
INPUT 

lOnh 

OUTPUT #2 

+6V +6V 

1027 J,333 

+90mv 4- 90 mV 
12 nh I2nh 

Di Dz 
Ip=20ma I p..20mo 

75 pF 
rif— 

TIMING 
IN 8.06K 

01611 

+6V 

206 

8nh 

03 

p=35ma 

TUNNEL-DIODE AND GATE—Three cascaded 

monostable multivibrators provide required 

gain at 200 Mc.—E. Gottlieb and J. Giorgis, 

Tunnel-Diode Switching Circuits, Electronics, 

36:27, p 26-31. 

NOR CIRCUIT—With 2N834 epitazial mesa 

transistors, turn-on time is 80 nsec, and turn-

off 90 nsec, as compared to 111-nsec turn-on 

and 140-nsec turn-off for nonepitaxial 

2N706 mesa transistors in same circuit.—W. D. 

Roehr, Epitaxial Process Improves Transistor 

Characteristics, Electronics, 34:9, p 52-53. 

+90mV 

nUTPUTS 

i28.7K 

1<:X 1,000 

MEMORY DRIVER—Extract-driver circuit fur-

nishes current to extract information from 

random-access memory of Burroughs B-251 

Visible Record Computer.—G. E. Lund and 

D. R. Faulis, Expandable Random Access 

Memories, Electronics, 33:11, p 164-166. 

+6V 

- 
i2Onh 

+6V 

0 2 

p•25rna I5Imo 

TUNNEL-DIODE OR GATE—Two monostable 

multivibrators ore cascaded to provide cur-

rent gain at 200 Mc. Output is obtained 

when either of input currents rises above 8 

ma.—E. Gottlieb and J. Giorgis, Tunnel-Diode 

Switching Circuits, Electronics, 36:27, p 

26-31. 

+12V 

MAJORITY GATE—With odd number of inputs 
and resistor-summer, threshold logic transis-

tor is virtually off up to 0.5 y base-emitter 

voltage and on at 0.7 v. Output is inverted. 

—W. A. Sauer, How to Achieve Majority 

and Threshold Logic with Semiconductors, 

Electronics, 36:48, p 23-25. 

I8V 

OUT 

OUTPUT 
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HORIZONTAL 

ADDRESS 
(LAST FOUR 

BITS( 

CLOCK READ 
*RITE 

220 

Y AMPLIFIER 

Y AMPLIFIER FOR COINCIDENT-FLUX MEM-

ORY—Inputs to translator section of Y ampli-

fier are last four bits of address, which 

perform one out of ten translations for 

horizontal matrix of 1,120- bit memory.— H. F 

Priebe, Jr., Three-Hole Cores for Coincident-

Flux Memory, Electronics, 33:31, p 94-97. 

1 K 

10 K 

4.7 K 

- 2v 

10 K 

4.7 K 

-2v 

-10 v 

Output 

2N1303 

2N1303 

SERIES PNP BASIC LOGIC—Serves as and 

gate for normally open switches, and as or 

gate for normally closed switches. Provides 

phase inversion of input.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 388. 

820 

-0 IV 

THIN-FILM TOGGLING WITH TRANSISTOR— 

Use of transistor stage permits cascading as 

for counters. Tunnel diode, which controls 

conducting state of transistor, is biased to 

have output voltages of 0.05 and 0.4 v. 

Additional film winding is needed because of 

phase reversal by transistor.— T. A. Smay 

and A. V. Pohm, Design of Logic Circuits 

Using Thin Films and Tunnel Diodes, Elec-

tronics, 34:35, p 59-61. 

SINGLE-SUPPLY NOR GATE—Low storage time 

allows medium-speed operation without turn-

off base bias supply. Maximum is 1 Mc for 

two cascaded logic stages.— D. Hall, Using 

Epitaxial Transistors in Switching and R-F 

Circuits, Electronics, 34:13, p 52-53. 

MONOSTABLE OR CIRCUIT—Uses resistance-

120 

+4.5V 500- MC 
PUMP 

300 

30 

I 30 

NIPO 
ELEMENT 

ZJ 75 

ST0606 

0.2-1 pF 

+2 6 V 0 V 

TWO-INPUT NIPO NOR GATE—Pumped tun-

nel diode-transistor logic gives 2-gc rate for 

uhf shift register using negative input- posi-

tive output gate having gain of 3 and 50-

mw power drain.—Tunnel Diode-Transistor 

Provides Fast Logic, Electronics, 35:11, p 72. 

250 j 

NEON PHOTOCONDUCTOR INVERTER—Cad-

mium selenide photoconductor PC and Ne2H 

neon lamps give low-speed inverter action 

for logic circuits at low cost. Neon B is on 

when there is no input. When neon A pro-

vides input, PC turns neon B off.—J. L. Pat-

terson, Will Neon Photoconductors Replace 

Relays in Low-Speed Logic?, Electronics, 

36.18, p 46-49. 

,8 

Leary, Computers Today, Electronics, 34:17, p 

coupled inputs to drive tunnel diode.— F. 64-94. 



CHAPTER 48 

Magnetic Amplifier Circuits 

115V 400 CPS 

IN 

DI 
IN 456 

0.22 

22K 

2K 

5:1 

2N336 

18K 510 

100K 

220 

03 

IN457 

10K 

2K 

IN645 
14  

45V 

10V I 10V 

IN 645 
45V 

300T 

3001 

300T, 

3001 

3001 

30001 

 1E201 

IN645 

3001 0.02 

1N645 

IN459 IN459 

510 510 

IN459 IN459 

30001 

3001: 

300T 

3001 

0.02 

IN645 
01  

300 T 0.02 

IN645 

MAGNETIC AMPLIFIER—Used in aircraft fuel 

flow indicating system. Transistor preamp 

has stabilized gain of 350.—E. Van Winkle, 

A-C Controlled Half-Cycle Magnetic Ampli-
fier, Electronics, 34:15, p 75-77. 

LOAD 

nHMS 

06 

IN 457 IN458 

IN456 IN457 IN 457 IN 458 
K.XI ,000 

02 D4 De 

THREE-STAGE MAGNETIC SERVO—Has bal- to eliminate interaction between stages. deg, and follow-up rate is 300 deg per sec. 
anced two-core input, alternate-firing output Power gain approaches 60 db. Zero drift is —C. C. Voice, Magnetic Amplifier Drives 

stage, and synchronous interstage switches less than 0.25 deg, accuracy is within 0.5 Gyro Indicator, Electronics, 31:7, p 114-117. 

TUNED 
MOTOR 
IMPED 

AT 400 

CPS 

350 
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50 

L1 

120V 
60 CPS 

NR 

NL 1 N320 IN 320 

NL 

Nc 

NR 

Nc 

NF 

NR 

IN320 IN 320 

2.7 K 

R I 

I.6K 
830 300 

R5 

+25V 

60 

NR 

Nc 

NL 

NL 

Nc 

NR 

IN320 

IN320 

IN320 

IN 320 

30 

2 

--- -25V 

60 

28.8K 

64 

IN 320 3IK 
3.8 K 
65 

IN 320 

IN 320 

351 + 300V 

MAGNETICALLY REGULATED D-C SUPPLY— 

Magamps and saturating transformer main-

tain output regulation within 3% for varia-

tions up to 20 y in supply voltage. Silicon 

rectifiers in bridges convert a-c supply to d-c 
IN 320 output at five different levels. Article gives 

all transformer winding data.—M. B. Meunier, 

Magnetic Amplifiers Regulate D-C Supply, 

Electronics, 31:9, p 68-70. 

63 20 

— +500V 
23 

K.X1,000 

CONTROLLED 
CIRCUIT 

CR3 

60V 100 CPS 
CR 

360V 
3.9K 

CR4 

R1 

 eV"Y,IWY-Y-VVYY"\ 

320 V 
3.3K 

 e+YVVVYV1, ..-v,r,rs-

250V 
2.7K 

220V 

 ,e."/VVVVIIner\r\--, 

OPEN-FUSE DETECTOR—Magamp circuit uses 

bridge unbalance to operate control relay 

when protective fuse opens in digital com-

puter, to remove d-c voltages from fused 

section. One of 15 control windings of series-

connected magnetic amplifier is placed across 

each fuse, with appropriate current-limiting 

resistor in series with each winding. (Only 

representative control windings are shown.) 

—J. Maros, Magnetic Amplifier Detects Open 

Fuses, Electronics, 31:29, p 86-92. 

2000 

MODIFIED ANALOG MULTIPLIER—Input sig-

nal voltages are obtained from center-tapped 

2,000-ohm input resistor so that each signal 
may change its polarity. Circuit then pro-

vides unidirectional output voltage EL which 

is equal to square of ES.—J. Markus, "Hand-

book of Electronic Control Circuits," McGraw-

Hill, N.Y., 1959, p 103. 



352 SOURCEBOOK OF ELECTRONIC CIRCUITS 

110 
A—C 

IN 1203 
INI 203 
02 

1 SHUNT 
FIELD 

0, 02 
2N685 2N685 

r-

r - 
, INPUT I 
TRANSFORMER , 

• 

o 

r — 
1 03 

INI220 

IN 750 
03 

03 
2N 176 

R2 

250 

0 0 

r— 

CLIPPER 

-e 

24V 

24V 

R1 

150 
GATE WD 

MAG 

6 

IN 220 

11.'1750 

I50 
GATE WO 

  04 
2NI 76 

R4 

Vv-
250 

CLIPPER 

CONTROL WD 
L— — 

CONTROL WD 

0 

MAGAMPS CONTROL SCR BRIDGE—Single- emitter-follower used as clipper for each conductors Improve Reliability of Steel-Mill 

phase bridge is controlled by two half-wave half-wave voltage output. Used for adjusta- Control Equipment, Electronics, 34:23, p 
magnetic amplifiers each having a transistor bI. d-c field supply.—T. E. DeViney, Semi- 104-107. 

Es Rc 

 MA"  
IC 

400-CPS SERVO MOTOR DRIVE—Self-balancing linearity, and freedom from drift. Provides actors.—J. Markus, "Handbook of Electronic 

single-stage magnetic amplifier has h gh re- half-cycle response as operational amplifier. Control Circuits," McGraw-Hill, N.Y., 1959, 

sponse speed, excellent stability, excellent Article gives winding data for saturable re- p 107. 
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BALANCE CONTROL 
SI 

LOW VOLTAGE CONTROL 

TO BELT 
INTER-
LOCK 
SWITCHES 

K.X1P00 

RECORDER 

* 

• 

120V .7" EP 

400 CPS 

30V 

30V 

PI 

rP2 

30v 

PI 

30V 

NAG AMPL 

RESET CIRCUIT 
10K K3 

RL 

0.5K 

10K 

DIFFERENTIAL MAGNETIC INVERTER—Oscil- N1.20 

lotes reliably without use of current bias. N2.50 

Excessive drive will not cause transistor over- NL.25 

heating. Differential action of collector and 

emitter windings greatly improves perform-

ance as compared to c tional nondif-

ferential inverter and eliminates need for 

clipping diodes.—J. Markus, "Handbook of 

Electronic Control Circuits," McGraw-Hill, 

N.Y., 1959, p 103. 

500 

t 500 

s /at 
1N538 

1N538 

114538 N538 

E; 
OPDV 

2,000 

1N538 

4,000T 11 4000711 

RL2 

4 

Z1N53 

VII 4,000111 

R's2 

2000 

200( 

1N538 

• 1N53 

INS 

ES 
0-20V 

1.511 
t = N 

1,500T 
RE 

1,000 

112114E 

N 3i 

RE 
1,000 

RE 

C1'000 
10 

E2 
O TO;2.5V D-C 

woo 

Nc 
1,500T 

CONVEYOR-BELT OVERLOAD PROTECTION— 

Tachometers monitor belt slip and feed four-

leg magnetic amplifier which controls con-

veyor drive relay K2. If tachometer outputs 

do not match because of belt slip or belt 

failure, bridge becomes unbalanced, magamp 

output decreases, and K2 drops out.—F. R. 

Hulscher, Fail-Safe Circuits for Conveyor Sys-

tems, Electronics, 32:28, p 60. 

R2 

nr, 
.11 
o 
o 

2D▪ -

+1 

o 

50,000 Ri 

E, 

ti _7. 
0 TO 2.5V D-C 

K.X1,000 

FOUR-QUADRANT ANALOG MULTIPLIER— 

Uses two square-law multiplier circuits con-

taining only magnetic cores, silicon diodes, 

and resistors, to provide first square term of 

algebraic sum of currents 11 and 12, and sec-

ond square term of difference of these cur-

rents.—J. Markus, "Handbook of Electronic 

Control Circuits," McGraw-Hill, N.Y., 1959, p 

104. 
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FINE CT 

CORE 4 

CORE 3 

COARSE FINE 

COARSE 
CT 

CORE 2 

2.50 

13 

N 

09 
N,2 

N. 

LAG 

29 

R., 

Ni0 

N, 

N3 

N. D, N. 
CORE 

/15 V 
400 GPO 

R. 
R, 

N2. 

CORE 8 
82 

No, 

010 

R2 N 

R, 

2, 
L0111) 

CORE 6  
R4 

N,. 

CORE 5 

N. 
R., 

115 V 
400 CPS 

Core data: first and second stages 
Cores I, 2, 3 and 4 — Orthonol, 0.002-in. tape, 3/4 X 1 X 3/8 in. 
Winding data 

Core 1 Core 2 Core 3 Core 4 
NI N3 N13 
N2 N4 

N4 N6 
N7 N8 
N4 NIO 

N12 N14 

NIS N16 

Turns 
1,250 
1,250 
Tapped 
at 650 

600 
300 

1,000 
100 

CONTROL 
PHASE 

OF MOTOR 

Wire Size 
No. 34 
No. 34 

No. 37 
No. 37 
No. 37 
No. 34 

Output stage 
Cores 5, 6, 7 and 8 — Orthonol, 0.002- in. tape, 1 X 1 1/4 X 1/4 in. 
Winding data 

Core 5 Core 6 Core 7 Core 8 Turns Wire Size 
N12 N18 N21 N22 4,000 No. 32 

Tapped 
at 500 

N15 Na Na N24 7 NO. 32 
N26 Na 7 No. 32 

Rectifier data 
D3, D4, D5, D8 — 6 plates, selenium, 1 in. square, doubler-connected 
D7, D8, Dg, D10 — 6 plates, selenium, 1 in. square 
Di, D2, D11, D12, D13, D14 — 6 plates, selenium, 1/2 in. square 
Resistor data 
R13, R14, R1T, R18, Rig, R20 — 56,000 ohms, 1/2 watt 
R15, R16 — 100,000 ohms, 1/2 watt 
R21 — 150 ohms, 5 watt 

R 1,.. and R vary RI through R12, depending on amount of compensation 

Capacitor data 
C3 — 0.1 ,uf, 400 v, paper 
C1 and C2 — vary depending on amount of compensation 
Transformer data 
T1— Westinghouse, Hypersil cut core, No. 6H 

Windings 1,200 turns No. 30 wire 
Tap at 400 turns 

600 turns 
800 turns 

T2 — 115/2.5-v transformer for stickoff voltage 

TWO-SPEED SERVO MOTOR DRIVE—Consists 

of two conventional half-wave bridge-type 

stages driving full-wave slave-type output 

stage. Designed to replace former electron-

tube amplifier of two-phase servo system 

using fine and coarse control transformers. 

—J. Markus, "Handbook of Electronic Con-

trol Circuits," McGraw-Hill, N.Y., 1959, p 112. 

DOUBLE-BRIDGE OPEN-FUSE DETECTOR—Used 

with magnetic amplifier to disconnect d-c 

voltage from section protected by fuse that 

opens. Output of lower bridge is balanced 

against output of upper bridge by adjusting 

RI. Gives greatly increased sensitivity.—J. 

Maros, Magnetic Amplifier Detects Open 

Fuses, Electronics, 31:29, p 86-92. 

Tp 

Ep 

fP 

1L2 -.1E L 

CONVERTER 

18538 38 

ES2 
0-10V 
D-C 
  — 

BASIC ANALOG MULTIPLIER—Multiplies d-c 

voltages ES1 and ES2 in two-stage arrange-

ment in which converter is input stage con-

trolled by one signal voltage and multiplier 

is output stage controlled by other signal 

voltage.—J. Markus, "Handbook of Electronic 

Control Circuits," McGraw-Hill, N.Y., 1959, p 

103. 
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80K 

AC 

SUPPLY 

It 

I/ 

IN93 

100 

1,000-OHM LOAD 

CORE 2 CORE! 

80I< 

- 1N93 

  SIGNAL   

SYNCHRONOUS SWITCHING BOOSTS VOLT-

AGE GAIN-Synchronously switched biased 

diodes insert impedance in control circuit dur-

ing power half-cycle. During reset half-cycle 

bias rectifiers conduct and signal is applied 

directly across control windings to increase 

gain by factor of four.-J. Markus, "Hand-

book of Electronic Control Circuits," McGraw-

Hill, N.Y., 1959, p 115. 

Zi 
100K 

TYPICAL 

INPUT 

A- C 
POWER 
SUPPLY  

50 
CPS 20V 

100V 
20V 

BIAS 

20N 
0.05 iH 

20N 

IK IK 

CONTROL FROM 
TRANSMITTER DISC 

II7VAC 
210% 
60CPS 

(4) 
3-1N540 

300H 

TRANSMITTER 
KLYSTRON 

-1120V -750V 

100K 100 
OOK 

-300V 

(4) 300K 

4-IN540 — 
6H - 6H 
=_-

(4) 

620K 

3001< 

700T T70° -1-+ +-1- 7  
3-1N540 

6H 
=_--

10K 

611 

10K 

REFLEX KLYSTRON FREQUENCY AND VOLT-

AGE CONTROL-Consists of main regulation 

magnetic amplifier MA-REG for reflector of 

VA-222 power klystron in 6,000-Mc micro-

wave link, and secondary magamp MA-AFC 

Z1 100K TYPICAL 

20N 

20N 

0.05 
N 

0.05 
N 

20N 

N 

50K 

RD.A 
IS84 RO6A 

50K 

IT 

K 20N I 

N iTUR 

HR - 25 
SILICON 0100E 

CORE MATERIAL: 
POWER Sl-.-fed1F7P1 MO-PERMALLOY 

HALF-SQUARE MAGNETIC MULTIPLIER-Can 

be used as squaring function generator, 

quarter-wave multiplier, or two multipliers. 

Only one operational amplifier is required. 

50 

50 

500 

504 
4 

OUTPUT 

-T. Miura and C. Hirano, Reliable Magnetic 

Amplifier Improves Multiplier, Electronics, 

35:26, p 76-79. 

100K 
REC 
AFC 

100V 

-300V -400V 
Tip° 

REC 
KLYSTRON 

hat provides further regulation for repeller 

voltage.-J. Markus, "Handbook of Electronic 

Control Circuits," McGraw-Hill, N.Y., 1959, 

p 110. 

I-
o 
- a. 

HIGH VOLTAGE 
RECTIFIER 8 FILTER 

R3 

IN673 

4 

R4 T 
103 to ' O2U,3TOPOUV 
MEG I + 114% 
R5 

(15-50MA) 
MEG1.05  

SENSING 
AND CONTROL 

R2 

— 3;73‘.A2A 1--C 2 

TJ30A TJ30A 40 

(6) 
IN429 

L1 

MAGNETIC AMPLIFIER 

il 

-J 

MAGAMP REGULATES 2,300-V SUPPLY-Self-

saturating magnetic amplifier is placed on 

low-voltage input side of high-voltage 400-

cps rectifier and auxiliary winding is added 

for output sensing, to isolate control and 

sensing functions from high-voltage circuit. 

-W. J. McDaniel and T. L. Tanner, Regulat-

ing High Voltage with Magnetic Amplifiers, 

Electronics, 32:29, p 64. 
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Measuring Circuits 

DRIVE •  
COIL •  

READ 
HEAD 
INPUT 

AMPL 

CLIPPER LIMITER 

MAGNETIC TAPE SKEW MEASUREMENT-Mag-

netic strip recorded on tape is scanned trans-

versely with ring-type play-back head, and 

periods between output pulses generated at 

crossover points are measured. Cl acquires 

FD200 

3.2r — 17(71-
2.7K 

0.01 

FD200 

I 

2NI613 

IN995 

_L 
1N627 0.1 i  

680 

-2N1742 

10K 

60C PS 

ONE SHOT 

470K 
TO 
I.5M 

-150V 

positive charge for one direction of skew and 

negative charge for other. Output of detector 

of Cl, which measures this charge, is fed to 

difference amplifier having microammeter con-

nected between cathodes to read tracking 

100 
1N28I 
bé  

2N2048 

0.01 

02 
2N797 

2 .10.01 1N281 

_t_ _t_ 
3.2 = 0.01 

-= -= 

MOSSBAUER-EFFECT SPECTROMETER-Circuit 

makes effective use of transistors as current 

2201H 

1K> 12K 

IN 3713 

1N281 

100 
Ws,  

2NI500 

220PF IN994 
PI  

1N28I 
LIZ 

1N3713 

error.-B. R. Gooch, Magnetic Strip Keeps 

Tape Running True, Electronics, 36:2, p 

42-43. 

1011.2 

II — 

22K 

2N797 

2N797 

1/4 M4.7AZ 

2N1613 

amplifiers.-W. W. MacDonald, Electronics in 

Israel, Electronics, 37:3, p 23-29. 

8.2K 

12 

+18 

—18 

356 
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CI 1 1.5-7/4/iF 

RFC 30All 

2.2K 

427V 

L1 O.075ic14 
0.11µH L2 

01 
2NI143 

 I., RG58/U 

1 0.001 0.09gH: 

--:= . 11'4,2 ; I, 7F [ I 

4-I8V .-.----w.--•-1(  
2.2K — 21 0001 

IK 

10K 

5K 
+ 9V - — 

(210.001 

3.3K 
500 
03 
IN65 

4.7K 

TO 
ANTENNA 

7.7.7 

9V K:X 1,000 

R-C DIRECTIONAL COUPIER-Cnuples variable- uring voltage-standing wave ratio.-J. Hanson, 

frequency 150-175 Mc oscillator to vhf an- Unconventional Technique for Measuring 

tenna and furnishes incident and reflected VSWR, Electronics, 32:43, p 120-121. 

power samples to d-c amplifier for meas-

100 K 

BRIDGE CIRCUIT 

SHIELD 

CR 1 .z,r 
140 pF 

lo 

Icr 

Icr 
I o 
IL> 

o 

1C 3 

^ 470 pF 

CP1 
0.5- 5.5 pF 

50 
CONDUCTANCE 
BALANCE 

Cp 2 qL 

0.5-5.5 pFr 

CR 2 C4 
50 pFr T 510 pF 

VVC 1 

Ti- GENERAL CERAMIC FERAMIC CORE 

F 624-3 Q MATERIAL 
PRIMARY 10 t N0,26 ENAMEL 
SECONDARY 8t CT NO.26 ENAMEL 

R - CARBON POTENTIOMETER 

(DO NOT USE WIREWOUND) 

CRI ,C R2 ,Cp1 ,Cp 2 - AIR VARIABLES 

C3 AND C4 - SILVER MICA CAPACITORS 

PHYSICAL LAYOUT OF THE BRIDGE CIRCUIT 
MUST BE GEOMETRICALLY SYMMETRICAL 

L_ _ _ _ _ _ _ 
1 

10 
0.01 

10 

VVC 2 

100K 

ItIC 

TUNED 
AMP 

SCOPE 

V H 
— 0 o— 

HIGH Z INPUT 

_1 I 

SWEEP OSC D.0 LEVEL 

4-

CAPACITANCE-TRACKING TEST SET- Output 

signal voltage of capacitance bridge, pro-

portional to capacitance unbalance, is ap-

plied to vertical input of scope through 

1-Mc preamp. Horizontal sweep voltage of diode capacitance-tracking as function of 
scope is also applied as bias to voltage-var- bias voltage.- L. A. Weldon and R. L. Kopski, 

'able capacitances VVC whose tracking is Boost for Electronic Tuning, Electronics, 37:14, 

being measured, so scope display shows p 61-63. 
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MEASURING CONVERSION GAIN—Used for 

measuring input impedance characteristics of 

high-frequency transistor for operation 

beyond cutoff in special converter circuits. 

—V. W. Vodicka and R. Zuleeg, Transistor fi TUNEO TO 500 MC 

Operation Beyond Cutoff Frequency, Elec-

tronics, 33:35, p 56-60. 

34 

117:25.2 

117:25.2 

117:25.2 

4-1N2069 

4 -, N2069 

41N2069 

10 50 
 AAA.,  

r. 500 

fo- fL- fs .2MC ( TUNED) 

IN 751 
2N338 

2NI132 

2N2189 

10 250 I.4K 

HEAT ; 
SINK -- 00 

— 250 L _IN 1820] ---1 

COMMON-EMITTER BETA TEST SET—Switch 

permits testing both npn and pnp transis-

tors over wide current and voltage ranges. 

2N338 

2N338 

FEEDBACK AMPL 

NOISE-FIGURE MEASUREMENT OF R-F TUBES 

—Standardized EIA Committee circuit meas-

ures noise-figure of cascode r-f amplifiers 

with 95% repeatability. Jig circuit for tube 

under test has 200-Mc center frequency and 

10-Mc bandwidth.—T. E. Gausman, Standard-

izing Noise-Figure Measurement, Electronics, 

36:1, p 124-129. 

BUTTERFLY 0.1,000 4-

(REPLACES THE REGULAR AUTO-TRANSFORMER) 

00K 1,."ADJ" 
1  

HEAT SINK 
2N1047 

IN746 

IN 746 

2N497 

2N497 

06 , 
2N 1132—J 

R-F 
VOLTMETER 

TEST SOCKET 

I <E1 
RI \l'AD Ì"R2 

NPN 

0-100mA _ 

OH NIA --

0-25µA 

Two feedback amplifiers are used, one for Fresh Approach to Measuring Transistor Beta, 

npn and the other for pnp.—R. M. Mann, Electronics, 36:30, p 47-49. 
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MIXER FOR DISTORTION MONITOR—Com-

bines local oscillator signal with two input-

frequency tones without introducing distor-

tion, by using primarily grid-swamping tech-

niques.—G. H. Smith, Distortion Monitor 

Checks Linear Amplifier Characteristics, Elec-

tronics, 34:27, p 57-59. 

CEMENT-SETTING TIMER—Sample of cement 

is inserted as dielectric material in test-

tube capacitor, and admittance readings are 

made every 15 minutes using 7-Mc crystal 

oscillator with anode circuit tuned to 28 Mc. 

LOCAL 
OSCILLATOR 
INPUT 

Maximum admittance indicates end of set-

ting process.—.I. M. Tobio, Electronics Deter-

mines Cement Setting Time, Electronics, 31:41, 

p 88-90. 

+300 

TO 
CHANNEL 
FILTERS 

2N255 

E4 
I.34v 

MOISTURE METER—Maintains constant current 

for 20 minutes of heavy loading of conven-

tional zinc-carbon dry cells when measur-

ing moisture in pulverized coal or other 
powders, through use of inverse voltage 

feedback in two-stage direct-coupled ampli-

fier.—G. E. Fasching, Inverse Feedback Sta-

bilizes Dry Cell Current Sources, Electronics, 

32:41, p 78. 

IC 

MODE 
SWITCH 

VARIABLE 
TRANSFORMER 

115 V 
60",   

MERCURY 
RELAY 

TEST 
TRANSISTOR 

R1 

IK 

0.2 

VTVM 

CONSTANT 
CURRENT 
0-4 AMP 
SOURCE 

1.4 

0.2 

0-2 AMP 

5 VOLT 

THERMAL CONSTANTS OF TRANSISTORS— 

Astable mvbr generates 0.3-sec pulse every 

3 sec to drive mercury relay when mode 

switch is on TC contacts for measuring ther-

mal time constant of transistor under test. 

Constant power is applied between pulses, 

using cro as guide for keeping power level 

near normal steady-state value of transistor. 

Thermal resistance data Is obtained with 

mode switch on contact TR, where 60-cps 

supply drives relay.—H. Bauman, Practical 

Way to Measure Transistor Thermal Resis-

tance, Electronics, 36:7, p 66-67. 
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10v 

Test 

transistor 

1 ma 

0.1 MV 
Cal 

f 

0.1 i.tf Test 330 2 ° I 4f 1 m 

1,000 

100 2 
1% 

I , 

100 pf 

20db amplifier 

and 

1,000" filter 

MEASURING TRANSISTOR TRANSFER RATIO— h-fe when base current is held at fixed value 

Basic test circuit shown measures small- of 1 microamp.—Texas Instruments Inc., 

signal short-circuit forward current transfer "Transistor Circuit Design," McGraw-Hill, 

ratio of transistors. Gives direct reading of N.Y., 1963, p 70. 

0 1 mv Cal 

0.25 p.f 

5 Meg 

0.1 mv 

20 db amplifier 
and 

1,000", filter 

100 

V. 

MEASURING TRANSISTOR SHORT-CIRCUIT held at 1 microamp.—Texas Instruments Inc., 

INPUT RESISTANCE— Output meter gives di- "Transistor Circuit Design," McGraw-Hill, 

rect reading of h-ib when input current is N Y., 1963, p 70. 

20V 

PLAYBACK 
PULSE 
CHANNEL B INn 

4,300 pF 

-20v 
PLAYBACK PULSE 
CHANNEL A 
IN 

IL 

14.7K 

PULSE SHAPER 
(SAMPLING) 

•  

33K —8,200 

1 PF 

I.2K 

2N585 

2.2K 

2N585 

1001‘. 

2.7K 

—r-
3.9K 

-0047 

To,  
GATE BIAS VOLTAGE 

25K 

I RAMP GEN— IL- EMITTER FULL---H----SAMPLING GATE-11.--D C AMPL— 

ERROR 
vOLTAGE 
Oui-

MAGNETIC TAPE FLUTTER—Time of travel of d-c voltage. Boxcar detection circuit, ramp peak.—A. Schulback, Instantaneous Measure-

recorded pulse between two playback heads generator, and sampling gate detect flutter ment of Tape Flutter, Electronics, 35:19, 

on tape recorder under test is converted to components as small as 0.01% peak-to- p 93-94. 
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Test 

Test 
transistor 

UTC 
VIC•9 

0.001 

0 1 v 

0.1 /if 

UTC 
VIC-19 

1E VC 

MEASURING TRANSISTOR OPEN-CIRCUIT 
OUTPUT ADMITTANCE—Test set gives small-

signal value h-ob of open-circuit output 

admittance of transistor for common-base 
connection. Input voltage is held constant 
at 1 y and current is read as voltage drop 

+15V 

0 V 

0 V 

RI 
10 K 

DI 

GE 4009 

14  

WE 420M 

BURR 
BROWN 
1305 

Dz2 
WE 420M 

D2 

GE 4009 

COMPARATOR A 

2.211 

2.24 

SWITCH 
INPUT 

0.001 

11: 
R2 

Cal 

0.1 14f l 20 db amplifier 

i  and 
1,000^, filter 

0.1 mv 

10 v 

100 12 

1 000 

across 1K resistor. Voltage in my can then 
be read directly as admittance of 0.1 to 1 

micromho on 10-my scale of meter.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 71. 

—15V 

2N2222 

DIAMOND R4 
LSWITCH  1.5K 

R3 

1.5 K 

03 
2N2907 

R5 

3.3 K 

+15V 

---•--

05 
2N2222 

01 
2N2222 

R6 
3.3K 

06 
2N2907 

2N2907 

R5 

10K 

—15V — 15V +15V 

RI 

10 I< 

DI 
GE 4009 

14  

BURR 
BROWN 
1305 

R2 

1.2K 

GE 4009 R3 
COMPARATOR B 2.2K 

DIAMOND CIRCUIT MEASURES A-F PHASE 

SHIFT—Accuracy is 1% up to 2,000 cps. 

Used in computers and for high-speed analog 

SCHMITT 
TRIGGER 

0 V 

—6V— 

+ 6V-

0 V  

—15V 
instrumentation. Zero-center d-c ammeter 
indicates negative value for zero phase shift, 
zero for 90' phase shift, and some maximum 

t2 

t2 

t3 

t3 

—+6V 

144 

t4 

— —6 V 

SWITCH' 
OUTPUT 

o v  

METER 

12 t3f14 
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100K: 

C3 : 

0.1 

100K: 

C4 
0.1 

100K 
620 

220 

R4 

250K 
EXCITER 
ADJUST 

330: 

COATING THICKNESS GAGE— Oscillator V1 

and amplifier V2-V3-V4 apply 10-cps sig-

1 

1I7V 

20:1 

1. IK 
2W 

Di 
1N198 

R5 

250 
2.5W 

POWER 

5:1 

Sitt 

510 
13W 

R2 

510. 
I3W INI98 

:47 K 

V3 

I K 

0.1 M v4 

6A 05 

B + 

TI 

nal to magnetic-reluctance transducer held 

over coating up to 0.040 inch thick, un-

28V. Vcc 

PULL- IN CURRENT 1.4 MA REL AY II 

1.1 K 
2W 

R11 

IK 
2.5W 

2.5MH 2.5MH 

300 
2111 

0.0015µF 

TVSWR 

-„.-. 
 )1  

R9 

4.7 K 
0.5W 

03 0.01F 
INI98 

14 ..*A. 1 R10 R8 Qi 

1K 108 2NH9 
0.5W 2.5W 

D2 
x IN198 

300 
2W 

R6 

250 
2.5W 

0.0015µF 

POWER 

101_1-RANGES: 

RESISTORS ± 5% 
CAPACITORS ± 20% 
CHOKES ± 10% 

ALL RESISTANCE VALUES 
ARE IN OHMS. 

ALL CAPACITANCE VALUES 
ARE IN M1CROFARADS. 

/ SIB K X 1,000 

R3 

I.5K 
2W 

R4 
I.5K 

D-C MILLIAMP METER 
0 - 0.IMA 

R-F TRANSMITTER POWER AND VSWR MONI-

TOR—Standing-wave ratio is indicated by 

position of shaft of potentiometer R7 in 

bridge circuit, when switch is in vswr posi-

tion. Diodes D3 and 04 act with Q1 as 

alarm circuit that interrupts power amplifier 

R7 

I.5K 
2.5W 

VSWR 

D- C MILLIAMP METER 
- 0.1-0-0.1MA 
ZERO CENTER 

0.5W 

plate voltage when vswr exceeds preset 

limit. At other switch position, actual r-f 

output power in watts is indicated on d-c 

milliammeter—L. F. Stein, Versatile R-F Moni-

tor Shows Power and VSWR, Electronics, 

36 13, p 44-46. 

balancing transducer and giving output 

voltage proportional to thickness of coating. 

1.3K 

IN OUT 

LOG ATTENUATOR FOR POSITIVE PULSES— 

Output is proportional to log of input volt-

ages between 0.1 and 100 v.—C. D. Nail, 

Logarithmic Attenuator Spans Three Decades, 

Electronics, 36:46, p 47-48. 

GEN VIN 
-r -r 
1 

L1 
I 0.50 

L 

r N 
1,000/44•F 

VouT 

3E,OggF 

1,000ge F 1,0004/../IF 
EMITTER COLLECTOR 

--- - SHIELD BIAS BIAS 

TRANSISTOR POWER GAIN—Measures power 

gain as a function of frequency. When 

maximum oscillation frequency is approached, 

unilateral gain drops at rate of 6 db per 

octave. Input generator has 1 ohm internal 

resistance. Pi network matches transistor 
output to load resistor.— J. Lindmayer and R. 

Zuleeg, Determining Transistor High-Frequen-

cy Limits, Electronics, 32:34, p 31-33. 
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After amplification in V5-V6, this voltage is uring Thickness of Paramagne ic Coatings, Electronics. 34:8, p 48-50. 

rectified for d-c milliammeter.-P. Dick, Meas-

M1 
0-5VAC BALANCE 

WIRE THICKNESS GAGE-Uses principle of 

proximity detectors for nondestructive meas-

urement of moving copper wire thickness 

during drawing operation or on coil-wind-

ing machine. Wire passing through test coil 

acts like shorted turn of transformer, lower-

ing Q of coil. Stable 1-Mc oscillator and 

buffer drive vtvm that indicates variations 

in wire diameter for sizes down to AWG 46. 

-K. H. Jaensch, Wire Gage Provides Con-

tinuous Measurement, Electronics, 33:7, 

p 109-111. 

—15pF ^51  
DUMMY 
CAP 

, 5-30pF 
S2 

SI 

=0.01 

V6A V6B 
V2 12AT71/2 I2AT7 

0.0047:----

IOK 

M2 

0-200MA 

100 

t 
500 
faitF 

MICA 

TEST 
COIL 

OVEN 

r - — 

C2 1. 
500 — 1-F 

MICA 

• K X 1,000 

4.7 
MEG 

1- MC OSC 

6AH6 

BUFFER 
12AT7 +250V 

V2 STABILIZED 

220 

RANGE SW 

VTVM 

—0.5 

100K 

elOK 
0.25 2.2K 

.1e4•1» 
200K 

IOOK 

0.01 

124%7 

IM 

VI 

• GAIN 

2.2K 

SIG 100K 
0.01 AMPL 

I2AU7 
V2h, 

0.01 K1 

470K e470K 
0.25 2.2K 

+300V D-C 

  SIG OUT 

V29 

+3009 

SENS TEST 

97K 

RELAY 
1111AS 

I.5K 

33 

6SH7 
V3 

300 

400pF 
 1H^."— IF-
300pF 200pF 

1 0.25 2K 

e47K ilOOK 100K 

+300V... 

5692 
V4 

OSC 

—©— 

EX RING PAIR 
Mtn IN TANK 

LIQUID LEVEL-Nonconducting liquids change bridge operates recording galvanometer or Capacitance Change Indicates Liquid Levels, 

electrostatic capacitance of ring electrodes in indicator lamps to provide measurements of Electronics, 33:34, p 66-67. 

tank. Amplified error signal from electrode level accurate to 0.01 inch.--T. L. Greenwood, 
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20M 

(A) 

RI 01 (4)2524 

10M 
R 02 

I5M 
R3 

20M 
R4 04 

3 (4)100K 

R5 + 450V 

470K 

ECC8I 

9502E1 

v I 

270K 

150C2 

(12) 47K 

47 K 

22M 
100V   

50 CPS 

-1500V 

270K 

E F9I 

EF9I 

3.9M 

IN 

 e—N\Ar-
22K 

-ISO V 

200V 

85A2 

R6 
270K 

R7 
100K 

SCR 
(C9F, a2F, 
OR C40F) 

1 N 

3A 

1 ECC8I 
2 

2.2 M 

8 

R9 151 

330K 

11 

R12 

68K 

100K 470K: 

220K 

100K 

100K 

NANOAMPERE SENSING CIRCUIT—May be 

used as sensitive current detector or as volt-

age detector having high input impedance. 

Circuit input impedance is 100 meg. Input 

current of 40 nanoamperes charges C2 and 

raises emitter voltage of 2N494C to trig-

gering level. Cl and C2 then discharge, 

and resulting positive pulse triggers scr or 

other pulse-sensitive circuitry.—Transistor 

Manual, Seventh Edition, General Electric 

Co., 1964, p 326. 

t 220K 

220K 
'ego*  

TO 
A 
IN 

1B1 

220K 

05 

D7 D8 

2.2M 

V4 
ECC8I 

R13 

IM 

T 20 pF 

2.261 

--1(1  
680 

— 1 1 

+300V 

20K 40K 

100K 

TO SWITCH 
  CIRCUIT 

IN ( 8) 

100K 
3.9 M +150V 

500K 
e.--"V‘A,-4 200k 

220 

IN 

470K 

0.05 

3.9M 

I P4 33K 

RESET 
AND 
START 

RESET 
ONLY 

(B) 

S 

0.001 

33K 

S3 

Csj 470K 

/33K TO.1 

TO RELAY K1 IN (Al 

N 
2.2M 

ECC Ell 

+150V 

47K 100K 

EF9I 

33PI4 150K 

100K 

470K 0.1 
TV4B 

!ECM 2 

+300V 

470K 

iTéai 

50 
4 220K 

0.1 

2.2M 220K 

TO A IN ( A) = 

DENSITOMETER—Used in scanning X-ray dif- point-by-point values of optical extinction meter, Electronics, 34:3, p 64-66. 

fraction photograph and measuring densi- over the required area of the negative.— 

ties of hundreds of spots. Circuit integrates E. M. Deeley, Flying-Spot Integrating Densito-

0G7-36 

-300V 

+300V 

470K 

5M 

300V 
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3-260 MC TUNNEL-DIODE DIP METER-Os-

dilator is tunable in six ranges, using plug-

in circuits.-E. Gottlieb and J. Giorgis, Tunnel 

Diodes-Using Them as Sinusoidal Genera-

tors, Electronics, 36:24, p 36-42. 

BLOCKING OSC 

GR-874 PRL 
50 OHMS 

E e-e-

UNKNOWN 
CABLE 

20pF FOR 
0.150 TO 
0.5µS, 31 
150pr FOR 
0.5 TO 2.0µS 
CABLES I 

EXCITER 

PICK UP 

PROBE 4.7— 
pF 

3 
MEG 

I 2.6V 

1 

65-
340 
pF 

0.001 -

0.015-

550-
1600 
pF 

550 
1600 
pF 

450K 

‘, 

3-260MC C24 

VOLTAGE REG 

+ 300V 

2 

62K 

STD-633 

C2B 

GR- 874 PRL 
50 OHMS 

OUTPUT 
=. TO COUNTER 

47K 

V2 
0. 

0.01 

:47 

560 

C3 
0.05 

I.5V 

CHRONOTRON CIRCUIT MEASURES COAX 

DELAY-Secondary-emission tube VI (EPP-

60) in blocking oscillator generates millimi-

crosec pulses that are fed to unknown cable 

through anode transformer. Pulse reflected 

back from open-circuited end of cable is 

coupled into grid through same transformer 

to initiate new pulse. Resulting pulse repe-

tition rate, proportional to cable delay, is 

measured with 10-Mc digital counter.-E. F. 

Laine, Getting Subnanosecond Precision in 

Coax Cable Delay Measurements, Electron-

ics, 36:5, p 39-41. 

• 6SJ7 

o 
cn 25 

4.7K 4.7K 

62K 

R4 
100K 
ZERO 

PORTABLE COATING THICKNESS GAGE-Uses curacy 5%.-P. Dick, Measuring Thickness 

magnetic saturation to measure thickness of of Paramagnetic Coatings, Electronics, 34:8, 

up tu 0.020-inch paromagnetic coating on p 48-50. 

nonmagnetic base. Weight is 40 lb, and ac- " 

i60 
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INPUT 

,996.5 1,999 
Ve• 

190K 

IV PROPAGATION TIME— Inverter circuit chain 

was developed to measure propagation time 

of 2N834 epitaxial mesa transistors. Pulse 

is applied to input, and outputs at 1 and 2 

compared to get shift for four stages. Typi-

cal time measured was 4 nsec per stage.— 

W. D. Roehr, Epitaxial Process Improves 

Transistor Characteristics, Electronics, 34:9, 

p 52-53. 

*1.R3 AND R4 TO BE MATCHED WITHIN + I% K, X 1,000 

** 2.03,04, D5 AND DA TO BE MATCHED *** 3.TWISTE0 WIRE CAPACITOR 

12 

S,4 

12 

CY3 

SIB 

1,993.5 

5.5 

699 

47.6 

!() 

9 

10g,t4F 

3 9 0 K 
3 0 g. F 1  

29.5 

470 
IN 

0.0(04 

2 00 K 

70.05 
12 

3 

4 
0- 

P  S E 7  

100 

SIF 
20MEG 

iMEG 

GT762R 

500 

204 

- 4v 
• 

ZERO R2 

MEG 

47K 

2004 

4 

5 

8i)71:°\ K 

•  

47 ir<°K 4,7K 

6,948.9 

537 

190K 

2 

10 
SIC 

9 -80,e4t F 

198,053 

=—= 

1192 5K 2K 

VIN  

470K 

4.7 MEG 

1K 

68e4cF 

SID 

2.2K 

-1.3V 

0.01 

 )1-
2NI69 

10K 
NY. • 
10044,F 

4 V "r7-_ 
+ — 

0.0 0 I 

OK 
47K 

10 

+4V 

Ci 0.1 

4.7K 4.7K 

2 
4.7 

 I 

Ti 
GT762R 

BA NDPASS 100K 

CARRIER AMPL 

I ti • I J e I 

=0.04 

3 

47K 04 
  2h 169 

10K 
NM.  

(21 
GT 762R 

RIO 
22 - 10 1--- „ 470K 

10 :77   ") • II • sees 

j
101,e0 ';,1 (...77.: ,R,:e 
8 C2 0.01 

4,.70 100 

05 

GT762R 

1 00K 47K 

C4 

47,u/2.F RA 

30K 

LOW PASS 
FILTER 
* * 
05 R13 

01  100K 10K 
06 

1.3 v 

RI4 

TEST 
POINT 
A 

RH R12 

22K 470 
C5 

200 

2NI69 
2 2 

 II-
220 0.0 

C6 

200 

It 

I I5V 
50-440 

UPS 

_L 

T3 

r1-1 

1-54c4F 

10 

z 2,000 

0.33 

 )1  

150 

7 

22 
360 

WIEN 
BRIDGE 
OSC 

N 5 4 0 A 
Q, 

470 

4-0+-- 
R 5 

RING 
DEMODULATOR 

100 200 

400- CPS 
CHOPPER 

R 5 

10 K 

3.91 
Rie 

°.C' 2K 

3.9K 

STRAIN-GAGE AMPLIFIER— Positive and neg-

ative feedback to bridge-type transformer-

coupled input circuit provides high-imped-

ance floating differential input in d-c to 25-

kc amplifier. Bridge balances out common• 

mode signals that arise in data acquisition 

systems, where pre-amplifier ground may be 

hundreds of feet from transducer ground. 

Floating output delivers low voltage at high 

current for recorder or analog-to-digital con-

verter. Linearity is within 15 microvolts from 

d-c to 25 kc. Chopper stabilization keeps 

input d-c drift below 0.5 microvolt during 

40-hour run.— R. S. Burwen, Amplifiers for 

Strain Gages and Thermocouples, Electron-

ics, 32:30, p 43-45. 
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50 

CABLE TERMINATION FOR VELOC1METER— 

Amplifier restores leading edge of sinusoidal 

signal that has travelled through up to 

35,000 feet of cable from deep-sea veloci-

meter. Frequency is then doubled by diodes, 

for ease of counting.— L. Dulberger, Deep-

Ocean Velocimeter Aids Sonar Systems 

Design, Electronics, 34:22, p 41-43. 

RFC 
2.5 
MH 

V6 
0.001 6BA6 

INPUT 

50MV 
3.5KC 
—L 

0.i 

2.514.—) El FILTER 

SWITCH 

V2 500K 
6L6 0.001 

0.001 

62K 

12-62 
p.p.F 

UTC 
LS30 

IN34 

1.5K: 

27K: 

39 — 
µFF 

256 

5 

TO L—F CHANNEL ", 
V8 I2AU7 8K 

--
60 

61346 
0.0 01 GALS 5V 

11111 

6V 
10V 

50V 
<u.ww 

o csom  K/ 
50k 500K 1 . 

THICKNESS GAGE COMPENSATOR—High-fre-

quency channel (256 kc) compensates for 

variation in probe-to-specimen spacing in 

eddy-current thickness gage for measuring 

OSCILLATOR DETECTOR 

1.5 K 

3T 
GOLD 
WIRE 

1 

ROTOR 

50 — 

5 

0071 
Q3 

C2 -1-50 T-0.05 

6.5V 

TO 
0.02 FREQUENCY 

COUNTER 

2N4I4 
8 OUTPUT I 

.A .A6V 

7KC T 
 +6.5V 

cladding on reactor fuel elements.—W. J. 

McGonnagle, C. J. Renken, and R. G. Myers, 

Improved Nondestructive Testing by Eddy-

Currents, Electronics, 32:35, p 42-43. 

AMPLIFIERS 

6.8K 

_5.1 0 8.2K I M 

• • • 
PORTABLE FLOWMETER—Impedance between 

gold wire and blades of water-driven pro-

peller changes a small amount as each 

blade passes within 0.1 mm of wire tip, 

giving amplitude modulation of 15-kc car-

rier generated by C11. After demodulation, 

0075 50 

82K 

04 

0.05 

0A81 

0C45 
05 

81STABLE PAIR DIODE PUMP INTEGRATOR 

12K 10K 6.8K 

HIGH 
FLOW 

07 
0A220 

08 
OAZ204 

0.025 

D6 

0A200 

OC201 

• • s. 

signal at propeller frequency is amplified, 

rectified, and integrated to drive velocity-

indicating meter.—I.. Molyneux and .1. M. 

Edington, Portable Propeller Flowmeter De-

termines Water Velocity, Electronics, 34:25, 

p 60-62. 

READ 

-o OCHECK 
OFF 

9V 

BAT. 
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CAPACITANCE METER—Milliammeter indicates Mosinski Capacitance Meter has Linear 

capacitance values over any desired range Scale, Electronics, 35:12, p 64. 

on linear scale having zero at right.—W. 

0-1 

K2». 

R2 C-.)-
680 

47K 
22 

5.6 K 

2 
I(  

C3 
5 

C4 
0.01 

2N43 

10K 

2 

82K 

8.2K 47K 

¡MOO 

SELECTED 
IN TEST 

0.01 
1  

2N43 

47K 5.6K 

IN305 0.01 

>I 1 

j10 K 

10K 

470 

5.6K 
22 

4 

2N43 

22 
5 

1800 

2N43 

10 

120K 

22 

IN305 

COMMAND 
RELAY 

NC oS 
1 
t  

NO 

)Ki 

SENSING 
COIL 

+BATT 

TRANS 
BAIT 
SWITCH 

3 I5,u.H 

5pF 

BATT 

100 

nny «.-3154H 

15 F 

18 K 

11041 

1000 

82 560 

2N43 

l< 3 

r e-T315µH 

5pF—.6p 

315µH 

5pF 

5pF 

5pF 

315,1H 
 gY(r • 
5pF 

0.0_1  

 t K4 R3 R4 C5 
10 10 Ills   

  1N305 

K ,-- X 1,000 

82 

o 

10 K 

6.8 6.8 

1 

IN305 

2.7K 5pF 

MOD 
TRANS-
FORMER 
IN %MTN 

IN4611 

22 

2N43 2N43 IN461‘ 

8.2K 22 33K 22 

227-: 6.8K 1.2 K .=.22 

PROTON PRECESSION MAGNETOMETER—Used measurements at altitudes of 510 to 3,750 

in Vanguard Ill satellite for magnetic field km.—D. Mansir, Magnetic Measurements in 
Space, Electronics, 33:32, p 47-51. 
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[ ( WITH LOW- FREQUENCY BOOST FOR DETECTOR COMPENSATION) 

PHILBRICK 
OUTPUT AMPLIFIER 
0 TO -30 V SK 2- V 

FET PINCHOFF VOLTAGE-Measures gate-

source voltage while drain current is below 

0.1 microamp, to give value that matches 

pinchoff voltage of let-B. R. Smith and 

I. C. Chase, Matching Gate Potential to FET 

Pinchoff Voltage, Electronics, 38:16, p 81. 

01 

2N404 

0-u-

INTERROGATE 

INPUT A-C AMPL 

INPUT 
==== 

R34 CI 

+ 20V 

16) 
2N335A 

o, 

R2 

R3 
56.2K 

R6 

47K 

02 

C. 
0.022 

r«Di 

Ry 
10K 

R7 

4.7K 

DI 
4.5V 

3 

Re 
6.8IK 

R9 

2I.5K e 

Cy 

331 

(2) 
1N482 

Cy 

22 

.1 K 

LOW-LEVEL CURRENT DETECTOR AND MEM-

ORY-Unknown current lx charges Cl. Op-

eration of relay K1 by interrogate pulse dis-

charges Cl through tunnel diode, initiating 

switching of diode if in low-voltage state 

and unknown current k correct polarity. 

Lamp in transistor amplifier glows when tun-

nel diode is in high-voltage state. Currents of 

one picoampere can be measured.-C. D. 
Todd, Tunnel Diode Detects Currents Down to 

100 Femtoamperes, Electronics, 36:14, p 

33-37. 

INTEGRATING A-C AMPL 

680 

C)110V 

10V 

C6 
0.01 

R10 04 
50K 

R11 
2I5K 

C7 
6.8 

R13 

21.5K 

c, 
0.022 

11,4 

46.4« 

D2 

10V 

 PEAK-TO-PEAK READER —1 

MILS 
FULL 
SCALE 

15 

5 

15 

5 

VALUES 
LOW 
FREQ 
COMP R1 

YES 

YES 

NO 

NO 

06 

o, 
2N497A 

e Rly R16 

>470 300 

I7.86 

I7.8K 

100K 

100K 

R19 

220 

RIS 
2I5K 

FOR 60 CPS INPU 

C2 

0.75 

0.75 

3.3 

3.3 

CI 

10 

33 

100 

100 

105H 

35H 

o 
o 

L2 

235H 

235H 

o 
o 

Ree 

3.I6K 

750 

42K 

I4K 

04 07 

Ce T9G IN482 

20 

D3 

T9G 22 10K 

R12 
2I5K 

R17 

200 

06 
T9G 

. 1 
Dy -1- C12 R21 

.L 0 T9G 1 100K 

-15V 

VIBRATION DETECTOR-Low-frequency boost ment and frequency, so integrating action W. M. Trenholm, Vibration Measurements 

compensates for characteristics of velocity- by capacitance feedback around high-gain with Peak-Reading Circuit, Electronics, 35:20, 

type vibration detector for turbines. Detec- amplifier stage makes output proportional to p 57-59. 

tor voltage is proportional to both displace- displacement only.-H. A. Harriman and 
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DRIVER 
2N414 

EDDY-CURRENT CLADDING THICKNESS GAGE 

—Low-frequency channel (47.5 kc) obtains 

thickness of cladding on reactor fuel ele-

ments. Probe is common element of each 

input bridge. Can also be used for measur-

ing plating thickness or for detection of sub-

surface cracks and voids.—W. J. McGonnagle, 

C. J. Renken, and R. G. Myers, Improved 

Nondestructive Testing by Eddy-Currents, 

Electronics, 32:35, p 42-43. 

BOLOMETER BRIDGE 
IN 

4.7 
MEG 

o 

IK 

PEAK HOLDING VOLTMETER AMPLIFIER 

200K 
I2AX7 0.1 

200K 

-6.5v 

OUTPUT 

3.5KC 
TO CABLE 
AND AMPL 

DBLR 

TO HF 
HANNEL 

0.1 

1.9K 
— 0.0I 

I51(5 2.2 
MEG 

CABLE DRIVE FOR VELOCIMETER—Flip-flop 

frequency divider converts 7-kc pulse out-

put of velocimeter to 3.5 kc while providing 

low impedance and sufficient driving power 

for sending pulses through up to 35,000 

feet of cable to counter on surface vessel. 

—L. Dulberger, Deep-Ocean Velocimeter Aids 

Sonar Systems Design, Electronics, 34:22, 

p 41-43. 

UTC 
LS30 

0 TO 
1,000 

PROBE 

4--+235V  

PUSH TO 
0.1 0.1 I2AU7 ZERO 

470K 
50 IX I MEG 

O(' 0.001 

1/212 AU7 

SINGLE SHOT 
OPERATION 

52 

l2AU7 

IK 100K 

0 - 00 R2 +300V 
SENSITIVITY 

12 K - I2AU7 

CAL , 

o p 
400VD-C 

NE2 200K 350 
VA- C 500K .1 0.05   

60= — 
75K 

SINGLE -5V TO- 10V CALIBRATED 
I-1120K 

SHOT   - A — SOUEN ERR GC EY   
75V 

PULSE-ENERGY ERGMETER—Bolometer b idge upsets bridge balance, and resulting signal Used to measure energy content of pulses. 

converts input signal to heat by integrating is amplified and applied to peak-holding —L. A. Rosenthal, Ergmeter Measures Bursts 

input power with respect to time. Heat voltmeter that indicates energy directly. of Energy, Electronics, 31:23, p 79-81. 
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C33,y, 

°I;fr) T 
SEE 4. 
NOTE4 

MIN 
C- CL 

R66 
1MEG 
CL 

MAX 

J3F11 

47K 

0.002 

AMPL EMITT FOLL AMPL DET SCHMITT TRIG OSC-DRIVER 

10T39 10 
10 

ALL TRANSISTORS TYPE 2N393 

DEEP-OCEAN VELOCIMETER-Sonic pulse pro-

duced by transducer S is sent along fixed-

length water path at any depth and picked 

up by receiving transducer R. Received sig-

MEASURING TRANSISTOR REVERSE-VOLTAGE 

TRANSFER RATIO-When output voltage is 

held constant, 10-mv scale of output meter 

gives direct readings of small-signal value of 

open-circuit reverse-voltage transfer ratio 

h-rb over range of 0.0001 to 0.001.-Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 72. 

C13112 
S4 El+ REG R51 

•AH,  

C27 / 5n5 RS 5.1 22 
MEG MEG 

0.116F 4. 

• 

4 

0.01 

10K 
470 

;470* 

nal is then amplified and fed back to block-
ing oscillator to synchronize it at repetition 

rate determined by delay time of pulse in 

water. Pulses then go to cable-driving cir-

10 

BLOCKING OSC 

10 

5K 

4.7K 

6.5V 

IN659 

0.002 

TO CABLE 
DRIVING 
CIRCUIT 

12 1=IS 

* VALUE DEPENDS UPON SOUND PATH 

cuit, and through cable to surface vessel for 

counting.- L. Dulberger, Deep-Ocean Vela-

cimeter Aids Sonar Systems Design, Elec-
tronics, 34:22, p 41-43. 

Test 

Test 
transistor 

UTC 
VIC-19 

0.1,2f 

0.001 UTC 
VIC-19 

H 01 iÀf 20 db amplifier 
and 

1,0001, filter 

0.1 mv 

10v 

390.00023 

R6 R22d 
22 0.18Z 

MEG MEG 

C3 
0.0001 pF 

AMPERES VI 
SW I-A C1 01533 

POS 0.000122F I DM . 
P3 INPUT 

5 3 

1-5 RI POLY 

POS 300 . 

4 6 MEG _ R2 +1.5V +2.5 

1 rc,,,,e2 R3 I MM3ç   
A 

I , 
r -1 

C32 

00001 

R64 
w.  
0.24 
MEG 

RESPONSE 
TIME ADJ 

+5V 

RIO. 

MEG 2 

00533 

R7 
0.22 
MEG 

LEC33 
3 
+6V 0 

R13  

0.275‘ 

V3A 
I2AU7 

J1 
SCOPE 

144 V 

54 
+35V 61103 

C8 
0.00526F 

R113 
20 

MEG 

R43 
100.000 
MEG 

THERNO-REG- ULATED 
INPUT HOUSING 

R11 
1011 

C2 

re 
2 

ZERO 

C4 
6. 0.1 

C31 
0.122F 

g 

C6 
0.5 

V. 

I16 
3.000 
A 
5 
.1 

C7 
001 

J2 
GNO 

PIS 
MEG 

R53 /121 
1.000 0.24 

M EGti  R57. 22011 CR2 (01341 

3 ‘e' 
  R38.22011 

Ws WI  le Fl 

+200V 

+3 

+60 

CH .2 
40 
20 - 

=CIO 
0.1 
2JF 

C9 0.122F 

P5 S5 

R65 
NE- 51 
PILOT LAMP 

ci, CR 1 ON34) 

• 3.000.F MI R63, IS0J1 

E 2052/A R 
A 
MULT 

E 
S3 

R25 C13 

9,7473.415 974.3 487.7 +iicEM3E'Rv »223' 
nrL A A 
4. 30-

SW Ic-41..d3 

+23 

L.o_ METER 
M2 (SEE NOTE 31 

CIS 

0.122F NOM. 

(SEE NOTE 21 

10V 

R 54%5.5. 

35,00011 

2 5 

RECOROERT.40 AUTOMATIC. MANUAL 

ADJ .9, 
50 MV MAX id 

C111S1613 

• +0  

CAL 
R35 AD1 

6.000  C-CL 
lo 

MSS R34 
8.000 

sg 

R30 

0.22 MEG 
R60 +24V 

75.000 
A-. 

R29 V9 
24.000 C6533 

C19 

r+45111 

C30 
00003 
2tF 

+25V 

C18 ,0131 
.0.0001; 22 

2./F MEG 

CKV5633 

+110V  

R32 

6 
1+115.1 

R55' 
1MEG 

C29 

+325V ay» 

V?, 6A03 
+5 OV C26 

R36 
5.1 
MEG R56 

38 --16-111/6--• 

R39 126117 200°°A 

y +46v --s.s.Hr-,2+117V 
5.00023 5 00021 
"en  
R47 
0.36 MEG rno 

0.0022 
F 

P e it6,1 600 
A 41 

115V,I.S VIO 

5651 
2.6.7 

R37 
1.100 
n, 

POSITION 

SWITCH 

CURRENT INPUT RES VOLTAGE 
(AMP) (OHMS) (MV) 

MULT SW 

to x 
Kr OHMS 
10' OHMS 

10' OHMS 

10' OHMS 

10' OHMS 

10 OHMS 

SELECTED 

2 loo 

3 3 x 10-1, 

10 x 
300 

• 1.000 

3.000 

6 

x  
ZERO loo 

MICROMICROAMMETER-Uses vibrating ca-

pacitor, electrometer amplifier, and electronic 
servo in which amplifier attempts to main-

FI 2 AMP 

115-VAC 
60 CYCLES 

OFF 

ON 

SW2 ' 

S2 

P2 

L_ _ R45,.100, 
THERMO-REGULATED CASTING 
HOUSING 4NPUT RESISTORS 

REG TO 58' 02`C 

tain input at ground potential regardless of measured.-G. C. Carroll, "Industrial Instru-

magnitude of voltage developed across input ment Servicing Handbook," McGraw-Hill, N.Y., 

resistor by very small signal current being 1960, p 6-6. 

F3 0.1 AMP 

 510 AC 

Ve 
6%4 

7 560 

V7 FIL 

CV 
COIL 
DRIVE 
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PG I 

UNKNOWN 1  
CABLE 

115-V AC 
50/60.1, 

(90 V MIN 
'135V MAX 

CASE 

CONNECT TO 
EARTH, GND 

OR CONDUIT 

IONS/DIV 

TRANSISTORIZED CHRONOTRON MEASURES 

COAX DELAY—Start switch triggers ava-

lanche transistor QI, generating millimicro-
sec pulse that travels down unknown cable 

and returns to trigger new pulse. Digital 

F1 
1/4 AMP 

  • 

F2 1/16 AMP SR2 

195V zr+sFel CI 
AC -60-MA AC 16pF 

  18-MA DC 

I6p.F 

=.0.002 

+60V 

OUTPUT TO 
COUNTER 

0.2 FS/DIVISION 

counter is used to mesaure prr, which is 

proportional to cable delay. Q2 shapes 

counter pulse.—E. F. Laine, Getting Subnano-

second Precision in Coax Cable Delay Meas-

urements, Electronics, 36:5, p 39-41. 

+ 340V ( AT 115-V LINE) 

0.6AMP 

6.3-V 
'AC' 

O--e OUTER CASE 

GLASS o  

REF. 

SOLUTION 
GROUND 

THERMO COMP. 
2,900.0 11 AT 
25•C PLUS 

9.72 -a-

e: 
"e4 V4 

VG 

CHECK 
ZERO C5 

DC FEEDBACK 

C6 2 p.F o 

REC. 

EXT. METER 

C7 1µF 
INNER 
CHASSIS 

R30 
(SELECTED) 

10 MV 
R26 

500kap F 

il MA 

RI 
35,000n 

V6-A 
124U7 

R19 
  22 MEG 

3 4-90V 

R17 ¿ RO 

10 MEG 22 MEG 

5 

R22 
2.2 MEG 

2 

12 MA R4 
3,900 S1. 

4-43V 
R5 
1,80011 

+22V  

R 31 
22 MEG 

R7 
22 MEG 

C4 
p.F 

V2 
3 12524 

Re 
10,00011 

Ufl 

ZERO 

R23 R22 
5,000 240n 

111 

R9 
5.1 MEG 

VI 
12576 

4 
5 

T R32 
2.2 MEG 

R27 2.2 MEG 

STANDARDIZE 

R33 1.5 MEG 

0.38 MA 

C CW 
R25 
05 MEG 

Cw 

90V 

• MI 

(204µ A 
" FULL SCALE) 

•19V 
  •18V 

R6 
1,30011 

+2.2V j 2 

3 

PRE-AMP CAN 
- -- 

 NCO Iqd 

RIO 20 p.F 
82,000 a 
1 

_V4-A V4-8 
12AU7 

+1.4V 0.6V  
5 

COARSE 
ZERO 

-st-
INNER 

CHASSIS R14 

6 3,900 

-43V 

R20 

22 MEG 

V3 

12524 

R18 
1 MEG 

Iii 
4 

R24 R21 
10011 5.1 MEG 

+11 MA 

El 

R11 
0 MEG 

R12 -39V 

24,000 .0. 

 r; 

-86V 

R13 
3,9001a 

-05 V 

R16 

30,00011$ 

V6-8 
6 I2Au7 

R15 
20,00011 

49.0211 . 10 MV; 171.5711 . 35 MV; 245.1011 5014V; 
343.1411 701AV; 490.201.1 . 100 MV 

pH METER—Beckman model W industrial-type uring potentials generated by pH-sensitive 

pH meter is d-c amplifier designed for meas- electrodes. Output will drive most recorders. 

V5 
5651 
2 

1.8 MA 

R32 is used only with 4 to 14 pH meter, and 

R33 only with — 1 to 9 pH meter.—G. C. Car-

roll, "Industrial Instrument Servicing Hand-

book," McGraw-Hill, N.Y., 1960 p 7-4. 
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R2 
100 

1.3K 

IN 

2K 

1.5K 

6 

1 1N 37 30 7 
(RD 750 

2 

2.K 

1.3 V 

 il  

: 3 

, 913730 . 

(RD750) 

OUT 

JACK -
+ 

R1 
10K 
1/2 W 

LOGARITHMIC ATTENUATOR-Output of pas- either positive or negative pulses.-C. D. 

sive circuit is proportional to log of input Nail, Logarithmic Attenuator Spans Three 

voltages between 0.1 and 100 v. Serves for Decodes, Electronics, 36:46, p 47-48. 

2NI234 

10K,0.5% 1 IN283 

I 1p 
10MA 

Si "  

FUNCTION 0—• y 10MA 

lyIMA 

DC VTVM 
VF 

R1 . 5K,5%,0.05%L,5W,10TURN 

R4= 100K,1%,0.05%L,5W,10TuRN 

1 IN 703 
s3 

'RESET 

R4 

0.5% 

c 2 

0.1 

4,700 2200 1,600 

" 4 700 
SIGNAL 9260 
FROM 
EXPAND 
ATTENUATOR 10 

2NI304 

02 
2N383 

49O 62K 10Ki 0.01-/1-- 

0.1 

1,000 

50 50 

7,100§ 

50 

I8V 

2.5 
DB 
CAL 

50pA 

M1 

2,000 

5,600 

OFFSET 
CURRENT 

FOR 
METER 
SCALE 
EXPAN-
SION 

3,900 

C1 0.1 

SET 
R6 

 o o--•—•Vs".,—o 
S2 1 M 

RS. CHECK 

S4 

1N283 390 

=1.34V 

8 
39K 

R9 

10IV 

R10 
250 

2NI370 

A-C AMPLIFIER FOR SWR METER-Collector of expanding a segment of the 10-dl, %cale of 

Q3 provides d-c offset current required for the meter. Gain adjustment permits any of 

TUNNEL DIODE PARAMETERS-Provides quan-

titative measurement of all d-c parameters 

for the three regions of forward d-c char-
acteristic curve for tunnel diodes.-C. D. 

Todd, Simple Test Sets Measure Tunnel-Diode 

Parameters, Electronics, 35:14, p 43-45. 

120 
+ - 

BIAS CHECK 
SWITCH 

...= 1\117\' 

—41 
20 50 T  1 50 

lo 

6,200 470 100K 

-I8V 

..--

NORMAL 

o  

TO 
= RECORDER 

AM PL 
OUT 

the four 2.5-db expand ranges to give a 

full-scale reading.-D. L. Howard, Drift Con-

trol Allows Expansion Scales for SWR Meter, 

Electronics, 35:21, p 45-47. 
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FROM 
AMPLIFIER/ 
LIMITER 
STAGE 

i 5.6 K 

+12 

2NI306 

270 IN916 

<1.2K 
IN718 

CORE 
INPUT 

IN 3149 

IK 

CORE SATURATES 
DURING PULSE 

IK 

TO RESET 
CIRCUIT 

-12 

FINAL LIMITING STAGE SATURATION DETECTOR DIFFERENTIATOR 

PULSE WIDTH ENCODER— Pulse widths in tape and core is reset for next series of 

microsecond range are amplitude-limited and pulses. The number of changes of state be-

dumped into magnetic core. When core tween saturation points gives the number of 

saturates, signal is recorded on magnetic pulses for core saturation, from which pulse 

CAVE-MAPPING RECEIVER— Pickup loop feeds 

low-noise transistor Q1, followed by two-

stage audio amplifier. Since low-frequency 

magnetic field (2 kc) is attenuated very little 

by rock, soil, or water, strength of received 

signal from transmitter in cave being mapped 

can be measured. When system is calibrated 

for distance on surface, depth can be 

measured.— E. R. Roeschlein, Mapping Caves 

Magnetically, Electronics, 33-39, p 61. 

R5 
O 

MEASURING NEGATIVE RESISTANCE OF TD 

—Thermistor cancels negative resistance of 

tunnel diode, and calibrated potentiometer 

that matches thermisror gives absolute value 

s 2 

[ 400T 
NO. 28 
I9- IN. DIA 

DIFFERENTIAL 
TRANSFORMER 

width can be computed.—W. L. Carter and 

P. J. Knoke, Pulse-Width Measurements, 

Electronics, 3543, p 51-53. 

20 Khz 
SELECTIVE 
AMPLIFIER 

_rv-vVreY'r-\ 

20 c) R D 

•  

100/1f 

Si 

of td resistance at operating point. Q1 pro- Ambrozy, Thermistor Measures Negative Re-

vides thermistor heating current, at level set sistance of Tunnel Diode, Electronics, 39:17, 

by R6, while 5-v, 20-kc source provides a-c p 95-96. 

to modulate bias of tunnel diode.—A. 
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ALPHA CUTOFF—Measured with 3% ac-

curacy up to 30 Mc and 5% up to 100 Mc. 

Method compares transistor to short-circuit. 

—G. I. Turner, Measuring Transistor Alpha 
Cutoff, Electronics, 32:1, p 54. 

RESISTANCE COMPARATOR—Known and un-

known resistances are connected alternately 

across shock-excited oscillator by flip-flop-

driven relay, and damping effect is ob-

served on cro.—A. Kislovsky, Comparing Re-

sistances with Oscillator and Oscilloscope, 

Electronics, 34:23, p 118. 

6.8 
MEG 

VI 
CV2348 

IN 

RI 
10 12 

R3 

SET 
ZERO 

CI 

(i 
  LINK I MEG 214EG FEEDBACK 

+250V 

100K 

3.3K 

22K 

30K 

100 

10K 

22K é 

SET 
BIAS 

39K 

i5OK 

NPuT 
50/60 CPS 

V EFF 

K. X1,000 

15 68 6 
K K 

R5 

3.3K 
112 

UF86 

SJD9/8 
B.T-H. 

+240V 

47nF 

 1 (  

L_ 
VIA 

ECC 40 

4250V 

82 

I MEG —120 

r eF 

,560K 350K 

R9 10K 

R5 100K 

MILLIOHMMETER—Substitution of transistors 

for diodes in rectifier circuit of a-c milliohm-
meter gives significant increase in sensiti-

vity and linearity. Uses inexpensive mil-

liammeter.—P. Lefferts, Transistors Replace 

Diodes in Milliohmmeter Circuit, Electronics, 
39.18, p 97. 

V5 
6CH6 

+240V 

+240V 

220nF 

470 

•25K \ 100K 1 

SJD9/6 B.T-H.  FOOK 
REC-
ORDER 

4.7K I.2K 

METER 
5K 

K•mx 1,000 

68 
K 

COARSE 
ZERO 

150V 

TO C R 0 

ELECTROMETER FEEDBACK AMPLIFIER—Meas- across resistor with direct-coupled amplifier by clamping at about 20% overload.—D. 

ures currents in range of 10-11 to 10-13 amp of electrometer. British CV2348 is similar Allenden, Using Feedback in Electrometer De-

by passing current through high-value pre- to CK5886. Bandwidth is 7.5 Mc. Zener sign, Electronics, 32:41, p 71-73. 
cision resistor and amplifying voltage drop dinde 03 provides meter overload protection 
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+100V 

r-
OPERATE1 1 FIXED 

• • 
CALIBRATE SWEEP 

(..---PROGRAM UNIT 

1 -1 

*ADJUST FOR MINIMUM GRID CURRENT AT INPUT 

LANGMUIR ELECTRON-DENSITY PROBE—Used and Thyrite resistor to produce compressed 

in Aerobee sounding rocket to measure day- scale on telemetry record.— M. F. Wolff, Rock-

time sporadic-E ionization of upper atmos- ets Probe Sporadic-E, Electronics, 35:21, 

phere. Electrometer uses 100% feedback p 18-19. 

CAVE-MAPPING TRANSMITTER—Transistorized 

5-w, 2,000-cps generator of low-frequency 

magnetic induction field direction finder feeds 

tuned loop in cave being mapped. Detector 

at surface locates vertical flux line over 

cave and also receives Morse code for com-

munication.— E. R. Roeschlein, Mapping Caves 

Magnetically, Electronics, 33:39, p 61. 

 • 
o 9 —o o • = ZERO SET 6710 

co 

1. 

o 

9 
100K 

IN 
e, 

_IVE 5755 
z 
o o 

o 
no 

50 
2N2260/ 15K 

6710 

100K 

K  30 V  

11 1,000 T t000 

-60V 
36K 

FLIP- FLOP DRIVER 

18K 

4001 NO. 28 
19- IN. DIA 

SHOCK SPECTRUM ANALYZER WITH PEAK 

VOLTAGE MEMORY—Each peak voltage-

memory circuit has frequency-determining 

L-C filter. Shock spectrum of input pulse 

is defined by peak voltage across each filter 

capacitor. Memory is Burroughs Beam-X 

switching tube in which beam is advanced 

one position for each voltage increment. Out-

put is d-c voltage suitable for automatic 

plotting.— Contest Produces Novel Circuit 

Designs, Electronics, 36-11, p 96-102. 

ELECTRODE 



I CHAPTER 50 

Medical Circuits 

fr 

BLOOD FLOW CONTROL-Used to correct 

long-term differences in flow rates of venous 

ana arterial pumps. Venous control portion 
of heart-lung amplifier has two inputs, a sig-

nal derived from oxygenator level error and 

an input from potentiometer .connected to 

arterial transmission control lever.-R. Roberts 

and J. Loeffler, Automatically Controlled 

Heart-Lung Machine, Electronics, 33:31, 

p 91-93. 

-9V 

§6K 

100K /82K 

100 0071 

H - 4q 

7-7 L6 

100 

33K 

EAR 
CLIP 

SELECTIVE AMPLIFIER AND 
PULSE SHAPER 

3- KC t OUTPUT 
OSCILLATOR I STAGE 

CARRIER OSCILLATOR 
10-15 MC 

27K 

82K 56K 

TO OXYGENATOR 
LEVEL PICKOFF 

NI 
115v 
60'1./ 

nsv 

17/ 

50K 

OK 

POT COUPLED TO ARTERIAL CONTROL 
FEEDBACK POT 

25K 

25K 

510K 
270 

510K 

I2AT7 
FREED 
MAS-I 

K• X 1,000 

CONTROL MOTOR FOR 
VENOUS PUMP KOLLSMAN 
TYPE 8908-0160610 

o 

‘,115V 

CONTROL 

tSWITCH 

330K 

82K 47I4 

501 , 47K — 

0071 

120K I.5K 

0C45 

TO 
ARTERIAL 
CONTROL 
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HEARTBEAT TRANSMITTER-Self-contained de- measures changes in light transmitted through beat Measurements, Electronics, 33:52, 

vice worn by patient transmits his pulse to earlobe as heart pulses change blood density 54-55. 

radio receiver for remote monitoring or re- and volume of lobe -G. A. Harten and A. K. 

cording. Photo-transistor, fed separately, Koroncai, Radio Transmitter for Remote Heart-
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which can easily be read independently of 

peak caused by extra pressure of probe.— 

R. S. Mackay and E. Marg, Electronic Tono-

meter for Glaucoma Diagnosis, Electronics, 

33:7, p 115-116. 
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BLOOD-PRESSURE MONITOR—Continuous in-

dication of blood pressure, with 3% full-

scale accuracy, is obtained by mounting 

variable-reactance pressure transducer in 5-cc 

syringe inserted directly into patient's artery. 
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and 0-300 mm Hg. Transducer is excited by 

low-distortion sine wave generated by tran-

sistor counterpart of vacuum-tube Wien-

bridge oscillator. Positive and negative feed-
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back circuits generate 5-kc signal at 1 y rms. 

—O. Z. Roy and .1. R. Charbonneau, Tran-

sistor Unit Monitors Blood Pressure, Elec-

tronics, 31:33, p 82-83. 
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27.12-MC RETINA WELDER—Applies r-f energy 

to spot-weld retina back to original position 

by creating small burn scars. Crystal-con-

trolled electron-coupled oscillator drives class 

measuring dye concentration in blood stream 

to obtain flow rate.—R. L. Skinner and D. K. 

Gehmlich, Analog Computer Aids Heart Ail-

ment Diagnosis, 32:40, Electronics, p 56-59. 
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clamp tube V3 to restore output of V2 to de-

sired level.-0. Rich, Jr. and R. V. Hill, 

R-F Spot Welder Reattaches Retina of Human 

Eye; Electronics, 34:32, p 160-163. 
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BLOOD - VOLUME SERVO—Servo - controlled 

pump with variable stroke drives blood from 

venous system of patient into artificial lung 

and after oxygenation returns it to arterial 

system. Control circuit insures that volume 

of blood is constant. Sensor is brass disk 

forming capacitance with pool of blood in 

oxygenator at spacing of 1 mm. Error signal 

derived from capacitance change unbalances 

bridge that is energized at 3 kc ( points B- B). 

Amplified error signal is applied to phase-

sensitive demodulator. Unbalance energizes 

center-stable relays K1 and K2 of arterial 

and venous servo motors, so stroke output 

of arterial pump is decreased while that of 

venous pump is increased, or vice versa, to 

restore preselected volume of blood.— R. 

Schild and N. Wesson, Servo Circuit Controls 

Artificial Heart, Electronics, 31:15, p 73-75. 
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TEMPERATURE COMPENSATION IN ECG AMP- tion of unbalanced noise at input, for elec-

LIFIER—Circuit has common-mode rejection trocardiograph. For temperature compensa-

ratio of 10,000, with adjustable cancelia- tion, C3 bypasses a-c signals from base of 
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07, so only d-c signals are fed back 
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Jr., Amplifier Can be Ad:usted to Cancel Un-

balanced Noise, Electronics, 37:23, p 60-61. 
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TRIGGER SHAPING FOR RETINA WELDER— 
Trigger pulse, selected by 52, is compared 

to fixed bias on one half of comparator 

tube V9. Trigger shaping by V10 provides 
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diaphragm element. Anode current is main-

tained constant by switching alternately be-

tween tubes. Used for delivering thera-

peutic dose levels.— E. F. Weller, Roof-Top-

Target Tubes Pulse X-Rays, Electronics, 31:11, 

p 138-139. 
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—O. Rich, Jr. and R. V. Hill, R-F Spot Welder 

Reattaches Retina of Human Eye, Electronics, 
34:32. p 160-163 
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OSTEOGRAPH DETECTS BONE DISEASE- diagnosis of bone disease. Television moni- area and marrow area.-0. W. Jones Ill, 

Electronic scanner using television flying- tor receiver shows enlarged picture of bone R. V. Vreeland, and C. C. Collins, Video 

spot microscope measures irregular micro- section as aid in centering area to be Microplanimeter Detects Bone Disease, Elec-
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TWO-TRANSISTOR CARDIAC PACEMAKER— 

Produces triggering pulses that stimulate 

heartbeats during surgery. Repetition rate is 

determined by Cl and RI. Pulse duration is 

4 millisec, with 8-v peak that sends 16 ma 

through 500-ohm load.—W. E. Gilson and 

H. F. Klinge, Cardiac Pacemaker Triggers 
Heartbeats, Electronics, 34:40, p 80. 
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lator provides carrier voltages of 4 y rms at 

3 kc to blood-volume servo amplifier and 
to venous and arterial pressure indicator. 

Amplitude stabilization is achieved by bridge 

feedback network using filament-type lamp 

as nonlinear element in one bridge arm. 

—R. Schild and N. Wesson, Servo Circuit 

Controls Artificial Heart, Electronics, 31:15, 

p 73-75. 
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EEG WAVEFORM ZERO DETECTOR—Uses reference, and produces output of one other lyses Brain Waveforms, Electronics, 31:29, 

Schmitt triggers to produce output of one value when input signal is less than refer- is 68-72. 

value when input signal exceeds preset ence value.—C. J. bonder, Compuler Ana. 
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Computer Analyzes Brain Waveforms, Elec-
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HEART-STIMULATING PULSE OUTPUT STAGE-

Used in conjunction with pulse amplifier to 

increase stimulating voltage when scar tis-

sue develops under electrodes sewn to auri-

cle and ventricle of heart, introducing ex-

cessive load resistance. Produces constant-

voltage positive-going pulse having maxi-

mum amplitude of 15 y and 0.1-sec dura-

tion, when triggered by positive pulse.-

G. F. Vanderschmidt, Two-Transistor Ampli-

fier Corrects Heart Block, Electronics, 31:47, 

p 80-81. 
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flash of extremely short duration.-P. Scott, 

Microflash and Pulse Stimulator Tests Human 

Optical Response, Electronics, 34:27, p 48-51. 

+250V 4-T- 3°H 

-0.01 0.025 T__, 

_L  

  MIXER ..2sov FIXED OSCILLATOR 

+0.01 

_L  BLOOD PRESSURE REGULATOR-Chopper am- 3 
plifier delivers d-c voltage to adder that is 100,-wri=r 

proportional to mean blood pressure. Poten- 001M1 

tiometers in adder permit introducing nega-

pressure level and maximum safe level.-R. L. 

Skinner, D. K. Gehmlich, and F. W. Longson, / 470« 

Blood Pressure and Heart Regulator, Elec-

tronics, 32:1, p 38-41. 

tive voltages corresponding to desired blood 

I5K + 250V 
1511 

250V 
al 

 it  
12AU7 

3.5 Vie 

IR 

IN34 

REVERSING 
SWITCH 

12,11'7 

I25V :iM 
SOR 

47K PRESSURE 
•250v OUT 

CrIZI 
A-C 

O02PP , 0.1 e71"..e . 

VARIABLE = 
OSCILLATOR 0.01 REACTANCE TUBE . 250V - 150V 

CLIPPER 
GALS 

LOW-PASS FILTER SQUARING CIRCUIT 

22M 

loafd 

1µfd 

22 M 

MYOELECTRIC STIMULATOR-S i x-transistor 
amplifier having high-impedance differential 

input for commercial eeg or emg electrodes 

and gain of 10,000 from 5 to 10,000 cps 

drives modulator 04-05 from decoupling 
transformer. Modulator makes stimulator 

(astable mvbr 06-Q7) apply pulsating volt-

ages to muscles of hand, to make hand 

open in response to signals picked up by 

500x 

+250T CATHOOE 
66K FOLLOWER 

•250V 

10K 
+260V -110V 

+ 01/ 

BAYS 

5 

500 

-110V = 

I I 

12507 

-V3r1i 470K 

REG 

F EDBACK 
DIFFERENTIATOR MONOSTABLE MVOR 

+250V 6AL, +250V 
1284 

STIMULATOR • 
ON OFF 

o— I 10K 
PULSE OUT 

-0-SOV - 150V 
FRE0 SET 

T IS LAFAYETTE T-230 

DI IS IN34A 

L1 IS UTC - HOE - 5 200 mH 

G1 IS NE-2 

Qt 0 1% 

03 - 03' 

Q 4 

03 

Q6 Q7 

08 

470K 

SOO 

OUTPUT 
TO 

FREO 
RECORDER 

02 -Q ARE 

IS 

IS 

IS 

ARE 

IS 

5K 
LEVEL 

47K 

ADDER 

SOOKIETER SET 

OK G.-50 ERES OUT 

2 N2644 

2N2223 

2N1305 

2N1038 

2N404 

2N398 

electrodes over shoulder muscles, thereby 

bridging severed arm nerves.- L. Vodovnik Broken Nerve Paths, Electronics, 38:19, 

and W. D. McLeod, Electronic Detours of p 110-116. 
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VTVM 

GRID CUR 

R- F OSC 

RI 10K KEYER 

201 10K 
500 

level between 0.05 and 100 acoustic watts, 

without correction of amplitude after radia-

tion has begun.—B. J. Cosman and T. F. 

Hueter, Instrumentation for Ultrasonic Neuro-

surgery, Electronics, 32:20, p 53-57. 

ONE-SHOT 

RECORDING MANOMETER—Pressure of blood 

or other body liquids is measured and re-

corded by photoelectric system. Mercury or 
other opaque fluids may also be measured. 

Servo loop maintains photocell at meniscus 

level of liquid. Mechanical linkage also 

drives recorder stylus.—W. E. Gilson and H. 

Ludwig, Recording Manometer, Electronics, 

32:52, p 41. 

+210 

INPUT 
FROM inn_ 
RELAY 
GATE 
CIRCUIT 

470K +250 

TELETYPE 
LINE 

RELAY- NORMALLY 
ENERGIZED 

TELEPRINTER CONTROL—Coded pulse train 

controls teleprinter. When negative pulses 

are applied to grid of V2, line relays open in 

correspondence to pulse pattern.—R. L. Thom-

as, R. Howat, and N. H. Mackworth, Tv Tracker 

Records Eye Focus Points, Electronics, 33:17, 

p 57-59. 

RELAY DRIVERS HOLD ONE—SHOT 

110V A-C 
60CPS 

FLUORESCENT 
LAMP 

LIQUID 
FROM 
PATIENT 

+120V 

VI 

64116 

0 

47K 

DI 

6694A 

4.7K 4.7K 
4.7K 4.7K 

110V-A-C 
60C PS 

50K 

47K 

0.1 

GAIN 

500K 

50 1.8K 

PEN STYLUS 

BYAE 
4 711 

Ippv 
A- C 
60CPS 

K»1( 1,000 

EdA 
(OTO + 2,000V REG)   

2.5m10102 
 1 •.- 

I Im" MCA)  BAND CHANGE SWITCH \ 
0.015 

0.002 ,e-----( SOLENOID OPERATED) it 

810 
VI 

.--1( I ) 
1210.02  

'OVERLOAD RELAY 

PLATE 
CUR 

BAND 
SWITCH 
RELAY 

23gH 

ilov A- c—n 90x.H 

26p.H 
, 2,7 MC 

TANK 
COIL 

TRANSDUCER 

o— ELECTROLYTIC 
LESION 
GEN 

TUNING 
CONTROL 

••"- 1218-110ge 

10mH 

0.0002 0.002 

-1- PLUG IN I 
  0.90R 4.5-MC ' 

TANK COILSi 

¡ GANGED TO VAR1AC ,r 
IN VR ( FOR READING 

1 ESSENTIALLY INDE-
PENDENT OF POWER LINE) 

TUNED-PLATE TRIODE POWER OSCILLATOR 

—Drives ultrasonic transducer at odd har-

monically related frequencies in 900 kc to 5 

Mc optimum range, for neurosurgery, at 

power levels within 1 db of any prescribed 

AMPLIFIER 

AUTOMATIC BLOOD-PRESSURE INDICATOR 

—High-gain amplifier-microphone combina-

tion detects pulse beats and feeds them 

through shaper circuit to hold-relays that 

lock pressure gages at systolic and diastolic 

blood-pressure readings.—R. J. Roy and M. 

Weiss, Inexpensive Monitor Reads Blood 

Pressure Automatically, Electronics, 35:47, 

p 40-41. 

OPERATE 
lego 4,7K 
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420 

100K 
INPUT 

PRESS 
SET ZERO 

CONTRAST 
-20 

2N369 

2N369 

IN307 1„,,‘ R3 

1N307 SENS1T 

6-1 E17000 

LAMP DRIVE-Count-rate meter of radiation-

detecting tumor scanner provides input sig-

nal for d-c amplifier. Controls RI and R2 

o 

o 
o IN66 

200 

10K 100 1K 

ZERO 
R2 

2N369 
29291 

MARKER 
350 

in difference amplifier provides zero suppres-
sion and R3 provides scale expansion. Cir-

cuit drives lamp that exposes film in step 

OSCILLATOR 

01 
76IR 

120K 150 

2.2K 

7.7 

PLETHYSMOGRAPH-Transistorized unit meas-

ures change in impedance of living tissue 

resulting from nonrythmic fluctuations of 

IN r-
FROM 
EEG 

470K 

0. 0 
A BCD *-1 

E° 24j30 

24— CPS FILTER 

TUNED 
AMPL 

6201 

2K 

q---,0.01 

BUFFER 

02 
76IR 

100K I5K 

0.005 
13+ B+ 

AMPLIFIER 

0 

DETECTOR 

r- 0.17-7 IK 

3.3K 

K X 1,000 
blood content. Changes of 0.1% in total scans bridge unbalance.-S. Bagno and F. M. 

tissue impedance are detected by resistance Liebman, Impedance Measurements of Living 

bridge and phase-sensitive detector that Tissue, Electronics, 32:15, p 62-63. 

2N365 

5K I K 7.5 

Q4 2N278 CL A MP 
2.5 K 

2N250 

NO. 
3.9K 44 

LAMP 

+20 

20 

with scanning motion of probe.-E. Gordy 

and G. Sieber, Sensitive Amplifier Helps Lo-

cate Tumors, Electronics, 34:1, p 123-124. 

BRIDGE 

500 80K 8K 

BAL 

25K 

OUT 

5.IK 

IN301 1.5MEG 3.9K 

TRIAD 
G-40 

IN301 

0.047 

24 CPS- I6—CPS FILTER 

265K 265K 390K 390K 
A- .----'-- C B--so-w.---e-vvv-e-- D 

0.025 0.025 0.025 0.025 

- I( i 1(-
133K .=..0.05 - 1(1- 1(-- 195K - 0.05 

E  E  K . X 1,000 

ANESTHESIA CONTROL-Drives anesthetic 
pump servomotor in response to signals from 

electroencephalograph that continuously 

PHASE INVERTER 

o' WIPER 0A2 

PUSH—PULL 
0.1   POWER 

V3 

0.1 
5751 6L6WGB'S 

V5 

-o_6V 3.9K 

monitors border of wakefulness of patient 
undergoing surgical operation. Anesthetic is 

supplied at fixed level, proportion to cortical 

POSITION 
FEEDBACK 

II.5K 
•-•vv%.  

8K 
-vvv-• 

TACH +300V 

activity of brain.-How Elec ronics Controls 

Depth of Anesthesia, Electronics, 32:5, 

p 43-45. 

OUT 
TO 

SERVO 

7104D 

5K 
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I2AX7 
VI 

IN 

250K 

1 K 
POSITION 
CONTROL 

I MEG 

I MEG 

250K 

IMEG 
4.7 K 

CONTROL 
BINARY 

DIFF 
AMPL 

DRIVER 
AMPL 

PRESSURE-SENSITIVE RESISTOR CONTROLS 

ARTIFICIAL HAND—Control binary 06-07 is 
triggered on through diode AAZ18 and reset 

by 08 whose conduction threshold is de-

termined by RI. Settings of RI, R2, and RC 

control closing of artificial hand and strength 

of grip. Servo amplifier drives motor in 

hand and follow-up potentiometer.—G. W. 

Horn, Muscle Voltage Moves Artificial Hand, 
Electronics, 36:41, p 34-36. 

124K 6SN7 
10K e e 50K V7 

•  

IRON-LUNG AIR INTAKE CONTROL—Air ex-

haled by patient is sampled and analyzed 

for carbon dioxide concentration by commer-

cial infrared analyzer that provides electrical 

output proportional to amount of carbon di-

oxide. Analyzer output charges C2 to level 

dependent on carbon dioxide concentration. 

Comparison circuit controls relays K2 and K3 

so iron lung bleeder valve keeps concen-

tration within preset limits. V5, V6, and K2 

establish upper limit; V7, other half of V6, 

and K3 establish lower limit.—Control Regu-
lates Iron Lung, Electronics, 31:41, p 108. 

SERVO 
AMPL 

—112A07 35K 
2 v6 

02 
28133 

r 120 - CPS PROJECT/ON FILTER 
0.027 0027 

18K 

+1.5V 
06 
28133 

100K 68K 

-3V 
08 

28144 17 TURNS M24 
MIRE TAPPED 31 
FROM BOTTOM 

+I.5V 

03 
28133 

EEG TELEMETER—Amplifier, modulator, and 
oscillator produce 37.7-Mc signals frequency-

modulated by scalp voltages of epileptics. 

Radiated signal may be picked up by an-

tenna of receiver at distances up to 40 feet 
from patient in observation room.—C. L. 

Yeager and J. Henderson, Jr., Unit Tele-

meters Scalp Voltages, Electronics, 31:29, 
p 86. 

ARTIFICIAL LARYNX—Output is negative 

pulse whose repetition frequency is varied 

from 100 to 200 cps by rheostat to change 
pitch of voice while speaking. Modified tele-

phone receiver serves as vibrator that is 
pressed against throat to transform gen-

erated vibrations into speech sounds by nor-

malmal use of throat cavity, tongue, mouth, 
teeth, and lips. With practice, users can 

achieve sentence intelligibility above 97%. 

—Circuit Substitutes as Larynx, Electronics, 

32:27, p 60-63. 
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DELAY MV 

of heart sound. Potentiometers permit ad-

justing width and position of gate.— R. Weiss, 

Heart-Sound Discriminator Simplifies Medical 

Diagnosis, Electronics, 34:24, p 52-55. 

CLIPPER—INVERTER GATE MV 

10K 47K 150K 10K 5M 

SLIDING GATE FOR HEART SOUNDS—Two 

multivibrators, synchronized with time ref-

erence, permit listening to selected portions 

1M 

o—) 
0.1 

 AMPLIFIER TRANSMITTER --I 

— MIC IN 

0, 02 

T1301 15 35 
160 

IC= X 1,000 

o, 
T I 301 • 

0 4 

11301 

FOETAL HEART BEAT DETECTOR—Amplified 

2- to 3-cps signal from foetal heart modu-

lates transistor oscillator operating between 

800 and 1,200 cps. Frequency modulation 

technique overcomes poor low-frequency re-

22K 27M 
220 K 

100 
ohms 

2N2498 33 

33 2N429 

15 K 
20K 4.7K 

HIGH GAIN PREAMP. 

K 0.1 0.1 

2N429 

2P4108 

560 K 

NERVE ACTION POTENTIAL TRANSMITTER— 

Used in telemetering bioelectric potentials 

from baroreceptors of blood pressure control 

system in active awake animals for several 

days s! fter impInntntinn of elec-

39 K 39K 

4.7 K 0.01 

160 

DRIVERS 

GATE 
IM OUT 

220K SM 
- BAL 

- IM 

0, 
1N35 

09 
15 35 

C6 

0.05 

•  

07 
TITO 1 

OFF -= 9 '1 

0143 L5V 

•--K,--RECORD 

5T s2 
sponse of human ear and loudspeaker. A-c 

coupled stages have large time constants, to 

give required low-frequency response.—T. I. 

Humphreys, Transistor Unit Detects Foetal 

Heart Sounds, Electronics, 31:17, p 52-54. 

0.01T 

BANDPASS FILTER 

26708 

4.76 2.2 K 

trodes in aorta and carotid arteries. System 

provides flat frequency response from 1 to 

1,200 cps with input impedance of 2.5 meg 

and input sensitivity of 5 to 500 mv. Trans-

mitting range is 25 feet.— P. Kezdi and W. S. 

39 K 
220K 

40 

2N708 

2N708 

GATE 

15K 

470 ohms 

9V 
DC 

— 
pf 

2N7013 

Naylor, Telemetry System to Transmit Boro-

receptor Nerve Action Potentials, The Ameri-

can Journal of Medical Electronics, 4:4, 

p 153-155. 
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4250V 

INPUT 2.z 

  MEG 

03 

 ) 
SHIELDED INPUT 
LEADS TO TUBE GRIDS 2éi MEG 

.450V r 
  EXT /400 

22K 
100K 47K 

100K 
-150V 
REG 4711 

10K 
LEVEL 

5K 

1K 

K. X 1,000 . ADDER 470K 

HEART RATE REGULATOR—Senses arterial 
pressure and differentiates pressure signal 

to eliminate mean pressure and produce re-

quired sharp spike at beginning of each 

4250V 
47011 

0.5 

2.214E6 

AMPLIFIER 

5011 

GAIN 

I2AX7 

2.2 MEG 

+250V 

150V 

TO TREO REG 50 500 
DEI NO.2 I, 470 

250V +250V +250V 

6811 1.51( 12AU7 15K 

- TO 
 REACTANCE 

TUBE 

ETER C 
+HEART 

RATE 

-1.1. 0-50 

OUTPUT TO 
RECORDER 

10K SQUARING 
CIRCUIT 

SAL5 5°G4;Esi -4%lise-' +250V 

METER 
CAL 0-50 

50 K 

pressure pulse. Spikes are used to control 

regulator that delivers pulses to vagus nerve 

that controls muscles of heart.—R. L. Skinner, 

D. K. Gehmlich, and F. W. Longson, Blood 

MUSCLE-SIGNAL AMPLIFIER—Differential input 

amplifier Q1-02 accepts myoelectric signals 

of 10 to 1,000 microvolts from stump muscles 
of amputee. Stagger-tuned interstage trans-

formers for Q3-04 give bandwidth of 100 

KrX 1,000 

PULSE 
GEN 

+ 300V REG 

5IK 

-- -2 6SN7 
VI 

10K 
5.IK 

0AI 
-150V 
REG 

S 2.2 

—.—Q9-/MEG 
20K AU5 

10K 

f 25 

OUTPUT ". 
FRED 

to 1,000 cps for main amplifier that drives 

integrating detector Q5 that operates relay 

to control servomotor for artificial hand.— 

G. W. Horn, Muscle Voltage Moves Artificial 

Hand, Electronics, 36:41, p 34-36. 

0.047 

6.2K1 62K 

50- MILLISEC COUNTER PULSER 

1 6SN7 
V3 

1N91, 

6AS8 

0.0015   

613K 

2 20,4441. F GALS 

470 K 25K 

DIFF _ 

250V CLIPPER 

2.2 MEG 

MONOSTABLE 
MVBR 

500K 

2,200 
14a   

12 AU? 

+250V 

SC 

3K _ 

+250V 

FRED DET 20-r  4.711 

NO.1 .260V 4-* 

Pressure and Heart Rate Regula or, Electron-

ics, 32:1, p 38-41. 

6011 

-110V 

10 MEG 1.5 MEG 

HEART PACER—Supplies pulses that drive 

heart at desired rate. Output is connected to 

heart muscles by small wires. Frequency of 

relaxation oscillator is controlled, between 

50 and 200 ppm, by R2.—L. D. Trump and 

R. L. Skinner, Simple Heart Pacer is Highly 

Reliable, Electronics, 32:39, p 92-93. 

-440V 

O MEG 

COUNTER 
SOLENOID 

100K o COUNTER 

6012 i DISABLING 
SWITCH 

V5 1 ,0-- 180VA-C 

RADIATION 
START RELAY 

QUICK CHARGE SWITCH 
440V 

THYRATRON KEYER 

PRESET PULSE COUNTER—Automatically con- is actuated by thyratron VS, which is keyed 
trols lesion-producing ultrasonic radiation by on by 50-millisec counter pulser driven by 

counting up to 99,999. Mechanical counter leading edge of square-wave input pulse.— 

COUNTER THYRATRON 

B. J. Cosman and T. F. Hueter, Instrumenta-

tion for Ultrasonic Neurosurgery, Electronics, 
32:20, p 53-57. 
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TIME BASE 
V145 +300V 100K MIN T IME ADJ. 

220pF V16 V17 6AU6 
6.8K 100   470K 

100K 
RETINA WELD TIMER—Time base romp volt-

age is fed to trigger pickoff circuit V16-V17-

V19A. Delay time potentiometer R4 deter-

PULSE AMPLIFIER FOR HEART—Used to provide 

adequate stimulating voltage to electrode 

sewn on ventricle of heart to make it con-

tract properly in heart-blocked patients. 

Command pulses from electrode on auricle 

are amplified 200 times by circuit, without 

waveform distortion, and applied to ventri-

cle electrodes to produce normal pumping 
rhythm.—G. F. Vanderschmidt, Two-Transistor 

Amplifier Corrects Heart Block, Electronics, 

31:47, p 80-81. 

OUT 

20K 

=. 6V 

G T 
75 

200 

MUSCLE POTENTIAL TELEMETER—Implanted 

probe circuit receives power at 50 kc from 

external pickup coil driven by modified Hart-

ley oscillator Ql. Signal Is rectified by D2 

+300V 

100 
-NV\  6AU6  

0.01 R 4 30K DLY TIME 

10K 7_7 +300V 
mines voltage at which V17 conducts. De-
layed pulse is fed to trigger-shaping mvbr 

V18 which feeds strong, fast pulse to V198 

MAX TIME ADJ 

+300V 
22 pF 

+300V 
95K 100 

I9K  

4.7K 47K 
200 p F 

v,, 

100 

\ "771 

3.3K 

0.005 6U8 
TRIGGER TO V4 

to give output for firing thyratron that 

turns off r-f power.-0. Rich, Jr. and R. V. 

Hill, R-F Spot Welder Reattaches Retina of 

Human Eye, Electronics, 34:32, p 160-163. 

100 R2 33K 10K 151<  
-6V 22K 

68K  50K 
47K 8CZIO 

SCHMIT T TRIGGER OUTPUT TO COUNTER OR RECORDER 
PILL-TRACING INTEGRATOR—Voltage propor-

tional to speed of travel of pill-sized radio 

transmitter in human body is integrated in 

quantizing circuit that delivers number of 

pulses proportional to track length. Transis-

tor differential amplifier charges C, and 

R 3 
25k 200 

L2 
25T 

0.002 .7—'7 

0.002 

I K 

T . 
IN34 

to provide d-c power for Q3, to generate 

magnetic field that vanes with muscle po-

Schmitt trigger controls discharge of C 

through R2. Frequency of trigger pulses 

is proportional to input voltage within 1% 

over range of 2 to 200 mv.—B. Jacobson and 

B. Lindberg, Servo Tracks Pill in Human 

Body, Electronics, 36:12, p 58-60. 

K.X1,000 

02 1N38 ELECTRODES 

03 IN38 
IMPLANT 

tential.—S. Bagno, F. Liebman, and F. Cos-

enza, Detecting Muscle Potentials in Unan-

esthetized Animals, Electronics, 33:41, 

p 58-59. 



392 SOURCEBOOK OF ELECTRONIC CIRCUITS 

181 

500pF 

TO 
MULTIPLIER 

Cl 

HC7001 
VARICAP 

r--------, 3-MC COLPITTS FOR TONOMETER—Frequency 

I 

25K +MA101N5 1 
I crystal.— D. E. Newell, C. H. Horn, and M . L. 

shift is proportional to pres sure on quartz I 

I u,,irr l l Rubin, Measuring Eyeba ll Pressure w ith 
I  
1 — I a Crystal Oscillator, Electronics, 34 :36, 

L  - J p 64-65. 

BATTERYLESS CARDIAC PACEMAKER—Body 

fluids are electrolyte for implanted silver 

and zinc electrodes that provide cl -c power 

for four-transistor pacemaker. Secondary of 

Ti provides feedback for ringing-choke oscil-

lator QI, which charges C until Q2 is cut off. 

C then discharges until QI can again con-

duct.-0. Z. Roy and R. W. Wehnert, Keep-

ing the Heart Alive with a Biological Bat-

tery, Electronics, 39:6, p 105-107. 

R- F POWER OSC 
(0 TO + 3,000V RMS) 

3.3 
MEG 

I/26AL5 

3.3 

50LF 

K•X 1,000 

1/2 6AL5 
 V\A,  
3.3 MEG 

9IK 100 

RANOE 
75x,scr 25K 300 

3.3MEG 1,000 

5691 4-250 100K 300K 3,000 ‘e 
CRYSTAL 
VOLTAGE 

20MEG 20MEG 

-330V PULSER VR 

ZERO ADJ 

0.OLL  6.3V 330K 250K 330K 

FOUR-RANGE VTVM—Measures r-f power os- for therapeutic treatment of deep-seated 

cillator output, for establishing irradiation brain structures.— B. J. Cosman and T. F. 

and calibration procedures and positioning Hueter, Instrumentation for Ultrasonic Neuro-

techniques when using focused ultrasound surgery, Electronics, 32:20, p 53-57. 



CHAPTER 51 

Modulator Circuits 

250 KW PEAK FROM SCR— Line-type modula-

tor uses silicon diodes for high-voltage recti-

fiers, backswing, holdoff, and inverse-diode 

circuits. Trigger generator uses two-layer 

and four-layer diodes to provide pulse burst 

repetition rates up to 25 kc.—H. G. Heard, 

Controlled Rectifier Produces Quarter-Mega-

watt Pulse Power, Electronics, 3425, 

p 54-55. 

SAMPLING PULSE 
GENERATOR 

SQUARE- Way 
GENERATOR 7 

1,000pF 

1,000pF 

MODULATOR 
8v t -12V 

IK 10K 10K 
0.5 

1.5 
3K MEG 

+6V -8V 

SIGNAL INPUT 

-8V 

11K 

20Ct< 0.005 

, -8V 

2K 2K 

+6V +6V 

ALL TRANSISTORS 2S8113 
ALL DIODES SD34 2.5K 

0.01 
DELTA-SIGMA MODULATION FOR DIGITAL 

COMMUNICATIONS— Flip-flop sampling pulse 

generator supplies 5-microsec pulses at 3-kc 

prr to modulator that also has analog signal 

NOTE: 04 D5 05 

C11 THROUGH D9 ARE IN1205 

-8V 

250 PF 250pF 

5K 

Li LCH 
= 200V =-

-8V 

+6V - 

6AMP 
AVERAGE 

_ CI 
- 300 

D7 

RESHAPER 

-14V 

-8V -4V 
10K 5K 50K 

5K 5K 2 

+6V 

1.0V1 - PASS FILTER 

-8V 

10K 10K 

2K 0.2 ≥ 5K 50K 

50K 

PFN 
0.11 

„ OHM 
• ' 10#,SEC 

4KV 
lOgSEC 
_rt. 

F5-0K-W 

5K 
0.1 

OUTPUT 
PULSE 

DEMOD-
ULATED 
OUTPUT 

input. Integrated difference signal fires to emitter-follower and demodulated by ac-

Schmitt trigger to provide positive output five low-pass filter having 50- cps cutoff.— 

that opens gate, passing square-wave pulse H. Inose et al, New Modulation Technique 

that sets flip-flop. Output of flip-flop is fed Simplifies Circuits, Electronics, 364, p 52-55. 
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I. 
CARRIER 
INPUT INC 10 r 

HG-7005 

o  r3K I 10pF 
20  

—0.01 

20 

SIGNAL INPUT 

3V 33K IMH 

 IIit  

-22 
COMPOSITE 

R20 
PLAYBACK SIGNAL 33K 
FROM RECORDER 

4-25V 

E1 
INPUT 
SIGNAL 

22K 

Ql 
2NI613 

,210 

_L „, 
IN8I6 

R3 

12.IK 

- 25V 

1  
ANGLE-MODULATED 

OUTPUT 

NH 

1N659 z 

0.047 

CASCADE ANGLE MODULATOR-Gives twice 

the modulation index for a particular signal, 

or 50° for the two sections.-A. C. Todd, P. 

Schuck, and H. M. Sachs, Using Voltage-Var-

iable Capacitors in Modulator Design, Elec-

tronics, 34:3, p 56-59. 

IN659 

390 
07 

390 

1,000 

OUT 
R1 

1,000 

+15V 
03 

2NI613 E 2 
INPUT 
SIGNAL 

PULSE WIDTH-FREQUENCY MODULATION-

CI
05 Gives pulse ratio modulation, in which pulse 

2N697 duty ratio varies linearly with input signal. 

Accuracy is high over wide dynamic range. 

Developed for space vehicle control.-R. A. 

R4 Schaefer, New Pulse Modulation Method 

3.16 K Varies both Frequency and Width, Electronics, 

35:41, p 50-53. 

K r X 1,000 

-12 

C,3 
0.01 

+22 

c, 
'10 

TIMING PULSE C, 
FROM D1STRIB 
DELAY LINE j. 0.1 

IOVP-P 
MAX 

— e— 
R, 
22K 

+22 

2NI397 

DECOMMUTATOR 

Re 
143 C4 4.7K 

3.3K 622 pF I Ceo 
0, 03 10.22 ---

2NI397 02 2NI397 

2N404 

I I 2K 04 

R2 

C2 0.8-30pF 

C3 
i2pF 

R3 
4,7K 

R4 
33K 

TRIG 
ADJ 

SCHMITT TRIG 

2NI397 

R26 
5.6K 

C14 
0.01 

Oe 

2N404 

R25 ¡ R27 — 
10K 30.IK 200 DEI 

10MvPA-P 
x 

TO LOW PASS FILTER 

r*lor -85vDC 

RI4 
R, 3 12,1K C10 
10K .1. 1% 0.22 

12 13 t 02 
I2K  IN276 

-12VDC MODULATOR 

C's 
PEAK 

--ezovp.p 
vrp 

  22 
C6 
221 

06 
2NI397 100 

03 
IN 276 

04 
IN276 

RECORD 
_ OUTPUT 

Rle 
22K 

C2 
M 22 

CHANNEL COMBINER 

PAM MODULATOR-DECOMMUTATOR FOR from one channel during record mode, while recorder.-M. H. Damon and F. J. Messina, 

VIDEO RECORDER-Schmitt trigger reshapes decommutator separates individual channels High-Density Storage of Wideband Analog 

timing pulses from 52-channel distributing from composite signal during playback from Data, Electronics, 35:13, p 45-49, 

delay line. Modulator samples audio signal time-division multiplexing on two-track video 
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PULSE-FORMING MODULATOR FOR LASER 

FLASH LAMP—Saturating-core trigger trans-

former Ti responds to short high-voltage 

spike on leading edge of main pulse, gen-

erated by discharge of C2 through ceramic 

hydrogen thyratron switch tube when this 

tube is triggered on its grid.—S. J. Grabow-

ski, Pulse Power Supply Design for Laser 

Pumping, Electronics, 36:51, p 33-35. 

MULTI-
PLEXER 
DELAY 
LINE 

200 MH 

-20V = 
013 
2NI67 + 20V 

DEMULT1-
PLEXER 
DELAY 
LINE 

LOOP 
AMPLIFIER 

Of 

2NI637 

012 
2N65 

I4V 

43K 

470 

200M H 

20V 

4,300 
-20V 

-6V 08 
o CK762 
,r) 8,200 

0.015 

IN66 

05 04 
2N65 2N65 

1 03 
CK761 

IN303 

-6V D2 

-20V 
o 

40 

r t. 
50 50 6-V 

REF 
4,300 4, 0 

09 
CK762 

I2K 
7,500 

6-V 

IN460 21 P. 40 
, ci-re 

VIDEO AMPLIFIER = +20V 

CK76I 

L-P 

FILTER 

TO D- C 
SUPPLY 

2,500 V 
0.32 AMP 

Cr 
0.0063p.F 

N1637 

-20V +20V PULSE 
GENER-
ATOR 

LAMP TRIGGER 
TRANSFORMER 

I  PRI 21 SEC I PULSE 
FORMING 401 

  L2 NETWORK 

O3 
2NI 367 

C2 
0.1pF 

TI 

SENSE 
ANTENNA 

TO 
MIXER 

C3 r --rrniT 1:11 ,2.5pF 
2.5/4F-7 -r 

SWITCH 
TUBE 

R-F 
AMPLIFIER 

04 

TRIGGER Di 
INPUT 

7-1N547 

PULSE IN SERIES 

GROUND 

FLASH 
LAMP 

BALANCED MODULATOR FOR ADF—Combines 

signals from loop and sense ant  

automatic direction finder, to give 130-cps 
output having correct phase for driving 

rotor of resolver to null position.—P. V. 

Sparks, Servo Filter and Gain Control Im-

prove Automatic Direction Finder, Electronics, 
34:23, p 110-113. 

INPUT AUDIO AMPLIFIER 420V HYBRID AND LINE 

-20V -20V +20V 
,c 01 20 
09. 2N65 

1N301 IN301 

V 0.082 1,500 

72 
• 

2N65 I 

+20V 
+20V 

0060 

0C160 

2 20K 

RINGING 
DETECTOR 

4,700 22K 600 TRANSFORMERS 

600 600 TI 

40 010 
2N167© 

I5K 30K iIN66 431 

-20V -20V - 14V -I4V +20V 

2N164 

600 

1N302 

1N302 

r 
_J 

IN66 K.XI,000 

El 

IN302 

1N302 

E2 

4 L 

 , RING-
• ING 

GEN , 

E 4 

E 3 

FOUR-CHANNEL PPM MODEM—Amplitude Modulato -demodulator circuit handles 300 to bic Multiplexer for Telephone Communica-

modulation of microwave radio system is 3,500-cps voice signals with amplitudes from tiens, Electronics, 32:2, p 60-62. 
pulse-position - modulated by multiplexer. —20 to + 10 dbm.—P. W. Riesling, Jr., Porta-
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30KC18V 

AUDIO IN 
3.5V RMS MAX 

MODULATOR TRANSFORMER—Circuit provides 

best possible balance between halves of 

center-tapped secondary, as required for pre-

cise phase splitting, in Boynton-Scholt modu-

lator shown.—Wide-Band Transformer Covers 

3 Kc to 22 Mc, Electronics, 35:25, p 66. 

500K 
±D-G--V\A,  
INPUT 

? MEG 

MO D  UL AT E 
OUTI,„'T 

400-CPS CARRIER 

DIAMOND MODULATOR—Carrier signal turns voltage of 19 y rms. Output is linear up to 

electron tube or equivalent crystal diode on 3 y rms for d-c inputs up to 10 v.— L. S. 

and off to modulate d-c input signal. Signal- Klivans, Modulators for Automatic Control 

noise ratio is about 1,500 to 1, with carrier Systems, Electronics, 31:1, p 82-84. 

K= X 1,000 

4-20V 420V 

2NI 76 015 
2N 7 SBI 00 

DIRECT R-C COUPLED COMMON-EMITTER 

MODULATOR—Performance is considerably 

better than that of conventional trans-

former-coupled collector-modulated 27-Mc CB 

modulator. Total current drain is 83 ma. 

0.14 y gives full modulation. Power gain is 

nearly 20 db for 2N1193. Requires no audio 

transformers.— B. Rheinfelder, Modulation 

Techniques for Transistorized A-m Transmit-

ters, FEE, 11.7, p 54-57. 

EXT DC SIGNAL MODULATOR INPUT 

+28V 

330 

01 
2N489 

Ci 
3.9pF 

;R4 
'1.5K 

PWM—With Si at 1, circuit is unjunction-

transistor pulse generator with prf variable 

from 13 to 25 kc, and duty cycle variable 

MODEM PULSE SHAPER—Removes audio 

component from modulator output to prevent 

crosstalk, and shapes pulse to required rise 

and fall time and width. Used in four-channel 

20 
I S 
04 

R7 

Di 1.5K 

1N9678 I R8 
18V L 2.5K 

R6 

1.5K 

> 6R980 
.1)  

e R40 
4.7K 

from 0 to 100%. With 51 at 2, circuit is 

modulator whose output pulse width varies 

2,200 
—6V 

40 

+20V 

47K 

ppm microwave multiplex unit.— P. W. Kies-

ling, Jr., Portable Multiplexer for Telephone 

Communications, Electronics, 32:2, p 60-62. 

R11 
2.2K 

R1? 
47K 

R13 
2.2K 

04 
2N2102 

D2 

1N821A 
6.2V 

OUTPUT 

RI4 
2.2K 

with level of external d c signal.— D. L. 

Patillo, Pulse Generator Circuit Doubles as 

Modulator, Electronics, 38:8, p 91-92. 
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+8.5KV 

7,000 IpF I 200 

— 

2,000V 

2,000V 

_J 
- 

2000V 

2,000VI 
LI500pF 

II 
4KV 
80A 
50 

OHMS 

300-KW MAGNETRON MODULATOR-Trigger 

is applied to first of four 2-kv switch mod-

ules arranged in series, for simultaneous 
triggering of other modules to furnish 16-kv 

20-amp pulse to type 7208 Ku-band coaxial 

magnetron through standard 50-ohm pulse-

forming network PFN.-F. A. Gateka and M. L. 

Embree, Semiconductor Modulators for Mod-

ern Magnetrons, Electronics, 35:37, p 42-45. 

250 

11-,, Oft 

68K 4700f1 30K 

2N1192 

47^, 27 

TRANSFORMER-COUPLED COLLECTOR-MODU-

LATED TRANSMITTER - Widely used in a-m 

citizen's band (27-mc) transmitters. Modu-

lation amplifier should be adjusted for clip-

ping at 300-mw level, with passband from 

300 to 3,000 cps Input of 0.6 mv will pro-

vide rated output of 780 mw at 70 db gain. 

Large modulation transformer is required.-

on,“ 

>>:l000n 

2NI192 

4 7',.1) 

CARRIER 
INPUT 

500 

480 
pF 

Ukpl 
8 35pf, 

10 150pF 

12.5 

HC- 7005 

UTC-A-21 

AUDIO 

INPUT 

500/50 

HC-7005 

25?pF 

12.5 150 250 12.5 
pF pF 

CAPACITOR-BALANCED SSB-Output varies 
linearly with input over signal range of 0 to 

4.5 v. Undesired sideband is suppressed 26 

db at balance.-A. C. Todd, R. P. Schuck, 

and H. M. Sachs, Using Voltage-Variable 
Capacitors in Modulator Design, Electronics, 

34:3, p 56-59. 

75K 470f1 

250 
0 005,t 

2NiI92 

2N2218 

24pf 

71. 
1.05h 

• e F:2.7:h1 0.0010 

4700U 

2N492 

0.51 

4711 I Oft T ri.04it 

SS8 
OUT-
PUT 

100 50n 

3.6V 

B. Rheinfelder, Modulation Techniques for 

Transistorized A-M Transmitters, EEE, 11:7, 

p 54-57. 
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2NI508(5) +250V 

ON 
PULSE 

-I- I-

 / 

ON CIRCUIT 

---. 

ALL RESISTORS 
470K 

4G200(5) 

OFF 
CIRCUIT 

OFF 
TRIGGER 

-250V 

TRANSISTOR-DIODE PULSE MODULATOR-

Four-layer diodes used in series give rise 

times faster than turn-on times of transis-

tors, for pulse modulation of traveling-wave 

tubes and other devices at repetition rates 
up to 100 kc, with 5-microsec pulses and 3-

mitrosec pulse spacings.-E. H. Heckman, 

Three New Approaches to Pulse Modulation, 

Electronics, 36:18, p 62-64. 

500V 

Pisa 
GRID 
LOAD 

CARRIER 
INPUT 20 
IMc 

10pf 

20 ANGLE-
MODULATED 
OUTPUT 

P-M 

HC- 7005 F- M 33K 

R2 Li 

39K 10MH 
--^A",--r"e'rv*%------POS REF +350V 

HYBRID DIODE-TUBE PULSE MODULATOR-

Closely spaced pulses of any length, with 

15-nsec rise and fall times at 550 y and 

1.4 amp are produced for modulating trav-

eling-wave tube by combining fast response 

I I I I I I I 

0.01 

 )1  

i33K i33K 

-320V -400V -470V - 550V 

of four-layer diodes with current-handling 
capabilities of tubes.- E. H. Heckman, Three 

New Approaches to Pulse Modulation, Elec-

tronics, 36:18, p 62-64. 

TIME 

 I, 
, • 

300pFj‘_ 
1F-OFF 

7 

F-M/P-M-Angle modulator gives phase mod-

ulation below 500 cps and frequency modu-

lation above. Voltage-variable capacitor 

HC-7005 gives phase ongle change of up 

to 25 ° at 1 Mc.-A. C. Todd, P. Schuck, and 
H. M. Sachs, Using Voltage-Variable Ca-

pacitors in Modulator Design, Electronics, 

34:3, p 56-59. 

TRANSFORMER-COUPLED SERIES D-C MODU-
LATION-Eliminates need for bulky modu-

lation transformer and reduces envelope dis-

tortion when used in 27-Mc CB transmitter. 

Modulation power required is 0.35 mw. 

Chief disadvantage is that voltage source 

must be twice that of  tional collector-

modulated transmitter.-B. Rheinfelder, Modu-

lation Techniques for Transistorized A-M 

Transmitters, EEE, 11:7, p 54-57. 

IK 

_5,000 
pF 

2NI765 

L-- ,ociopF_  

3 2 

2-KV MODULE OF MAGNETRON MODULATOR 

With terminal 6 at +2,000 v, voltage-regula-

tor diodes maintain 400 y across each pnpn 

transistor. Lowest transistor receives 0.5. 

amp, 3-v trigger at its gate.-F. A. Gateka 

and M. L. Embree, Semiconductor Modulators 

for Modern Magnetrons, Electronics, 35:37, 

p 42-45. 
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LINEAR PWM FOR 0.5 TO 175 V—Tubes V4 

and V5 form bistable mvbr that will accept 

modulation voltage range of 350:1, from 

0.5 y to 175 v, at point A. V3 is Miller inte-

grator. With 0.05 mfd for Cl, pulse lengths 

are 61 and 173 millisec for limits of modula-

tion voltage. Linearity is nearly perfect.—J. E. 

Frecker, A Pulse Width Modulator, EEE, 10:12, 

p 28-30. 

6.3V — 150V 

400 CPS 

BALANCED-TRIODE SINE-WAVE MODULATOR 

—Gives sinusoidal output without filtering. 

Can be used for either open-loop or error-

signal modulation when high input imped-

ance and low-distortion sinusoidal output are 

required. Long-term drift stability is less 

than 1 mv per hour referred to output.—L. S. 

Klivans, Modulators for Automatic Control 

Systems, Electronics, 31:1, p 82-84. 

5K 

8 + 
BIAS ADJ 

10 K 
RI 

SQUARE WAVE 
SUPPLY 

27K 
R3 

F7 F8 

AI 82 

Es SX 

7.—i CT 
N 482A 

BI 82 

Es. 28 VOLTS PEAK TO PEAK, 

400 ^-• SQUARE WAVE 
PULSE-TIME MODULATOR USES TWO-QUAD-

RANT MULTIPLIER—Output transistor Q3 serves 

IN482A 

2001, 

501i 
RI 

47p1 
VI V 3a 
12AT 7 6AW8 

6815 

V 2a 

.V2b 

68 

D 

Rise Width 
Modulated 
Output 

PULSE — TIME MODULATOR 

R4 
470 

GAIN 

TRIM 

R2 

2.4K 

Dt 2N7I8 

IN 746 

51k 

60-CPS 

OR 

400-CPS I 

CARRIER t 
L _ 

1 

— j 

A 
ModutatIon 
Vottage 
IN 

3311 

V6b 
6AL5 

22k 

01u1 _r 4 7p1 

IB 
Negabve 
angger 
IN 

+250 v 

+12AU7 

100 _Ei—VVY----e—H0.1 124U7 

IOOK 

+250 V 

100 e< 

CHOPPER MODULATOR—Reduces output sig-

nal null level by balancing out zero input 

signal. Null levels can be maintained in 

microvolt region by proper shielding. Long-

time drift stability is less than 1 mv referred 

to output. Used with strain gage and other 

low-level transducer signals.—L. S. Klivans, 

Modulators for Automatic Control Systems, 

Electronics, 31:1, p 82-84. 

SWITCH SI i 

B + 20 VOLTS 

R8. 
620: 

D2 

10V ri.J• 

1_ 
B GROUND 

as series switch dri•en by Q2 and unngnetic 

modulator to give accurate analog multipli-

0 21 

2N7I8 

SWITCH S2 

5V. 
03 
SV5 

SG 
GROUND 

OUTPUT 

1 .MEG 

RI3 Vo 
10K 

cation.—W. R. Seegmiller, Accurate Analog 

Computation with Pulse-Time Modulation, 

Electronics, 35:13, p 54-57. 
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+690V 

TRIG 

8,700 V 

35 A 

2500HMS 
LOAD 

470K 

SERIES-DIODE MAGNETRON MODULATOR— 

In variation of spark-gap modulator, 25 

pnpn diodes in series with pulse-forming 

networks (PFN) are switched by trigger and 

resulting voltage transient to supply 8,700 

at 35 amp to load. Success depends on 

availability of 700-v diodes.—F. A. Gateka 

and M. L. Embree, Semiconductor Modulators 

for Modern Magnetrons, Electronics, 35:37, 

p 42-45. 

-F4 KV 

TRIG 

LOAD 

TRANSFORMER-TRIGGERED MAGNETRON 

MODULATOR—Success of circuit depends on 

availability of five pnpn transistors with 

breokover voltages of at least 800 v, in order 

to deliver 300-kw pulses to load through 

pulse-forming network PFN.—F. A. Gateka 

and M. L. Embree, Semiconductor Modulators 

for Modern Magnetrons, Electronics, 35:37, 

p 42-45. 

VI 

6CW4 

Low Frequency 
Input 

100 Ku 

Input 

.001g 

6—"V\A/A.A1-6 
10K 

OW°  S - 005 - 35 

Balance Control 

QI 

2N335 

1K 

 o OUTPUT 

V2 

6CW4 

100-KC HYBRID BALANCED MODULATOR— 

Circuit is essentially balanced bridge, with 

carrier injected by Ql. Balance is maintained 

by balance control and by bias adjustment on 

V1. Modulation is achieved by unbalancing 

bridge in accordance with low-frequency in-

put signal, using phase inverter Q2 to make 

both tubes unbalance bridge in same direc-
tion.—J. Chirnitch, Hybrid Balanced Modula-

tor for 100 Kc, EEE, 10:10, p 30. 

 > — 27.2V 

TRANSFORMERLESS-COLLECTOR MODULATOR 

—Provides 950 mw modulated power for CB 
transmitter, but 100% modulation can be 

reached only by using double modulation.— 

B. Rheinfelder, Modulation Techniques for 

Transistorized A-M Transmitters, EEE, 11:7, 

p 54-57. 

.001Mt 
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E5 

2.2 

7.5 K. 

5V 

1 01 
47 3A150 

iS 622 

reY.ZZI 
400 CPS 

TRIODE CLAMP MODULATOR—Dual-triode 

performs chopper function. With 6.3 I/ rms 

carrier, output is linear to 2 I/ rms for d-c 

inputs up to 25 v. Null level is 100 mv, but 

can be reduced by filtering. Long-time drift 

. 4N200J 

02 CD 

4N200J  

• 4 N200 J 

r -  
IpEN 

150K 'ITT TTI 

150K 

150K 

130K 

MAGNETRON 
BL242 

MAGNETRON MODULATOR—Uses four Shock-

ley diodes in series, triggered by avalanche 

triode transistor, to give action similar to that 

of conventional line-type pulser using hydro-

gen thyratron, but requires no heater power 

or warmup.-1.. Diven, Solid-State Modulator 

Feeds Subminiature Transponder, Electronics, 

33:27, p 48-51. 

MOD 

22K 4701). 

—13.6V 

0.0015 

MODULATED 
I EG OUTPUT 

stability is excellent. Output signal is nor-

mally square-wave, but tuned circuit shown 

converts this to sinusoidal signal.—L. S. 

Klivans, Modulators for Automatic Control 

Systems, Electronics, 31:1, p 82-84. 

TWO-TRANSISTOR MODULATOR FOR LIGHT-

EMITTING DIODE—Linear range of 80% 

modulation for bandwidth of 30 cps to 250 

kc, with only 3% distortion at 1 kc, permits 

good voice transmission over light beams 

generated by SNX110 light-emitting diode. 

—E. L. Bonin, Drivers for Optical Diodes, 

Electronics, 37:22, p 77-82. 

TRANSFORMERLESS BASE MODULATOR—Re-

quires only one audio transistor, and readily 

provides 100% modulation. Modulated output 

power is 660 mw for CB transmitter. Audio 

quality is excellent.—B. Rheinfelder, Modula-

tion Techniques for Transistorized A-M Trans-

'eaters, EEE, 11:7, p 54-57. 
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±0 -C. 
INPUT 

300K 

BAL 

rry-v-v-n 

RING MODULATOR—Can be operated with 

either input or output ungrounded. With 

100-y rms carrier and d-c input of 30 v, 

output is linear up to 0.2 y rms. Null level 

is less than 1 mv, but drift stability is poor 

E0 400-CRS CARRIER 

+250 V 

12007 

150 V 

Ep 25K 

— 6 V 

NULL ADJUST 

30K 

MODULATED 
OUTPUT 

VARIABLE PLATE RESISTANCE MODULATOR— 

Increasing magnitude of carrier voltage in-

creases modulated output. Used in amplifica-
tion of d-c signals for automatic control sys-

tems.— L. S. Klivans, Modulators for Automatic 

Control Systems, Electronics, 31:1, p 82-84. 

0.1 
10- KC 
CARRIER 1 

-L-

= 100K 

01 
200 CPS 
MODULATION 

—L— 

SILICONIX 
U 147 

1M 

100K 

47 
-6V 

1 0.0022 pF 

BIAS 
4-0 TO 2 VOLTS 
_L 

TRANSFORMERLESS LINEAR MODULATOR— In-

tegrated-circuit operational amplifier and 

field effect transistor in single-ended linear 

configuration eliminate need for filter and 

transformer. Carrier level is adjusted by 

changing d-c bias, which sets gate midway 

between zero bias and pinchoff.—J. Althouse, 

Linear Amplifier Circuit Eliminates Trans-

formers, Electronics, 39:6, p 99. 

MCDUL0TED 
OUTPUT 

and balance is critical. Used in applications 

where modulation of error signal is re-

quired.— L. S. Klivans, Modulators for Auto-

matic Control Systems, Electronics, 31:1, p 

82-84. 

100% MODULATION OF LIGHT-EMITTING 

DIODE—Inpt of 0.35 y rms at 1 kc gives 

100% modulation. Useful operating range 

of circuit is 30 cps to 25 kc for light-beam 

communication.— E. L. Bonin, Drivers for Opti-

cal Diodes, Electronics, 37:22, p 77-82. 

SIDE IN 

.0068 

PULSE IN 

+ I5V 

.0068 IK 

+I5V 

4.7K 

12.6V 

SNX110 

03 
2N 2221 

IK 

st_r 
OUTPUT 

2N222 I 

PULSE TRAIN AMPLITUDE MODULATOR— 

Provides amplitude modulation of pulse train 

with audio signal or other input, such as 

noise, over range of 0 to 200 kc with input 

pulses over 1 microsec wide. 80% modulo-

lotion is available up to 3 kc, decreasing to 

30% at input of 200 kc.—J. F. McCormick, 

Jr., Pulse Amplitude Modulator, EEE, 13:7, 

p 44. 
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CARRIER 
IN 

27 

MODULATED RUTHROFF 
SIGNAL OUT TRANSFORMER 

ATTENUATOR 

BALANCED MODULATOR-DEMODULATOR— 

Achieves high carrier and modulation sup-

pression by using closely matched diodes 

and providing R1 for amplitude adjustment 

and coaxial line for phase adjustment. R2 

provides slight amplitude -idjustment.—W. H. 

Ellis, Diode Quad Modulator Suppresses Car-

rier 65 Db, Electronics, 39:8, p 97. 

ADJUSTABLE 
COAX LINE 

MODULATION 
IN 

MODULATION 
TRANSFORMER 

LINEAR F-M MODULATOR—Adding emitter-

followers to astable mvbr makes output fre-

quency linear function ( within 0.01%) of in-

25pf 1+ 

MOD 

R-C COUPLED BASE MODULATION—Modula-
tion signal is injected by using two resistors, 

values of which are determined by available 

r-f drive power; higher power is needed for 

larger resistance values. Excellent lineariza-

tion of waveform is obtained with Re from 

10 to 30 ohms. Rb should be in range from 

100 to 2,000 ohms, with 470 as good com-

promise value. Modulation of 100% is easily 

achieved for CB transmitter.— B. Rheinfelder, 

Modulation Techniques for Transistorized A-M 

Truii3enitters, EEE, 11:7, p 54-57. 

±0 C 
INPUT 

100K 0.1 

nr..1'eZ .O'v:TY-VGPSn 
CARRIER 

DUO-DIODE HALF-WAVE SWITCH MODULA-

TOR—Tube serves in place of chopper. Car-

rier voltage turns diodes on and off, trans-

ferring d-c input signal to output when 

diodes are not conducting. With 10-v rms 

carrier voltage, output is linear up to 2 y for 

inputs up to 5 y d-c.— L. S. Klivans, Modu-

lators for Automatic Control Systems, Elec-

tronics, 31:1, p 82-84. 

put voltage for 50% modulation above and 

below center frequency.—G. Richwell, Linear 

FM Modulator, FEE, 12:10, p 59-60. 

24pF +601k 

24p(F I 

—60V 

ON OFF 
CIRCUIT CIRCUIT 

R3 C2 
47K 0.1 

470K 

—200V —300V 

50pF 
CI 

SERIES-RESISTOR PULSE MODULATOR—Four-

layer diodes with series resistors reduce 

350-y, 1-amp pulses to modulate twt and for 

other applications requiring fast-rise, varia-

ble-width, high-current flat-top pulses at 

repetition rates up to 200 pps.—E. H. Heck-

man, Three New Approaches to Pulse Modu-

lation, Electronics, 36:18, p 62-64. 

MODULATED 

OUTPUT 

TRANSFORMER-COUPLED BASE MODULATION 

—Modulation is in series with r-f signal, so 

transistor operates in common-emitter con-

figuration for both r-f and audio. Waveform 

is good, but modulation power is only 0.7 

mw into 900 ohms when audio bypass C 

is used. Without bypass, modulation power 

is 1 mw into 200 ohms.—B. Rheinfelder, 

Modulation Techniques for Transistorized A-M 

Transmitters, FEE, 11:7, p 54-57. 



CHAPTER 52 

Motor Control Circuits 

3K 59/ 

5E 2 

R2 

a500 

Ry 

390 

113 V 60C 

Ti 
DT 30285 

FULL-WAVE CONTROL—Uses only one control 

rectifier and one single-ended trigger to ob-

tain continuously variable a-c or d-c full-

wave output. May be designed for any 

standard service power voltage. Trigger is 

always synchronized with power bridge be-

cause both obtain power from same source. 

Used to drive and adjust speed of single-

6.3v 
AC 

TO \ 
CONTACTOR '— — 

LAMP COIL 

R—C TO SUIT 
SELECTED FREQUENC 

0R22 

3040 

WAD 

phase induction motor, drive and adjust 

speed of universal motors in machine tools, 

and vary light output of high-power incan-

descent lamp.—Full-Wave Control with One 

Trigger and One Control Rectifier, " Electronic 

Circuit Design Handbook," Mactier Pub. 

Corp., N.Y., 1965, p 187. 

FREQUENCY SELECTOR REG r150V 

22K ON SUBCHASS1S I,2,3A57 
1 0.1 50K ON SUBCHASSIS 6 AND 8 

 T RELAY s 
, HE—' 

AMPLIFIER , 05 
6156 

270K 50K 

006—  0.1 -

3.31( ST1M01L7AR 
50K FILTERS 

—105 V D C 

FREQUENCY FREQUENCY GENERATOR 
PRESET 

EIGHT-TONE CRANE MOTOR CONTROL—Eight 

preset frequencies or tones activate collec-

10K 

V, 66 Hl  
5.6K 

EF 37A 

100K 

REG 
+225V 

50K 

al I 

TT 

AUTO. 
REPLAY 

RECORDER 
OUTPUT X 

MATCHING 
TRANSFORMER 

TO RECORDER 
INPUT Y 

tor relays that operate crane motor contac-

tors. Sequence of preselected operations, 

2L 
400CPS 
I 15 V 
HYST 
SYNCH 

102V 

SQUARE— 
WAVE 

CONSTANT MOTOR SPEED—Precise control of 

instantaneous voltage and current for power 

transistors gives 90% operating efficiency in 

driving 400-cps synchronous motor of porta-

ble tape transport from 28 y d-c. Negative 

800-cps synchronizing pulses from precision 

oscillator ore applied to base of 03 to pro-

duce positive pulses at bases of 01 and 02, 

cutting them off quickly.— J. W. Caldwell and 

T. C. G. Wagner, Boosting Power Transistor 

Efficiency, Electronics, 31:47, p 86-88. 

Chas-
sis Frequency 

No in cps 

1 270 

2 1,600 

3 450 

4 2,600 

5 700 

6 3,800 

7 1,080 

8 4,500 

C1 C2 CI 

in µµf 

R21 Ra R4 

X1,000 ohms 

460 460 390 135 270 560 

220 220100 135I100270 
1 

390303270 195 560 560 
! 

1271100 68 135 100 270 

460,290 330 135 270 270 

68 68 78 10011001270 

330 270 270 100270 270 

100 68 251100 47270 

1,000 

270 

1,000 

270 

270 

270 

270 

270 

recorded on magnetic tape, is repeated by 

traveling crane during playback, to give pos-

itioning accuracies better than 1/8th inch. 

Table gives values of R-C network compo-

nents in grid circuit of phase-shift oscillator 

to provide the eight tones.—G. V. Sadler, 

Taped Tones Control Overhead Crane, Elec-

tronics, 31:1, p 63-65. 

404 
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GONIOMETER MOTOR AMPLIFIER—Portion of 

adf receiver output is separately rectified 

and applied to selective amplifier V1-V2-V3. 

Cl, C2, and C3 develop 90° phase shift re-

quired between two coils of goniometer 

drive motor and serve also as low-pass filter 

with sharp cutoff above 150 cps. Overall 

gain is high enough so motor will exert 

full torque when goniometer is only 3° off 

true null.—J. F. Hatch and D. W. G. Byatt, 

Direction Finder with Automatic Readout 

Electronics, 32:16, p 62-64. 

D-C 
BIAS-.  500J  

D-C • 25T 
SIGNAL I75T '  

 CRI 
-14 C35G 

22 

ANODE 
LAST I-F 
TUBE 

U. 

o 
I MEG 

10V 
22 

1,0001 

100K 

IN 536 

ALL WINDINGS ON 
ONE TRANSFORMER 

(4)TR 151 

11  
10,000 

µF 

T1 1N536 
CR3 
C35G 

22K 

100K 

22 

T1 Loopr IN536 
SX 2 

XI AND S X2 SAME AS SX ON FIG.4 

1N676 

VEO 

TCR 1020 

1µF 

TCR 1005 

0.25µF 

0.25µF 

1N676 

TK21 

TR151 

100µH 

-10,000 
c 5f 

G1 

MONOSTABLE 

G2 

50 MH 

:50 — 2,500 
µF 

2.2 MEG 

CR2 
C35G 

I I5V 
CT 

K. X 1,000 

220KÇ 10K 

MOTOR 
TRANSFORMER 

22 MEG I5K 2,2 MEG 470 I 

FULL-WAVE DRIVE FOR D-C MOTOR—Re-
quires four controlled rectifiers and center-

tapped transformer. Four magnetic cores are 
required for full-wave push-pull action.— 

W. R. Seegmiller, Controlled Rectifiers Drive 
A-C and D-C Motors, Electronics, 32:46, p 

73-75. 

SCR RING COUNTER DRIVES HYSTERESIS ring counter to work in switching mode. 

MOTOR—Speed range of 1,200 to 18,000 Series rectifiers prevent spurious modes dur-

rpm is obtained with 400-cps. six-pole frac- ing commutation. Output OX of circuit at 

tional-hp hysteresis motor by modifying scr left goes to center of circular configuration, 

6+ 

DRIVE 
MOTOR 

and OY g▪ oes to outer circle.—R. H. Murphy, 

Static Alternator Controls Three-Phase Motor, 

Electronics, 37:5, p 30-33. 
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TWO-SOURCE CONTROL—Acts as bidirec-

tional current switch that selects one of two 

oppositely polarized current sources for d-c 

motor of gyro or accelerometer. Switch is 

operated by opposing forces of motor tor-

sion and acceleration. Motor torsion opens 

switch, reducing speed and therefore torsion 

of motor, and acceleration forces then close 

switch. Shaft speed is therefore proportional 

to acceleration.—F. W. Kear, D-C Motor Con-

trols Improve System Accuracy, Electronics, 

33:41, p 76. 

2N1373 2N1038 

0.5 mf 101e 

19112 

 •-/V\Ar• 

50 K 

—1\1\e /jr7eed 

control 

element 

27012 500 9 30 9 

5 w 

r 
I 1 

09 Do D, 

SC R1 

Os 

R1 
CONTROL 

DEADBAND 

R3 

— 
D7 

Re 
R5 04 

R9 R6 GAIN 

117 
VAC 
60% 

FIELD Qi D3 CONTRORL2 De 

122 RI, 
C, 

06 R4 

D„ 
DI2 D2 

CR2 

MOTOR 
ARMATURE 04 : 1N1776 

D -0 ' 1N1695 5 IV 

D3 : 1N1692 

DII D2. D9,D10 ,DIPDI2 • SCR,, SCR2: AS REQUIRED BY LOAD 

: 3.3K 

R2 : 3.36 

R • 3.36.2* 

REVERSING DRIVE FOR SHUNT-WOUND 
MOTOR—Silicon controlled rectifiers in half-

way. circuit act with unijunction transistor 

100 9 
2 w 

2N511 

20 9 

20w 

Oscillator and speed control 
1 
1 

200 9 

Driver 1 

SWITCHING-MODE MOTOR SPEED CONTROL 

—Power-switch stage consists of four 2N514 

transistors in parallel, to handle starting or 

stalled motor current approaching 100 amp. 

Rectifier and capacitor in parallel with motor 

2N1373 

1 K 100 12 

Q9 
2N511 

49 
20w 

R4 : 3.36,2 ,11 

R5 • 2 MEG OHMS • 

R6 : it 

R7 : 47 R10 : 47 

Re : 2,500 C, 0.1,4F 

R9: 47 0, : 2N2646 

and two rheostats to adjust speed in either 

direction.—J. C. Hey, The Widening World of 

the SCR, Electronics, 37:25, p 78-85. 

Q8 

2N514 

R1 
0.0512 

2N514 

Power switch 

2N1302 

Q3 
2N514 

CC) 

1 K 478 12 

1 K 

Automatic drive control 

minimize possibility of damage to power 

transistors when they switch off heavily 

inductive motor load. Variation of time dura-

tion of on and off portions of power tran-

sistor cycle, controlled by 50K potentiometer 

1N2069 

Q7 
2N1372 

R 3 

0.0512 

R4 

0.0512 

Q4 
2N514 

L 

20 
ee amp 

O 
+24v 

dc 

Motor 

in mvbr, provides control of motor speed 

while giving high starting torque.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 477. 
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SERIES ACTUATOR SOLENOID DRIVE—Con-

sists of controlled rectifier in series with each 

solenoid, and saturable magnetic core firing 

circuit. Each magnetic core has two control 

windings, one for adjustment and one for 

signal. Can also be used to drive d-c split-

series motors. Windings of motor then re-
place solenoids.—W. R. Seegmiller, Controlled 

Rectifiers Drive A-C and D-C Motors, Elec-

tronics, 32:46, p 73-75. 

A-C 
BIAS 

D-C 
SIG-
NAL 

K. X 1,00 

SXI AND SX2 SAME AS SX ON FIG.4 

ONE-SOURCE CONTROL-05 determines di-

rection of current flow through motor wind-

ing, which in turn depends on position of 

motor control switch. Motor torsion opens 
switch, and acceleration during slowdown 

closes switch, to make motor speed propor-

tional to acceleration.— F. W. Kear, D-C Motor 

Controls Improve System Accuracy, Elec-

tronics, 33:41, p 76. 

10V 

Y 

1,4536 

100K 

DI 

1N5313 

C35A 

02 

57V 

SOLENOIDS 
RES'. 25 

02 
1N538 

C35A 

22 

1,0001 
1N536 

100K 

• 

X__JvT, ,  

• 1501 R1 
10K BIAS 

IK sUlADJ  

O-C 
SIGNAL 

CORES SAME AS IN 
FIG. 3 

501 • 

• 2001 200T I o'71 

FULL-WAVE PUSH-PULL FOR A-C SERVO-

MOTOR—Circuit is identical to full-wave 

push-pull d-c shunt motor drive except for 

different arrangement of firing circuit. Limit-

ing resistors R1 and R2 determine standby 

current.—W. R. Seegmiller, Controlled Recti-

fiers Drive A-C and D-C Motors, Electronics, 

32:46, p 73-75. 

- 

ef2 

o 

-L. 

MASTER T 180 

efl 

ARNOLD 
4635-1D 

12 

4001 

SLAVE  _J 

SD9IA 

N1 

2001 

ARNOLD 
AH- 138 

D9IA N; 

2001 
e02 o 

e02 

X 
10V 

Y 

ECLIPSE 
PIONEER 
'0047-2A 

TWO-PHASE INDUCTION MOTOR DRIVE— be used with hysteresis-synchronous motors 

Transistors used as controlled switches in to provide speed under load.—W. H. Card, 

inverter provide two-phase square-wave Four Transistor Inverter Drives Induction 

output from single d-c source. May also Motor, Electronics, 32:8, p 60-61. 
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ACCELERATION-SENSING SWITCH—Sen ing 

switch controls Ql, which provides power for 

accelerometer motor. Q2 and Q3 provide 

damping by current limiting, to increase ac-

curacy by one order of magnitude.—F. W. 

Kear, Dynamic Fluid Switch Senses Accelera-

tion, Electronics, 34:38, p 64-67. 

CURRENT 

LIMITER 

1 

C1 - 0. 6 

C2 - O. 03 

C3 - 0. 1 

C4 - 1.0 

C5 - 2200 p,rF 

CB - 470 pp F 

C7 - 1000 50V 

R, - 4.7K,10% 
R3 - 100K VARIABLE - SPEED CONTROL 
R4 - 100K, I/2111,10% 
C2 - 0.5pf,50V 
Di - GE IN536 
21 - 25V ZENER DIODE, I 1./ 

TI - PULSE TRANSFORMER, SPRAGUE 
93220 OR EQUIVALENT 

FULL-WAVE SPEED REGULATOR— Features 

closed-loop feedback armature control to reg-

ulate speed of 0.5-hp shunt-wound d-c motor 

PULSE MODULATOR 

12 2. R4 - 5. 1I‘ 

12 3 - 2. 7 K 

R 5 - 2 K 

R6 - 5IK 

R7' RI2' R13' R21 - 10 K 

R8 - 20 

Rs - 470 

R 10 - 51 

R - 100 0. 10 W 1 R II - 2.4 

GOLF CART TRACTION DRIVE—Pulse-width-

modulating series motor control was designed 

to operate motor in Cushman golf cart from 

36-v battery supply. Provides 200 amp for 

climbing steep inclines and up to 300 amp 

MOTOR 

R22: 

12 14 - 100 fl POI 

R15, R22 - 100 11 

R16 - 5100 

R17 - 100 K POT 

R18 - 6.8 K 

R19 - 27 K 

R20 - 39 K 

R23 - 120 st, 20 W 

R24 - 0.004 st, 50 W 

• 

12 25 I Itu I-233 - 12 11 

R34 Thru R42 - 0. 03 n. 

R43 - 0. 5 n, 50 W 

D1 - 1N2976 

D2 - 1N3128 

03 Thru D9 - 1144001 

13 10' D 11 - MRI210 

DI2 - 1114001 

CR5 

CRI-CR5 GE 4408 
SCRI-GE C35B 
0, - GE 2N2646 
CR8- GE 6R82154505 
THYRECTOR (OPTIONAL-

TRANSIENT PROTECTION) 

over 6:1 range.—"Silicon Controlled Rectifier 

Manual," Third Edition, General Electric Co., 
1964, p 145. 

for starting. Eight MP506 transistors in 

parallel are used to switch peak motor load. 

Speed is changed by varying width of pulse 

that is applied to motor at constant rate, 

to vary average motor voltage.—H. F. Weber, 

 O 

25 +36V 

THRU 

R33 

R34 

THRU 

R42 

1 o 
@I. @2, Q5. Q6 - 2N2218  

10 w @3 - 2N1187 

- 2112160 

Q7 - 2111188 

Q8 - 2111559 

@9 This Q17 - MP506 

"Solid-State DC Motor Control for Traction 

Drive Vehicles," Motorola Application Note 

AN- 189, Mar. 1966. 



MOTOR CONTROL CIRCUITS 409 

FULL-WAVE REVERSING D-C MOTOR DRIVE— 

Designed around two scr's with common 

cathode (SCR2 and SCR3) and two more with 

common anodes (SCR1 and SCR4). If load 

is d-c motor, plugging action occurs if R1 is 

reversed suddenly. R14 and R15 limit fault 

current if voltage transient should fire odd or 

even-numbered pair simult ly."Sili-

con Controlled Rectifier Manual," Third Edi-

tion, General Electric Co., 1964, p 141. 

BIAS VOLTAGE— I TO-6V 

Rr- (OOD LINEAR Poi 

.2.., — 00 0.6.1/2 WATT 

R5.09-2700 ORWS,1/2 WATT 

54,R« — 101(., WATTS 

14-4700 09914.1/2 WATT 

R11..12  2200 ONWS.2WATTS 

. 1.015  tIrG'Óel .2:rerct OLRO;t".---
 0 2 WPD 

SCR,SCRLSCR,SCR.—G-E SCR I VOLTAGE RATING IXPER-
.0.19,1.T,C,,211:,C;21:GARY AAAAAA OR-

CR,potz.C113.CR..C115.C14— G-E 100813 

CRT G E Men 

003 G-E 251871A 

0, G E 211339 

 PE2231,UTC W51, OR COLIARLENT 

RI REQUIRED WV LOAD 

SMALL D-C MOTOR CONTROL—Will drive 

2NI303 small permanent-magnet motor at speeds 

below 1 rpm up to full speed, in direct 

proportion to control voltage, without fric-

t6V SPEED CONTROL 

ULTRASONIC CONTROL RECEIVER—Five-stage 

amplifier 01-5 amplifies both control signals, 

38.285 kc and 41.805 kc, while Q6 and 07 

operate as class B detector-amplifiers to elim-

inate need for separate diode detectors. De-

sired control frequency energizes only one 

coil of double-fulcrum motor control relay. 

while noise acts on both coils and keeps 

relay balanced.—Transistor Amplifier Controls 

Remote Appliances, Electronics, 34:21, p 59. 

2 NI74 
tion problems. Applies full voltage of 12 

TO MOTOR to motor and provides speed regulation by 
41 interrupting voltage at about 50 cps and 

varying ratio of on time to off time.—Motor 

Speed Control, "Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

p 28. 

à à U 
.—A DOUBLE A—OUT 

FULCRUM 
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D-C Rcr5K 
SIGNAL 
SOURCE Ni 

Tj 

• 

5V 
I R 
1 

• NC2 5K 

• 
,•10V 

• 
57V 

CORES SAME AS ON FIG. 3 
NGI NG2 . 1,000 TURNS 
Nei r 175 TURNS 

WOUND OVER BOTH CORES 
Nc2 r 25 TURNS 

BIAS 

• NGI 
k 100K 

SX 

1 

1N536 

HALF-WAVE DRIVE FOR D-C MOTOR—Uses 

controlled rectifiers to control armature of 

d-c shunt motor or d-c torquer, for applica-

tions requiring push-pull output for reversi-

ble drive. Saturable reactor control windings 

are wound over both cores together. Maxi-

K.X i,00 0 

22 
Vet 

Kr X 1,000 

C35G 

57V, 
400'1, 

SHUNT 
C 35G MOTOR 

R A' 13 

mum current during reversal from top speed 

in one direction to top speed in opposite 

direction is approximately 20 amp, with cur-

rent dropping to 10 amp in 0.1 sec.—W. R. 

Seegmiller, Controlled Rectifiers Drive A-C 

and D-C Motors, Electronics, 32:46, p 73-75. 

REVERSIBLE HALF-WAVE SPEED CONTROL— 

Simple circuit is adequate for majority of 

universal series-wound motor drive applica-

tions. Direction of rotation depends on which 

93I-A 50 TO 250V 

0 VI --'s.""0--•--1 
100 K 

250V 

931A I 

BRAKE 
SOLENOID 

PUNCHED TAPE CONTROLS MOTOR—Photo-

tubes sense holes punched in programmed 

tape and feed resulting command signals 

UNIVERSAL-MOTOR SPEED CONTROL—Regu-

lated speed control is achieved by varying 

conduction angle of scr placed in series with 

armature and field of universal a-c/d-c motor. 

Makes use of motor residual field to induce 

counter emf in armature proportion to speed, 

for use as feedback signal. Provides stable 

operation at low speeds for sewing machines 

and small appliances.—"Silicon Controlled 

Rectifier Manual," Third Edition, General 

Electric Co., 1964, p 143. 

CI, 200,uf 
C2,5pf 
CRI-4. 4408 
CR8-7 , IN1694 
R1 1500 
R2, 1500 
Rs, 3000 CT 
R4, 1000 

SCR C208 
CR8 : A408 

MOTOR SERIES,REVERS1BLE 

half-cycle scr conducts, since series field is 
in a-c leg of bridge rectifier.—"Silicon Con-

trolled Rectifier Manual," Third Edition, Gen-

eral Electric Co., 1964, p 144. 

through relays to three thyratrons whose 

loads are windings of step motor for milling 

machine.—A. G. Thomas, Digital Control of 

Machine Tools, Electronics, 33:11, p 174-176. 

ACCELERATION-SENSING SWITCH WITHOUT 

OVERSHOOT—Provides null capture in indi-

cated balance point for each level of acceler-

ation, with bidirectional current switching for 

accelerometer motor.—F. W. Kear, Dynamic 

Fluid Switch Senses Acceleration, Electronics, 

34:38, p 64-67. 
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CI 
.002 
PF 
25V 
DC 

120v, 
60 cps 

o  
Dc con rol 

î ±6v 

BALANCED-BRIDGE REVERSING DRIVE— 

Phase-sensitive servo drive supplies reversible 

half-wave power to armature of small per-

manent magnet or to shunt motor. Power 

circuit consists of two half-wave circuits back-

to-back (SCRI-CR1 and SCR2-CR2) fired by 

ujt QI on either positive or negative line 

half-cycle depending on direction of unbal-

ance of reference bridge containing sensing 

element RI, which con be photoresistor, 

thermistor, potentiometer, or output from 

control amplifier.—"Silicon Controlled Recti-

fier Manual," Third Edition, General Electric 

Co., 1964, p 142. 

E 

RI 

 *-1".A.Arst-
V2W II50 0 

Q I 
2N375 

R3 Ç R2 
aW Ç 2W 
4700 S 720 

5,600n Armature 

Series 
field 
w e4 

t eGa in 
25 Kft 

ZJ-257  
Trioc 

A408 

Dioc 
ZJ-238 

• 
MOTOR E 
SHUNT 
FIELD e 35 MOTOR 

0.65 ÷ 0.2A 

117 VAC 

MOTOR 
ARMATURE 

CR1, CR2, SCR' •SCR2 AS REQUIRED BY LOAD 
RI : 3.3K R6: IK CI : 0.1pf 
R2: 3.3K R7: 4711 01: 2N2646 
R3: 33K,2W 178: 250011 C124: 1N1776 
R4: 3.3K,2W R9: 470 CRS-8: 1N1695 
R5: 2 MEGOHMS RIO: 47Il CR3: 1N1692 

TRIAC-DIAC REVERSING SERVO CONTROL— 

Varies speed and direction of 5-amp reversi-

ble series a-c motor in accordance with d-c 

control signal. Polarity of control signal de-

termines direction of rotation. Gain potentio-

meter adjusts slope of speed   control 

voltage curve.—M. P. Southworth, Bidirec-

tional Static Switch Simplifies Ac Control, 

Control Engineering, March 1964, p 75-76. 

200 

56K 

SERIES 
FIELD 

GOVERNOR-TRANSISTOR SPEED REGULATOR 

—Centrifugal governor is used as error de-

tector, with contacts handling only a few 

microviatts. Two-transistor amplifier actuated 

by governor is connected across motor field 

resistor, with power being obtained from 

24 y d-c motor bus. Maintains 0.5-hp motor 

speed at 6,000 rpm over input voltage range 

of 20 to 30 v.—Transistorized Speed Regula-

tor, "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 30. 

6.8K 3.3K 10K 20K 

2N489 0.002 

IN2701 
10K 2NI302 

0.002 === 

0.002.= 

; 6.8 K 
0.002 I 

--if  
C1, C2 AND C3 
ARE MOTOR 2N489   
COILS 

3.3K 10K 

2N489 0.002 

I N 2701 
56 2N 1 302 

3.3K 10K 

56 

20K 

0.002 
IN270W 

2NI302 

2NI 302 

2N1302 

2 N I 30 2 

3 

2N650 

IN27o 

2N650 

14  
I N270 

2N650 

IN 270 

STEPPER-MOTOR PULSE GENERATOR—Uni- tal Control Uses Unijunction Transistors, 

junction ring counter energizes windings of Electronics, 34:18, p 79-80. 

stepper motor sequentially.—F. W. Keor, Digi-
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TIMER 

PILOT, 
LIGHT; 

3900 SCR 
2 WATT GE 

C228 

A 

LINE Si 
VOLTAGE 

10 

100V 

2700 8 
I WATT 

n0-600 
0 5 WATT 

52 

0, 
GE 
AI382 

5, 

MOTOR 
wARING 
1029 

THREE-SPEED BLENDER CONTROL—Single scr 

safely handles 7.5-amp current of 1/2-hp 

motor. Feedback is used to change firing 

angle of scr as load increases, to maintain 

constant blending speed.—J. Eimbinder, SCRs 

In The Consumer Market, EEE, 14:8, p 

100-103. 

I2VCC 

110V 

HANSEN 
MAGNA— 

TORK MOTOR 

-:r 

CONTROL 
VOLTAGE 

FIELD-EFFECT TRANSISTOR CONTROLS PULSE 

OSCILLATOR—C653 transistor serves as volt-

age-controlled nonlinear resistor that varies 

time constant of oscillator. Can generate 

narrow output pulses at rates up to several 

Mc, to drive stepping motor.—T. C. Ross, 

Field-effect Transistor Controls Pulse Oscilla-

tor, Electronics, 37:18, p 80-81. 

3S4 OUTPUT 
KFMR 

6AV6 

I ST 

AUDIO 

500K 

47K 

Line 

SPEED FEEDBACK— Introduction of speed feed-

back signal into firing circuit helps maintain 

constant torque regardless of speed. Tunnel 

diodes provide excellent stabilizing action 

at low speeds.—TD/SDR Combos for Sale, EEE, 

12:3, p 62-64. 

MOTOR NOISE ACTUATES MUTING SYSTEM— 

Noise pulses from commutator-type tuning 

motor in receiver are rectified and used to 

bias audio stage to cutoff for as long as 

tuning motor is running. Audio amplifier re-

mains cut off for about 0.25 sec after motor 

stops.—Muting System for Motor-Tuned Re-

ceivers, " Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 51. 

6-V D-C MOTOR—Motor B is energized by 

rectified voltage from transformer. Direction 

of rotation is controlled by polarity of input 

signal, which determines whether 01 or 02 

is conducting. Motor draws several hundred 

ma.—J. B. Tiedemann, Transistors Control 

Small D-c Motor, Electronics, 39:7, p 93. 

REVERSIBLE 
SERIES MOTOR 

REVERSING DRIVE FOR SERIES D-C MOTOR 

—Triode and diode a-c switch components 

can be triggered into conducting in either 

direction by applying positive or negative 

gate current signal. Transducers can be used 

in place of potentiometer and rheostats to 

give automatic speed control.—J. C. Hey, The 

Widening World of the SCR, Electronics, 

37:25, p 78-85. 



CHAPTER 53 

Multiplier Circuits 

NOTE: C2 , C3 POLYSTYRENE CAPACITORS 

,L2 SHIELDED INDUCTORS 
(UTC INDUCTOR HVC - 2) 

Q MULTIPLIER FOR TONE FILTER-Provides sta-

ble multiplication over wide temperature 

ronge, as required for high-selectivity single-

frequency telemetry tone filter. Center fre-
quency is 8 kc and bandwidth is 40 cps. Q 

is about 200.-W. New, Jr., Stable Q Multi-

plier, EEE, 13:4, p 41. 

+20V 

INPUT 

A 2.37K 

2.61 K 

+20V 

INPUT 

a 2.37K 

2.61 K 

FIELD CURRENT AMPL 

+10 

2N332 

20K 
ZERO 

330 390 

2N369 

6.8K 470 

-10 V  2K  -10V 

+ 10V 
56K 

K. X 1,000 .T 

2N332 

20K 
ZERO 

R3 
-10V 2 K -I0V 

+10V 

+20V 
10K 

2(4366 

CONTROL CURRENT AMPL 

330 390 

2N369 

HALL-EFFECT MULTIPLIER-Circuit gives alge-

braic product of two inputs. Accuracy is 

only 0.5%, but cost is low. Control current is 

applied through long dimension of Hall semi-

+20V +10V 

2N456 

2N366 

390 
470 

-10 V 

1K 

7.2K 
2NI91 

HALL-MULTIPLIER FIELD-COIL DRIVE-Feed-

back amplifier drives field coil current in 

phase with input signal over range of 0 

cps to 7 kc, with less than 1.5% distortion.-

R. A. Greiner, Feedback Amplification Im-

proves Hall-Effect Multipliers, Electronics, 

34:34, p 52-55. 

+10V ZERO FIELD 
BALANCE 

2N456 61.0 

 E,110K 

HALL I 
GEN 

INPUT A 

0 TO 
+ 5V 

INPUT B 

CONTROL 
CURRENT 
AMPL 

0 TO 

I 6.8IK 

R9 
100 
GAIN 

Re 
30K 

SIG 
GND 50 

ZERO 

Q2 

5V 

01 

2N366 
0.1 

4.75 
-I0V 

FIELD 
CURRENT 
AMPL 

-I0V 

0 TO 

+ 300 
MA 

0 TO  
±I00 
MA 

2N369 

HALL 
GEN 

ASSEMBLY 
j 0 TO  + 70 MV 

OUT 
PRODUCT 
AMPL 

2N366 

2N366 2N369 2N366 

6.8IK 2.2IK 

+10V -I0V  

PRODUCT AMPL 

AB 
0 T0+-5 V 

2.2IK 

+10V 

+10V 

5K BALANCE 

-10 V 

OUT 

SIG 
GND 

POWER SUPPLIES FOR PRODUCT AMPL ISOLATED FROM 
33 POWER SUPPLIES FOR CONTROL AND FIELD AMPL 

conductor element, to produce voltage across 

width of element that is proportional to tronics, 33:29, p 64-67. 

prod.ct of control current and magnetic flux 

density.-W. A. Scanga, A. R. Hill:linger, and 

C. M. Barrack, Hall-Effect Multipliers, Elec-

413 
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RECORDER 

50 

30V 

=- NC  

E, SOOT 500T 

5007 500T 
Nc 

120V 

400 CPS 

Ep „D ip 

IN 538 

Rt, 

1N538 

Rt2 

RL2 

FOUR-QUADRANT SIGNAL MULTIPLIER-High-

speed magnetic-amplifier square-law circuits 

with silicon diodes and resistors replace slow-
response thermal converters in four-quadrant 

analog multiplying device. Polarity-reversible 

signal currents 11 and 12 are multiplied with 

Jr" 
CALIBRATION SWITCH 

IST 
CLIPPER 
I2A X7 

VI  
+300V 

IN  I8O6I6 

40-wit - 
._15•0•2 

IN 

9 
e-o 

90. 2 

/ 47K 47K 

ei.EG 

+50V 

1ST 
CLIPPER 
12AX 7 
V4 

+300V 

K. X 1,000 

I47K 47K 

¡IMES 

+5QV 

N538 

GROUND SHIELD AT SOURCES 

2ND 3RD 
CLIPPER CLIPPER 
12AK7 I 28X7 

47K 47K 47K 47K 

0.68 

47K 
IMEG 

2ND 3R0 
CLIPPER CLIPPER 
I2AX7 128%7 
V5 V6 

471( 47Kg 47K 47K 
0.68 

POLARITY-COINCIDENCE MULTIPLIER-Detects 

weak low-frequency signals in high-noise 

background, with output indicating presence 

e 47K 
11.1EG 

II 

N538 

1N53 

I 5H 

RE 
1000 

I0 
RE 

1,000 

N 
1,5C07 

1;12)% 

II 

E2 
O T07.2.5V D-C 
; L-

000 
R2 

41 
o 
o 

50,000 

E, 

0 TO 2.5V (3-C 

R1 

two square-law and two push-pull magnetic 

amplifier circuits. Reversible-polarity output 

drives ink oscillograph.-W. A. Geyger, Multi-

plying Circuit Uses Magnetic Amplifiers, Elec-

tronics, 32:2, p 58-59. 

1/2 681.5 1/2 6ALS 
V104 VIOB 

AND 
12AX 7 
V 8 

47K 

+231,/ 1/2 6ALS 

V9A 

I/ 2 GALS 

V98 

OW» •••.* ••• •• ••• 

0*1 

 It  
0 I 

0.1 10K 4.7K 
1 
E elAIEQ 100K 

39K CK705 
(2) 75 

0.004 F 40a.,uF 

OR 

IN214 

1N214 

I8K 2 
()ice 

820 820 

470K   

22K I8K 

ASTABLE 
MULTI 
58I4A 
VII 

R2 
47K 

MULTI-
PLIER 
OUT - 22.5, 

+23V 

47K 

SEC 1 ° SEC 
o 5SEC 

.68 

+ 300V 

and phase shift of signals received at dual 

inputs. Accuracy is within 1% for inputs of 

1 to 500 cps.-B. M. Rosenheck, Detecting 

o— +300V SUPPLY 
8+ 

2.2MEG 

_t 

BISTABLE 
MULTI 
58I4A 
VIZ 

4.7K 
$IG 

I 80.eil c 

o-o 
113K —0 

O. 

40nrcF 

+300V 

470K 

I.5V 

o  

22K 25K 22K 

TIME 
CONSTAN 
SELECTOR 

o..„25 SECs 3 TIME 
AVERAGER 
OUT 

PROGRESSIVE 
SHORTING 

ZERO 
BALANCE 

10 

TIME AVERAGER 
- CONSTANTS 

(IN SECONDS) ARE 
FOR A SMEG LOAD 

Signals by Polarity Coincidence, Electronics, 

33:5, p 67-69. 
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ANALOG VOLTAGE MULTIPLIER—Pulse-width 

modulator and push-pull rectangular pulse 
generator driving diode-bridge switch give 

product of two input voltages X and Y, 

which must be in range of — 10 y to + 10 v. 

Input circuit of pulse-width modulator DI-VI 
is supplied by 10-kc negative-slope sawtooth 

and input variable X.—J. Ash and Y. J. Felt-

kinga, Inexpensive Multiplier for Analog 

Computers, Electronics, 35:18, p 37. 

0A202 

V-I 

6 A K5 

DI 
10 K-C 

SAWTOOTH 

= 9V 

2N652 

0.001 

100K 

X IN 

FERROXCUBE CORE 25/163BI 

•:- PRIMARY 500T NO.40, SECI,000 T C.T. NO.40 = 

SQUARE ROOT OF SUM OF SQUARES OF 

THREE VARIABLES—Output signal of Hall-

effect squaring multiplier HG is fed to dif-

ferential amplifier A. Amplified cliff  

controls current through lamp that deter-
mines resistance of photoresistor r which, 

with 2N174, controls Hall current derived 

from voltage source.—H. H. Wieder, Square. 

Root Computer Uses Hall Multiplier, Elec-
tronics, 37:4, p 30-31. 

_1 

2NI74 

3.3K 

47 

IC 10 

HALL MULTIPLIER FOR ANALOG RATIO COM-

PUTER—Indium arsenide Hall plate serves as 
analog multiplier in circuit with photoresistor 

1 M 

A 

- 

_ L__ 

10K 

 V1rNi  
10K 

1 Id 

R and 2N174 grounded-emitter power amp-

lifier that controls drive current of Hall gen-

erator. Differential amplifier A in feedback 

+300 

D2- D5 
04202 

OUT 

loop including lamp I controls Hall current. 

—H. H. Wieder, Analog Ratio Computer Uses 

Hall Multiplier, Electronics, 36:45, p 46-47. 
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HALL-MULTIPLIER PLATE DRIVE-Current re-

mains in phase with signal from 0 cps to 

over 20 kc. Distortion is less than 1% over 

PULSE-AMPLITUDE MODULATOR-Used in mul-

tiplier that acts with one of operational am-

plifiers of analog computer. Double-triode VI 

here provides pulse-amplitude modulation, 

for use with separate pulse-width modulator 

to form desired product of two input vari-

ables.-A. J. Ferraro, Multiplier for Analog 

Computers, Electronics, 33:45, p 73-74. 

<' X 1,000 

I3,000- CPS 
SAWTOOTH 

entire ange.-R. A. G einer, Feedback Amp-

lification Improves Hall-Effect Multipliers, 

Electronics, 34:34, p 52-55. 

TRIANGLE MULTIPLIER-Electronic multiplica-

tion is achieved by making slope of saw-

tooth wave proportional to one factor and 

duration to other factor. Peak height of tri-

angle will then be proportional to product. 

Triangle is generated by charging C with 

PULSE-WIDTH MODULATOR-Combines func-

tions of rectangular pulse generator and 

width modulator for analog multiplier hav-

ing error less than 2% of full-scale output-

A. J. Ferraro, Multiplier for Analog Comput-

ers, Electronics, 33:45, p 73-74. 

0.01 
PIN 4 —I 

VII4 I6SK 7 ) 
PIN I 

GENERAL 
RADIO 
1170-B F. M. 
MONITOR 

MILLER 
5495A 

- 10K 
E.10.9 
+1 

01 2N696 

2K 
02 

2N696 2K 

O 
4,- Ty -9. 

—.1k T2 --•••1 
Tx Ty 

P 
Ii T2 AVERAGE AVERAGE OUTPUT : 10.9 Py 

PROBABILITY MULTIPLIER-Based on convert-

ing two analog factors to duty cycles of 

pulse trains of uncorrelated repetition rate. 

Pulse-train control of and gate is such that 

there is no output unless both trains are 

simultaneously positive, and then average 

value of gate output is proportional to prod-

uct.-T. R. Hoffman, Analog Multiplication 

Using Time as One Variable, Electronics, 

33:33, p 136-138. 

collector current of constant-current genera-

tor Q1 during time interval in which 02 is 

cut off.-T. R. Hoffman, Analog Multiplica-

tion Using Time as One Variable, Electronics, 

33:33, p 136-138. 



CHAPTER 54 

Multivibrator Circuits 

TV HORI ZONTAL-SWEEP OSCILLATOR—Cath-

ode-couped multivibrator includes noise-immu-

nizing tuned circuit in plate circuit of triode. 

—C. L. Barsony, Graphical Checkout of Multi-

vibrator Design, Electronics, 33:8, p 55-57. 

EMITTER 
FOLLOWER 

+10V 

VIN 

Ql 
2N1893 

33K 
R6 
27K 

SCHMITT 
TRIGGER 

THRESHOLD 
CONTROL 

R4 
1,500 

03 
2N1893 

10V 

R9 
22K 

SWITCH 

De 

1N746 
3.3V 

•-20V 

R10 
6,800 

04 
2N1132 07 

1N9658 

TRANSFORMER-CONTROLLED MVBR —Gives 

sharper trailing edges and tighter control 

over ratio of on times of the two sides, as 

compared to choke control for same free-

running mvbr.—W. M. Carey, Using Inductive 

Control in Computer Circuits, Electronics, 

32:38, p 31-33. 

03 

1N914 
Il  

MONOSTABLE 
MULTIVIBRATOR 

+20V 

15V 05 
2N1893 

D2 04 
Z1N914 

R11 
330 
1/2W 

+10V 
20V 

1N914 

Rs6 
10K 

OUT 

06 
2N1893 

96-MILLISEC PULSE STRETCHER—Monostable 

multivibrator stays on for 96 millisec after 

Schmitt trigger goes 

through R12.—J. R. 

ott, while C 

Giroux, Multi's Output 38:4, p 88-89. 

Duration rnntrolled by Input, tlectronlcs, 

417 
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PREFERRED PRF GENERATOR-Astable plate-

to- grid coupled mvbr serves as moderately 

stable repetition-rate generator having 

greater frequency stability than blocking 

oscillator and fewer components than Wien-

bridge oscillator. One drawback is that out-

put impedance for positive pulses equals 

plate load resistance, which must be relative-

ly high for good frequency stability. Output 

is 260 y for 5814A and 125 y for 6111. 

Maximum prf is 8,000 pps.-NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube Cir-

cuits, 1963, PC 40, p 40-2. 

220 pf 1N659 
Trigger 0_1 

input 

. I.47K 

150-KC BISTABLE-Designed as storage ele-

ment in digital logic circuits for computer, 

control, and communication equipment. Can 

be used as counter and as serial or parallel 

shift register at operating rates up to 150 kc 

under maximum load. Article gives connec-

tions of lettered terminals for various circuit 

functions and performance characteristics.-

NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 

Semiconductor Device Circuits, PSC 9 (orig-

inally PC 212), p 9-2. 

Ebb 

Unless otherwise stated 

R in ohms; L in p..11; 

C< I in /.1.f; C > I in pf 

Components: 
R1, R5: 68Kii ( 5811A); 39Ki( ( 6111). 

C1=C2.= 0'79 X10. pf, where prf=pulse repetition frequency 
prf 

C R I 
IN695 

RI 
3.3K 

(0)0--We-4 

1560 

1 K 

2N1304 

-I8V 

0R2 -6v 
N695 I 1N695La  

in pulses per second. 

10-MICROSEC MONOSTABLE MVBR-Output 

pulse width is approximately 10 microsec 

with values shown for basic one-shot.-

Texas Instruments Inc., "Transistor Circuit De-

sign," McGraw-Hill, N.Y., 1963, p 381. 

CR4 

R6 
26.1K 

+ 
CR3 6V 
IN695 

R5 „ R7 
3.3K IC) (e) 3.3K 

•--efflt-c) 
Ca 

1560 560 

(d) (f) 

CR6 
IN695 

RIO 
3.3K , 

•-eVW--Olg 

 0(j) 

C6 
1560 

(h) (PI 
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RELAY MVBR WITH ISOLATOR DIODES—Use 

of diodes to isolate capacitors reduces capaci-

tance requirements for low frequencies. 

High-resistance relays for K2 and K3 cut 

costs.—R. L. Ives, Multivibrator for Low Fre-

quencies Uses Relays, Electronics, 34:32, p 

166-169. 

6U8 

-105 V 

CATHODE-COUPLED TRIGGER—Series diode 

improves sensitivity for cathode-coupled mon-

ostable mvbr while giving stability of 5% for 

threshold levels of several mv. Second tube 

can be triode, permitting use of 6U8 tri-

ode-pentode in compact assembly.—M. M. 

Vojinovic, Series Diode Increases Multivibra-

tor Sensitivity, Electronics, 32:17, p 90-91. 

+200V 

CRYSTAL CONTROL IMPROVES STABILITY— 

Use of 7-Mc crystal in place of feedback 

capacitors in c tional mvbr improves 

stability and waveform while still permitting 

operation down to 750 kc. Circuit also op-

erates with one crystal; variable 7-47 pf 

capacitor in noncrystal-controlled side per-

mits varying pulse width on this side over 

wide range.—H. R. Newhoff, Crystal-Con-

trolled Multivibrator has Better Stability, 

Electronics, 36115, p 60-61. 

CR 5 RIO 
(NOTE 1) IN658 

PREFERRED NONSATURATING BISTABLE—Used 

for frequency division of pulse trains when 

high stability is required. Cascade connection 

with appropriate feedback can provide any 

desired ratio. Also useful for coding, gating, 

as 
o SHUTOFF •Vv%  

10K 

+25V 

INPUT 

and synchronizing. Maximum operating rate 

is up to 1 Mc.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Circuits, 

PSC 15 (originally PC 253), p 15-2. 

Ebb 

PREFERRED BISTABLE—In response to nega-

tive trigger, generates voltage steps of op-

posite polarity at the two outputs. Has no 

timing function, so second trigger is needed 

to restore circuit to initial state. Used as 

-150V 

113, R7: 270Kt( ( 5814A); 680Ku ( 6111). 

radar gate. Requires 150 y plate supply 

for 6111 and 300 y for 5814A.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 42, p 42-2. 
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OUTPUT 
A 

5814 A 
OR 
6111 

CI 
° INPUT  
TRIGGER 

470 

Ebb 

Unless otherwise stated 

R in ohms; L in µh; 

C>linpf; 

R2 R6 
1K 

Components: 
R6: 470Kit ( 5814A) ; 680Kst (6111). 

TRIGGER 
IN 

—150V 

R3  
R4  
C3 ( pf) 

R7 
27K 

OUTPUT 
B 

5 814 A 
OR 
6111 

Gate duration (, see) 
25-100 100-2500 >2500 
250K9 5001{0 1M0 

 4701(0 11'40 1.5M0 
 4000T 2000T 1000T 

PREFERRED MONOSTABLE-Generates positive 

or negative rectangular gate in response to 

positive input trigger. Duration of gate will 

remain within 5% of initial preset value, and 

amplitude will be constant within 30%. Cir-

cuit is self-timing, with output gate duration 

determined by configuration and values of 

R3, R4, and C3. Used in radar to establish 

period during which main display sweep is 

presented, to provide crt unblanking gate, 

and to provide enabling gate for distance 

mark generator.-NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 41, p 41-2. 

-35 V • 

CONSTANT-PULSE-WIDTH ONE-SHOT-Mono-

stable circuit holds pulse width constant 

within 0.5% from 65 C to 110 -C. Stages 

Q1 and 02 form conventional one-shot. Use 

\IVY' 

47K 

of differential amplifier for 02 stabilizes base 

voltage for turn-on of 02 near ground. Con-

stant-current transistor 03 minimizes effects 

of small voltage variations, and switching 

8+ 
LAC? 

1.5K 

400 VI 
p+F 

6AC7 

500 
• 

BIAS 

HIGH TRIGGERING SENSITIVITY-Semiconduc-

tor diode is used as series non mear element 

in feedback loop of monostable mvbr, to 

give good stability along with improved trig-

gering sensitivity for nuclear event registra-

tion, pulse analysis, counting, and time mod-

ulation.-M. M. Vojinovic, Series Diode In-

crease Multivibrator Sensitivity, Electronics, 

32:17, p 90-91. 

PRF GENERATOR-Provides frequency stability 

of 3% as repetition rate generator in airborne 

radar. Free-running connections are shown, 

but may also be triggered externally.-NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N5-1. 

•  

• 
transistor 04 provides 35-v output pulse with 

base line at ground.- R. Stevens, One-Shot 

Multi Produces Constant Pulse Width, Elec-

tronics, 34:13, p 74-75. 
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[IN 

10K 
CATCHING 
DIODE 

4.75K 
CATCHING 

DIODE 

FD100 

INPUT 

D- C 

.11.71-1-L 
OUT   

2N995 

II 

23.7K 

D2 
FDIC° 

03 
IN429 

23. K 
R2 

03 

2,000pF 

10K 

418V 

*,METAL FILM RESISTORS 

CONSTANT- CURRENT 
CHARGING TRANSISTORS 

LOW IMPEDANCE 
BIAS NETWORK 

*4 4 

C1 C2 

2,000pF 

02 . 
2N1613 2NI613 

V3 

120 

464 

z 

IN429 

-I8V 

V7 * 220 

2,000 to 7,000 cps as d-c input rises from 

0 to 5 v.—R. W. Biddlecomb, Latest Multi-

vibrator Improvement: Linear Voltage-to-

Frequency Converter, Electronics, 36:17, p 

64-65. 

LINEAR VOLTAGE-FREQUENCY CONVERTER— 

Addition of two transistors to conventional 

astable mvbr gives constant-current charg-

ing of cross-coupling capacitors Cl and C2. 

Output frequency then varies linearly from 

..150V 

PRF GENERATOR—Used as repetition rate 

generator in airborne radar. Gives greater 

frequency stability than blocking oscillator 

and greater economy of components than 

Wien-bridge oscillator. — NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N5-1. 

I.34V 
MERCURY 

-- CELL 

AA 

180 

A A A 

68. 

10 
68  

3.9µH 

17 T 

T = 

180 1K 

 SYNC SIGNAL 

10-MC TO MVBR—Uses two 1-ma, 0.01-ohm 

tunnel diodes.— I. A. Lesk, N. Holonyak, Jr., 

and U. S. Davidsohn, The Tunnel Diode— 

Circuitt and A pplicationc, Electronks, 17•48, 

p 60-64. 

MONO DESIGN—Simplified equations are 

given for designing emitter-coupled mono-

stable mvbr. With 20-v supply, component 

values for use with 2N381" transistors to pro-
vide 95-miernce, place wirlth, fuir El - 4 

and E2 7 y are RE 1K, R1.2 = 1,800 

OUTPUT TERMINALS 
I 2 3 4 5 6 7 8 9 10 II 12 

'1?,- I 97-4/:1 It=r11 11''71 1_1 

a 1_ 1 

K2 

1,0001--

EXT 

Kit 

T uo, 

TEST -I 6 V 

RELAY-ONLY MVBR—Consumes power only 

during switching. Can provide bistable, 

monostable, or astable operation at frequen-

cies from a few operations per second to a 

few operations per hour.— R. L. Ives, Multi-

vibrator for Low Frequencies Uses Relays, 
Electronics, 34:32, p 166-169. 

ohms, RL1 3,900 ohms, R1 = 56,000 units, 

R7, 27,000 ohms, and Cl 620 pf.—L. I. 

Kleinberg, Designing Emitter-Coupled Mono-

stable Multivibrators, Electronics, 34:39, p 

86 
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2.7K 46V 

TRIGGER • V 
INPUT 

111- 50pF TT 

+6V 

0.01µF 
IN457 

255248 

Dp 
Rs R OUTPUT 

1N457 
100K 

R5 R1 0-2K3 PULSE 

5.6K s 560 
SENSISTOR SENSISTOR 

TNI 1/4 TC FREE-RUNNING CASCODE MULTIVIBRATOR— 
(TEX. INST.) (TEX. INST.) Output signal at cathode of V1 is nearly 

perfect square wave, either positive or neg-

THERMAL MONO—Accurate pulse periods of power, and time. Used as timer to turn on ative depending on setting of potentiometer. 

15 sec to 2 minutes are produced by ther- plate supply 30 sec after filament supply.— —C. Sing, Advantages of Free-Running Cas-

mal mono using silicon resistor (Sensistor) L. L. Kleinberg, Sensistor Produces Long, Re- code Multivibrators, Electronics, 37:5, p 

whose resistance varies with temperature, liable Pulses, Electronics, 37:31, p 51-52. 28-29. 

-I0V -I0V - 4V - I8V - 10V 

1.25 115.. 25 
OUTPUT 

e 20K 1J1,r soi6e5I 
If 255239 

200pF 
5016 

$1116 2.2K 

(SUPPLY 
VOLTAGE) 

Re 

220 

NONCUTOFF MONOSTABLE—Optimum oper-

ating conditions are achieved by keeping 

amplifiers connected to current sources con-

tinuously. With constant input voltage, 

triggering makes threshold level shift. Diodes 

in feedback loop improve switching speed. 

—H. Inose, Y. Yoshida, and H. Tada, Non-

cutoff Circuits Improve Trigger Switching, 

Electronics, 35:30, p. 36-39. 

••= 

111, 

510 
R4 

• 
10 K 

TUNNEL DIODE GIVES FAST MONO RECOV- nel diode, connected between base and 

ERY—Time delay con be varied continuously emitte of transistor switch, acts as current- Tunnel Diode Multi Recovers Quickly, Elec. 
over 100-to-1 range. Duty cycle is 0.9. Tun- controlled threshold detector.—P. Heffner, tronics, 37:25, p 75-77. 
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R5 
10 K - 
50 K 

C3 
D2 
1N625 0'001 

OUTPUT 

R4 
100K 

-10V 

C2 
0.25 

01 02 
2N404 2N404 

TRANSISTOR DECREASES RESET TIME-Time 
for recharging CI is reduced by factor of 30 

when Q3 is added to conventional astable 

mvbr.-S. A. Bell, Added Transistor Decreases 
Multivibrator Reset Time, Electronics, 37:21, 
p 72-73. 

R3 

39K 

SYNC 
NPUT 
PULSE 

WIDE MARK-SPACE RATIO-Pulse width and 
interpulse period are independently adjust-

able from tenths of microsecond to several 

seconds by varying Cbl-Rb1.-S. Tesic, Pulses 
with Variable Mark-To-Space-Ratio, Electron-
ics, 38:14, p 78-79. 

5-MC MVBR-Constant-current generators QI 
and 02 conduct continuously. Timing capaci-

tor Cl charges through 01 and 04 and dis-
charges in next half period through 02 end 

INPUT 

+500 mV 

o 
ti 

02 
TD-3 

t2 

I1N 

Vo. + 3 VOLTS 

R1 

750 

D3 

TD-3 

V - + 90 MILLIVOLTS 

OUTPUT 

„3.11-11.),_400 m V 

DI 1 t2 
1N3717 

CLOCK PULSES-Tunnel-diode one-shot pro-
duces number of pulses in series, proportional 
to value of Ll and width of input pulse.-
C. A. Budde, Pulse Width Converted to 

Pulse Sequence, Electronics, 38:4, p 86-87. 

03, all in saturated states. Output pulse 
amplitude is 4 y at up to 5 Mc.-V. M. 

Ristic, Simple Multivibrator Operates at 5 
Me, Flectronicc, 38-12, p 86-87. 

TWO-TRANSISTOR CASCODE MULTIVIBRATOR 
-Two capacitors in voltage-divider storage 
circuit control transistors to give choice of 
rectangular or sawtooth waveforms at out-

put of 01, depending on time constants 
CI-R3 and C2-R4.-C. Sing, Advantages of 
Free-Running Cascade Multivibrators, Elec-

tronics, 37:5, p 28-29. 
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PULSE 
SET 

COUNTER 
INPUT 

2 3 
DIRECT • DIRECT 

C3 C4 

TRIGGER 8 VOLTS PEAK TO PEAK 

INPUT j_ 
NOISE-IMMUNE BISTABLE—C2 gives immunity 

to accidental triggering by noise, though 

with some reduction in switching speed. 

When C2 is 0.1 mfd, upper frequency limit 

is 400 cps, and is 100 cps for 0.47 mfd.— 

R. W. Simister, Bistable Multivibrator Immune 

to Noise, Electronics, 39:6, p 97. 

04 

4 

PULSE 
RESET 

+25V 

112500- OHMS 
RELAY 

RIO 
3.6K 

OUTPUT 

OUT 

2N2924 IN 

02 

02 
IN 99 

Di 
IN99 

2.5 

PREFERRED SATURATING BISTABLE—Slow-

speed mvbr may be used as counter, shift 

register, gate, or switch. Provides transitional 

stages between electromechanical readout 

and higher-speed nonsaturating bistable 

counters. Maximum prf is 40 kc, delay time 

is 2 to 5 microsec, and output levels are both 

18 v. 2N333 has been dropped from Pre-

ferred List, but 2N335 can be used if oper-

ating point is adjusted for its higher beta. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 

Semiconductor Device Circuits, PSC 14 (orig-

inally PC 250), p 14-2. 

7%.1 

ALL TRANSISTORS 2N404 

EXTRA TRANSISTOR STABILIZES ONE-SHOT— 

Q1 isolates triggering circuit from timing 

elements R2-C2, making duration of output 

pulse independent of input pulse amplitude 

and reducing minimum triggering voltage 

from 0.25 y to 0.1 v.— J. Kalisz, Isolating 

Transistor Improves One-Shot, Electronics, 

38:25, p 76. 

04 
2N366 

CD 
03 

SV - 906 

E220 

5.1 
1e1. -

47K 

2NI,65 

UNSYMMETRICAL PULSE GENERATOR-2N490 millisec rectangular pulses spaced 250 milli-

unijunction transistor serves as timer and sec apart, for energizing falling- sphere ac- Solid-State Switches, Electronics, 33:38, p 

trigger for flip-flop 01-02, to provide 750- celerometer.—C. H. Price, Jr., High-Current 72-73. 
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INDUCTIVE 
TRIGGER «;_ 

03 

CAPACITIVE TRIGGER 
R, 

200A 

+V2 -V 
=-

SINGLE-TRANSISTOR ONE-SHOT—Requires 

fewer components and gives higher reliabil-

ity.—T. F. Heiting, One-Transistor Single-Shot, 

Electronics, 34:16, p 66. 

SUPPLY 
VOLTAGE 
+12±5% 
VDC 

VOLTAGE 
STABILIZING 
NETWORK 

120 

IN3154A 

39K 

MAGNETICALLY COUPLED MVBR—Nonlinear 

element T in common-emitter lead stabilizes 
against temperature variation to within 0.1% 

MONOSTABLE PULSE FORMER—Output stage 

of driver serves also as first stage of mono-

stable multivibrator, with saving in compo-

nents. Here Q2 is output of Schmitt trigger 

SPIKE 
SUPPRESSION 

680 

3.9K 3.9K 

2N7I7 2N7I7 

CI 
470pF 

(100 PPS) 
OUTPUT 

/\ .---- METALLIC METALLIC OR 
SEMI- CONDUCTOR 
TEMPERATURE 
COMPENSATING 
ELEMENT 

100 

over 150°C range. Output is 100 pps.—M. 

Ingenito, Magnetically Coupled Multivibra-

tors, Electronics, 36:13, p 42-43. 

K X 1,000 OUT 

UNIJUNCTION CONTROL OF MVBR—Transistor 

mvbr trigger for scr inverter is controlled by 

unijunction relaxation oscillator Ql. Square-

wave output of T1 is required for triggering 

some inverter circuits.—D. V. Jones, Turn-Off 

Circuits for Controlled Rectifiers, Electronics, 

33:32, p 52-55. 

and first stage of monostable mvbr Q2-Q1. 

—R. L. Paul and A. S. Ottenstein, Eliminating 

the First State of a Monostable Multivibrator, 

Electronics, 35:36, p 54-55. 

2 
C2 
0.01 

10K 

400 

VI CI 
6J5. 0.01 

 tIF-
R3 
470K 

C4 — 
2 

R4 
470 K 

R2 
10K 

V2 
6J5 

TWO-TRIODE CASCODE MULTI VIBRATOR— 

Two capacitors in voltage-divider storage cir-

cuit control dual-triode multivibrator to pro-

duce linear sawtooth waveform, square 

wove, sine wave, or pulse.—C. Sing, Ad-

vantages of Free-Running Cascade Multivi-

brators, Electronics, 37:5, p 28-29. 

EMITTER-COUPLED MVBR—When Q1 con-

ducts, Q2 is cut off and conversely. Duration 

of both quasi-stable states is controlled by 

Ce. Q2 should saturate when conducting, to 

prevent distortion in flat tops of rectangular 

output pulses.—B. Rakovic, One More Tran-

sistor makes a Linear Sawtooth, Electronics, 

35.49, p 50-51 

-10V 
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-I2V -I2V 

I.3K 
14,,F/20V 

2N404 

10K 

MICROSEC FALL TIME—Fast rise time of as-

table mvbr is used to set and reset bistable 

flip-flop, whose output waveform follows that 

of astable with important exception that 

K X1,000 

CHOKE-CONTROLLED FREE-RUNNING MVBR— 

Small resistors between chokes and ground 

bias transistors initially into active region to 

insure self-starting. Crossover resistors insure 

that chokes recover rapidly.—W. M. Carey, 

Using Inductive Control in Computer Circuits, 
Electronics, 32:38, p 31-33. 

1.3K 

OUTPUT 2 

25404 

I 3K 
14,1/202 

10K 

-122 

25404 

ALL RESISTORS 5%44 
- ALL CAPACITORS 04. 

now both rise and fall times are very fast, 

of the order of few microsec for 5-cps square 

wave.—M. I. Neidich, Astable Multi has Mic-

rosecond Fall, EEE, 11:7, p 28. 

+12V 

Rl 

680 

TRIGGER (RZ) 

2N2369 

DI 

CLEVITE 
CGD 1030 

C 
470 pF 

D 

1N4148 

R2 

4.7K 

RZ TO NRZ ONE-SHOT—Zero recovery time 

of monostable multivibrator arrangement, 

achieved by using energy of input capacitor 

6V 

:R 3 

470 

C2 
10 pF 

 I (  

02 
2N2369 

D3 

1N4148 

+28 

our 

R4 
2K 

RELAY-ONLY MVBR FOR A-C—Use of a-c 

latching relay and rectifier diodes permits 

operation of low-frequency relay-type mvbr 

from a-c source.— R. L. Ives, Multivibrator for 

Low Frequencies Uses Relays, Electronics, 
34:32, p 166-169. 

7-7 

3-KC SCR TRIGGER—Two outputs from mvbr 

give alternating trigger pulses to each recti-

fier. R1 is adjusted for symmetrical opera-

tion.— D. V. Jones, Turn-Off Circuits for Con-

trolled Rectifiers, Electronics, 33:32, p 52-55. 

to recharge timing capacitor C2, makes cir-

cuit useful for converting digital data from 

+5V 

R7 
470 

OUTPUT ( NRZ) 

03 
2N2 369 

return-to-zero format to non-return-to-zero. 

—P. T. Rux, One-Shot Multivibrator with Zero 

Recovery Time, Electronics, 39:2, p 75-76. 
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+15 V IN 

TRIGGER 

IN 

CI 

.001 

R1 

4.7K 

•RC -.-

Re 

56 K 

Di IN6 29 

R 2 

4.7 K 

7=7. 

ULTRA-LONG MONO—Has quiescent power 

drain of zero. Generates step-function gate 

with good leading and trailing edges, and 

provides delayed pulse of either polarity for 

triggering cascaded circuits. Q1 is 2N1442, 

CASCADED ONE-SHOTS GENERATE PULSES IN 

BURST Addition of redundant stages to 

timing portion of conventional monostable 

mvbr permits generating bursts of eleven 

2-kc pulses every 0.1 sec. Used for testing 

decimal counters at high counting rates; each 

burst gives visible one- digit advance in read-

out because of 94.5-millisec time between 

bursts.— J. Gaon, Simple Counter Tester Uses 

Cascaded One-Shots, Electronics, 36:14, p 

40-41. 

6201 

TRIGGER 510 
INPUT 

200e 

240K 

-250V 

200e 

-250V 

PLATE-TO-GRID COUPLED MAIN-GATE MVBR 

—Used in combination search and gun-laying 

radar. Triggered by connecting plate of trig-

ger inverter or switch tube in parallel with 

plate of normally- oft mvbr tube. Provides 

positive unblanking gate for crt. Different 

+12V 

1M 

500 
PF 

IN 
CR 

ALL 68K 

TRANSISTORS 
2NI605 
ALL DIODES 
1N645 -12V 

• 300V 

loK 

ft 

5814 

NORMALLY 
CONDUCTING 

CEP CIRCUIT 

5 

>470K 

.01 

R4 

470 

470 

scr 02 is 2N1595 or 3A31, and ujt Q3 is 
2N489. Values for R3 and C2 give 50-sec 

pulse duration.— Ultra-Long Monostable Mul-

tivibrator, " Electronic Circuit Design Hand-

book," Mactier Pub. Corp., N.Y., 1965, p 66. 

rirev-41 CR 

7SK 

gate lengths are obtained by switching mvbr 

capacitors.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N10.2. 

REPEATED 
TIMING STAGES 

001 Qealo 

PARALLELnUTPUTS 

+1.5V 
OV 

-I.5V 

+4V 
3.91( 

(21 
2N393 

ZEROS ONES 
OUTPUT 3.9K 3.9K OUTPUT 

-I0V -I0V 

3.91< 

SER-
IAL T 

500 

PUTS 

— 

+4V 
3.9K ONES 

INPUT 

FLIP-FLOP FOR DATA REGISTER— Eccles- Jor-

don type circuit uses surface- barrier transis-

tors with saturation biasing. Large registers 

for computers are assembled by using one 

flip-flop per digit.—W. Orvedahl and J. H. 

Shepherd, Designing Data Registers with 

Simple Diode Circuits, Electronics, 36:8, p 

48-50. 
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1K 

2 

1N916 

R6 
200K 

NOISE 

ci 

C, 

2N7C8 

R5 

50K 

R4 

10K 

R2 < 
20K 

go I 
,s3 

1K > 

-Ve 
- 10 

SUPPRESSION— Diode in collector cir-

cuit makes monstable mvbr immune to most 

noise pulses.— B. D. Simmonds, Diode Quiets 

Input to Monostable Multi, Electronics, 38:19, 

p 99-100. 

200, 400, AND 800 PPS PRF GENERATOR— 

Used in airborne radar. Frequency stability 

is 3% for 200 pps and 8% for higher frequen-

cies. One drawback of mvbr here is that 

output impedance equals plate load resis-

tance, which must be relatively high for 

good frequency stability.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube Cir-
cuits, 1963, p N5-1. 

, RI 
750 
20 WATT 

R2 < 
5K 

SCR SWITCHING—Scr's switch 0.75 amp into A 

solenoid load at 20 cps with high reliability, 

simplicity, and low cost. For monostable 

vB 
-I-10 

02 
2N708 

1N916 

>, R3 
' 5K 

I2AT7 

CONDUCTING 

TR tOGER 

CHOKE-CONTROLLED ONE-SHOT— Provides 

output pulses longer in duration than input 

trigger. Can be triggered by either negative 

or positive pulse.—W. M. Carey, Using Induc-

tive Control in Computer Circuits, Electronics, 

32 38, p 31-33. 

300v 

27 

!WEEP CIRCUIT 

UNFIt. ANNiNG GATE 

+150v - 150V 

MAIN-GATE MVBR WITH DIODE LIMITER— 

Diode-connected triode in parallel with out-

put tube plate limits positive swing at this 

point. Circuit is triggered by blocking-oscil-
lator pulse through normally-on tube cath-

ode resistor.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N10-4. 

2 
SCR 
TI 140-A4 

05 

1N2071 

mode, remove supply voltage from B and 

OUTPUT 

J 
SOLENOID LOAD 

ant, Scr Multivibrator Switches 
apply single — 150-v pulse to A.—H. D. Valli- Electronics, 38:5, p 95. 

6v 

Reliably, 
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CONTINUOUSLY VARIABLE PRR—When basic 

mvbr is biased from constant-current source, 

tops of square wave become fiat across col-

lector resistor, and triangular wave across 

capacitor becomes linear. Pulse repetition 

rate then varies directly with magnitude of 

constant biasing current, over range of 5.6 

cps to 2.68 Mc, by using only seven different 

capacitance volees for C (from 330 pf to 100 

mfd).—J. H. Bayne, Jr., and R. J. Haislmaier, 

Improved Multi with Continuously Variable 

Rep Rate, FEE, 13:5, p 44-45. 

V 
-I6V 

3.3K 

02 
2SA401 

•  

SD16 

CONSTANT BIAS CURRENT 
(2.4mo - 4.1mo)  

TRIANGULAR 
WAVE OUT 

TRIM-
RESISTOR 
CURRENT 
CONTROL 

13.5V 

FAST-RECOVERY ONE-SHOT—Dynamic period 

can be varied linearly over range of 20 to 

425 microsec. Retrigger time is only 3 micro-

sec for short periods and 14 microsec for 

longest periods. Circuit is conventional ex-

cept for d-c isolation diode DI and drive re-

sistor R4.— R. S. Hughes, A Linear, Voltage-

Variable One-Shot With Fast Retrigger Time, 

EFE, 13:5, p 78-79. 

etOOK 

24K 

V1 4 +12V 

3.3K 
4 

(1) SD101 

SET 50 pF 
INPUT  

)1 

11- 4" 
2 7pS 

S034 

120K 

•7.." 

RFDUCING RESET POWER LEVEL—Addition of 
a¡,,,j. DI to ,,onven t;,,,,n1 mvhr decreases re-

quired amplitude and duration of reset pulse. 

2SA4 01 

RESET 
INPUT  

V7t11 
1.5pS 

—H. ! nose and T. Tomiyama, Diode 

multi's Reset Power Level, Elertrnnirs 

p 76-77. 

15 VG( 
•  

TRIGGER 
PUL SE 
o  

VARIABLE-POWER ONE-SHOT—Switches load 

currents from few ma to over 1 amp for 

precise time interval ranging from few milli-

sec to one minute. Is excellent solid-state 

substitute for slug relays, dashpots, and 

thermal timers. Several stages can be cas-

caded to form sequence timer. With values 

shown, and RT at 680K, 1-v trigger pulse 

Lowers initiates 1- sec on period.-1. C. Rich and 

39:13, R. D. Turner, Variable Time, Power One-Shot 

Multivibrntnr. EFE. 12:7, p 25-26. 
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r 
1 78ei j,,, 
1 OUTPUT 

L 
TRANSISTORS: 

NPN.2N3646 
RNP•2N3640 lOO 390 0.10 
DIODE DielN3064 

CI•2500of to, 
iy4 MHZ 

5.2v — 7 

470 
NEGATIVE 
LOGIC 

OUTPUT 
04 

CURRENT-
5 MODE 

LOGIC 

2K 

5.2V 

." 
•Anr 

—5.2V 

r.5 

1.5K 

OUTPUT 

OUTPUT 

2W635 

+eSV 

EMITTER-COUPLED ASTABLE LOGIC DRIVER— 

Self- starting design gives good frequency 

stability along with high-speed saturated 

positive and/or negative outputs. Current-

mode logic output is optional, being obtained 

when circuit 03-04 in dashed box is re-
placed by circuit of 05. Cl determines 

operating frequency in range from 50 cps to 

8.5 Mc.—D. R. Hoppe, Emitter-Coupled As-

table With Saturated Output, EEE, 14:7, p 

106. 

WIDE-RANGE MONO—Adding one transistor range 150 times.—G. Marosi, Wide Range 
(06) to linear one-shot increases frequency Monostable Multivibrator, EEE, 13:9, p 76. 

VERT 
SYNC 
INPUT 

VIDEO 
PULSE 
INPUT 

1820 

PF 

39I( e 

30K 

TRANSISTORIZED FREE-RUNNING CASCODE 

MULTIVIBRATOR—Output waveform can be 

rectangular or sawtooth, with polarity de-

pending on setting of potentiometer—C. 

Sing, Advantages of Free-Running Cascade 

Multivibrators, Electronics, 37:5, p 28-29. 

24K 100pF 

10K 

INI26A 
bf  

,00 PF 24K 

I 0 r" 

1\126A 
+4  

02 IN457 03 
2N396 2N396 121 2%396 

0.001 

; 5.1K 

200 

Y - POSITION 
DET 

:3K 

0 00 , 

5.1K 

04 
2N396 

820 PF 

6.814 

05 

2N 3964 

16K 

39K 

10K 

06 

2N1305 

2.4K 

NULL SET 

Q, 
NI V.)4 

CI 

•  

120K 

02 

— 10 

09 

2NI 304 

08 

2N1305 

-25V 
I 5V 

Y-POSITION DETECTOR FOR MISSILE TRACKER of flip-flop output pulse, related to target Poppelbaum, TV Camera Tracker: Can it De-

-Flip-flop 02-03 is triggered by processed position, is integrated by 06-07 and am- tect Missile Decoys? Electronics, 36:17, p 

video pulse fed through 01 and by delayed plified by 08-09 to give d-c output voltage 51-55. 

vertical sync pulse fed through 04. Width proportional to Y-position of target.—T. L. 
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ADJUSTABLE-DUTY-CYCLE MONO—When ra-

tio of pulse width to pulse spacing exceeds 

value set by R12, width of output pulse is 

automatically reduced to maintain duty cycle 

at preset maximum. Used as pulse driver for 

high-power amplifier when duty cycle must 

be limited to prevent overheating. If duty 

cycle is set for 50% and frequency is in-

creased, output will be square wave for all 

frequencies up to maximum frequency limit 

for circuit. R9 adjusts output pulse width 

from 0.7 to 7 microsec.—D. N. Lee, Mono-

stable Multi With Adjustable Duty Cycle, EEE, 

13:9, p 92-94. 

INPUT 

«"Vir 

NOTES: 

I. ALL TRANSISTORS 252368 
2. ALL DIODES 15914 

3. ALL RESISTORS + W, 5  

1K 

50-KC FREE-RUNNING MVBR—Uses 2N1304 

transistors having base-emitter breakdown 

of —25 v, making emitter diodes unneces- 2N1304 

vary—Texas Instruments Inc., "Transistor Cir-

cuit Design," McGraw-Hill, N.Y., 1963, p 380. 

+15v 

ULTRA-LONG MONO—For applications hav-
ing only light loading. If required to drive 

heavy loads, standby efficiency is reduced, 

and C3 must be so large that circuit could 

be accidentally turned off by negative supply 

bus transients.—J. C. SchaefFert and N. F. 
Goldman. Improved Ultra-Long Monostable 

Multivibrator, EEE, 12:12, p 57-58. 

NEG. POS 

ir.5v E 
OUTPUT 

2 .4.5r 

-25v 

1 K 

2N1304 

THERMISTOR COMPENSATED ONE-SHOT— 

Negative-temperature-coefficient thermistor in 

pulse width determining network keeps pulse 

width of mvbr constant within 0.6% over 

range of 25°C. Basic period with values 

shown is 357 microsec, increasing to 359 

microsec at temperature extremes.—B. Hedin, 

Temperature-Compensated One-Shot, EEE, 

12:5, p 75. 

RI 
47 

+12 Vc1c 

2N711EI 

6 
1000 

Q2 
TRIGGER 2N706 
INPUT CR, 

F D-100 

FAST-RECOVERY ONE-SHOT—Pulse width can 

be varied from 0.1 microsec to 10 millisec 

in decade ranges by changing timing capaci-

tors. Used in commercial radar range unit 

and in pulse analyzer.—J. Rogers, Fast-Re-

covery One-Shot Multi Gives 10:1 Width Con-

trol, EEE, 14.4, p 44-45. 

• 5v OUTPUT 
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TRIGGER 

INPUT 

TRIGGER 

2C 51 

100K 

20K 

( / GATE 

I2AU7 I2AU7 

2e 

-I52V -152V 

152V 

75 

75 

751( 

SWEEP CIRCUIT 

GAT 

NORMALLY 
CONDUCTING 

CATHODE-COUPLED MAIN-GATE MVBR-Pos-

itive gate is d-c coupled from plate of nor-

mally-on tube to cathode follower whose 

cathode resistor is common with diode clamp 

of main-gate mvbr. Negative gate for un-

blanking is taken from plate that is a-c 

coupled to opposite grid of mvbr.-NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N10-2. 

Ce 
1200« 

78 

006 
o, 

21117 

0 560 

3558 

LONG-PULSE MONO-Advantages are high 

current gain, long pulse width with relatively 

small timing capacitance, and low dissipation 

when off. Pulse width is 11 sec. Drives 19.6K 

load -J. M. Meuer, High-Gain, Long-Pulse 

Monostable, EEE, 14.4, p 41. 

FROM 
TESTER 

FROM 
LIMIT — 

DETECTORS 

ERROR 1 
—= 

OvOFF 
SINGLE-SHOT FOR SHMOO PLOTTER-Used for 

automatic testing of computer memories un-

der marginal drive currents. Error in memory 

04) rOuT 

TO +12 V 
E XC LUS IVE 
OR   

SWEEP CIRCUIT Et 
SWEEP DRIVER 
LAM GAT 

NORMALLY 
CONDUCTING 

DOUBLE-COUPLED MAIN-GATE MVBR-Uses 

both cathode and plate-to-grid coupling, 

with gate length changed by switching of 
potentiometers. Used in radar to provide 

gate during which display sweep is gen-

erated, along with gates for waveforms that 

must be coincident with display sweep.-NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N10-3. 

C, 
TRIGGER .091 
PULSE 4—I 

IN 4V MIN 
252907 

RELAY COIL 
DC RESISTANCE - 2850 

t, . 20 n sec 4.120n sec 

20 VDC 1 h 

TON 

R6 02 COLLECTOR WAVEFORM 

<<DUTY CYCLE 

POWER ONE-SHOT-Complementary-symme-

try one-shot supplies 1.4 w for 0.1 sec to 

relay coil on very low duty cycle, without 

drawing standby power. Used to discharge 

large 10-kv capacitor.- W. P. Mitchell, Power 

One-Shot, EEE, 13:6, p 68. 

-12 V 
causes monostable mvbr to generate pulse 

half as long as complete pass through stor-

age, to make system track along error 

TO 
[INTEGRATOR 

boundry. Npn transistors are 2N706 and the 

diode is 1N921.-J. E. Gersbach, The Great 

Shmoo Plot: Testing Memories Automatically, 
Electronics, 39:15, p 127-134. 
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INPUT 

(4V PULSE 

)10nsoc lo 

HIGH-POWER ASTABLE—Simple astable cir-

cuit design eliminates external trigger, min-

imizing number of components. Voltage di-

viders R1 and R2 provide gate voltage for 

scr's. Both dividers start charging associated 

capacitors C2 until one scr breaks down, ini-

tiating oscillation. Used in converter power 

supplies.—W. B. McCartney and E. O. Uhrig, 

Astable High Power Multivibrator, EEE, 10:12, 

p 30-31. 

+12VDC 

OUTPUT 

D3 

+5VDC 

alpf 

100VDC 

DI,D2.D3=FD-100 

FAST-TURNOFF MONO—Has long delay time 

along with fast rise and fall times (each 30 
nsec). Pulse amplitude is clamped at 5 v.— 

Fast Turnoff Monostable Multivibrator, "Elec-

tronic Circuit Design Handbook," Mactier Pub. 

Corp., N.Y., 1965, p 69. 

2N526 2N526 

QI Q2 

1,200:1 PULSE-WIDTH MONO—Output pulse 

width at collector of Q2 can be varied from 

0.5 to 300 millisec. With suitable trigger, 

serves as one-shot for variety of uses.—Wide 
Range Variable Multivibrator, "Electronic 

Circait Design Handbook," Mactier Pub. 

Corp., N.Y., 1965, p 110. 

-40V — 

-20V-nr 

VOLTAGE ACROSS LOAD 

C2 
pf 

-20V Infil 
VOLTAGE ACROSS CAPACITOR CI 

-0 

P 1" 

-1--

IMPROVED TRIGGERING OF MONO—Addition 
of three diodes and one resistor to conven-

tional monstable mvbr permits increasing 

value of timing resistor Rt without making 

circuit susceptible to false triggering.—H. 

Cohen, Eliminating False Triggering in Mono-
stable Multis, EEE, 14:8, p 168. 

100 CPS TO 1 MC ASTABLE- Givez frequency 
change of 10,000 with reasonably good lin-

earity over most of operating ronge. Two 

parts of timing cycle can be varied inde-

pendently over wide range.—W. J. Mattox, 
A Versatile, Very-Wide Range Multivibrator, 

EEE, 13.7, p 59-61. 
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1 CPS-250 KC ASTABLE MVBR—Used as free-

running oscillator for generating square 

waves and timing frequencies, and for fre-

quency division. Synchronizing pulses permit 

V„ 
+12V 

VOLTAGE CONTROL OF ASTABLE MVBR—Ad-
dition of two transistors to basic astable 
mvbr gives voltage-controlled constant-duty-

cycle variable-frequency operation. Frequency 

range is 210 cps to 210 kc, ratio of 1,000 to 

120:1 FREQUENCY-RANGE ASTABLE—Modified 

astable has frequency change of 5 to 600 

millisec at 50% duty cycle, with symmetry 
variable by 97.5%. Can be used as pattern 

source for generating keyed d-c or keyed 

12V 

generation of subharmonics. Sync pulse amp-

litude must exceed + 1.5 y with rise time less 

than 1 microsec.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, p 201. 

1, with less than 5% departure from linearity 

with change in control voltage.—W. J. Mat-

tox, A Versatile, Very-Wide Range Multivi-
brator, EEE, 13:7, p 59-61. 

INPUT 

tone signals for testing digital communica-

tions and data processing equipment.—Wide 

Range Variable Multivibrator, "Electronic Cir-

cuit Design Handbook," Mactier Pub. Corp., 
N.Y., 1965, p 109. 

VI 

+ 20V 

47O 2 

V82 

5E35 

VE 

400-CPS UJT MVBR—Off time is determined 

primarily by RI, and on time primarily by 

R2. Frequency is inversely proportional to 

size of capacitor.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, p 
340. 

SIG 
OUT 

GROUND 
UJT MVBR—Unijunction transistor serves as 

multivibrator, with Q2 amplifying its output 

and providing isolation from load.—F. W. 

Kear, Unijunction Transistor Pulse-Circuit De-

sign, Electronics, 35:21, p 58-60. 

TRANSIENT-IMMUNE MONO—Diode in series 

with cutoff collector load of QI provides pro-
tection against undesirable triggering by 

power supply transients.—W. B. Smith, Jr., 
Transient-Protection of Monostable Multivi-
brators, EEE, 11:3, p 38-39. 

2.2K 

<> 
<> 

t oo  

+ I8V 

I.5K 

eon 

3900 

600-MICROSEC OUTPUT-PULSE MONO—Similar 

to flip-flop except that one cross-coupling 

network permits a-c coupling only. Flip-flop 

can therefore remain in its unstable state 

only until reactive components discharge. Use 

of inductor in place of capacitor for timing 

gives much better pulse width stability at 

high temperatures. Operating range is —55 

to 71 °C.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 201. 
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DOUBLE-COUPLED MAIN-GATE MVBR—Uses 

both cathode and plate-to- grid coupling, with 

gate length changed by switching of poten-

tiometers. Differentiated negative gate from 

delay mvbr is applied as trigger to grid of 

normally conducting tube if undelayed range 

sweep is desired, or to grid of normally-off 

tube when delayed sweep is used.—NBS, 

"Handbook Preferred Circuits Navy Aeron-

autical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N10-3. 

SYNCHRONIZED ASTABLE MAIN-GATE MVBR 

—Used in combination search and gun-laying 

radar. Different gate lengths are obtained 

by switching capacitors. Provides positive un-

blanking gate.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N10-4. 

I2AU7 

TRIGGER 470 

° INPUT 

100K 

22 68K 

-105V 

300V 

82K 

18 

8K 

l2AU7 

820 

220K 22K 

o 

18 

IM 18K 

I8K 

SHUTOFF o 

_n_ PULSE 
SWEEP CIRCUIT 

GATE ° 

NORMALLY 
CONDUCTING 

l2AU7 

UNFIL ANKINGe 

GATE 

22K 68K 

22K 33 

CATHODE-FOLLOWER COUPLING FOR MAIN-

GATE MVBR—Triode cathode-followers pro-

vide coupling from plate to grid of radar 

main-gate mvbr. Provides positive unblank-

ing gate.—NBS, "Handbook Preferred Cir-

cuit. Navy Aeronautical Electronic Equip-

ment," Vol. 1, Elect..., Tube Ciraiits. 1963, 

p N10-2. 

IB 

NORMALLY 
CONDUCTING 

y5600 

5600 '00 5606 

ze20 

TRIGGER 
INPUT 

120M 

2NI7 1 1 
NPN 

22M 

220 
lJljf 

220 

pp f 

150K 

50V 

5977 

120M 

OUTPUT 

0.01-MICROWATT 40-CPS MVBR—Both npn 

and pnp transistors conduct at same time 

for part of cycle, and both are cut off for re-

mainder of cycle, so average power con-

sumed is much less than when one transis-

tor always conducts. Frequency is 40 cps. 

With 0.6-v supply furnishing 0.015 microamp, 

total power consumption is 0.009 microwatt. 

—W. G. Shepard, A 0.01 Microwatt Multi-

vibrator, EEE, 108, p 29. 

-I2V 

I 8K 

OUTPUT 

2N396A 

250-KC MONO—When triggered by input 

pulse up to 5 v, switches to unstable state 

and remc-ins for predetermined time before 

returning to original stuble state. Used for 

standardizing random-width pulses and gen-

erating time-delayed pulses. Output pulse 

duration range is 2 microsec to 1 sec. Maxi-

mum input frequency is 250 kc.—"Transistor 

Manual," Seventh Edition, General Electric 

Cu., 1961, p ? ni 
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) 

- U -

TRIGGER 

INPUT 

SPEEDING ONE-SHOT RECOVERY—Additional 

transistor 03 reduces charging time of timing 

capacitor, thereby increasing duty cycle. 

With values shown, circuit provides 10-micro-

sec pulses with recovery time of 0.25 micro-

sec, corresponding to repetition rate of almost 

100,000 pps and 97.5% duty cycle.—W. A. 

Ross, Added Transistor Reduces One-Shot Re-

covery Time, EEE, 12:4, p 60. 

TRIGGER 47° 

NPUT 

100A 

221( 681( 

-105v 

PLATE-TO-GRID COUPLED MAIN-GATE MVBR 

—Triggered by connecting plate of trigger 

inverter or switch tube in parallel with plate 

of normally-off mvbr tube. Unblanking gate 
is generated at mvbr as negative output. 

Used in radar to provide gate during which 

RI 

>100K 

DELAY 

ADJ 

:1K 

6.8K 

68K 

FAST-RECOVERY HYBRID ONE-SHOT— Im-

proved configuration provides wide timing 

range, good timing stability, and clean wave-

forms over extremely wide range of duty 

cycles. Can be retriggered immediately after 

completion of timing cycle without loss in 

overall timing accuracy.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 
p 346. 

BISTABLE INDICATOR LAMP DRIVER—Permits 

controlling lamp with short trigger pulses, for 

control panel of computer. Negative 2-v trig-

ger at A turns on lamp, which then remains 

on due to regenerative feedback in circuit. 

300v 

3311 

33. 

SWEEP CIRCulT 

DATE 

5H50 OFF 

PULSE 

I2AU7 

NORMALLY 
CONDUCT NG 

display sweep is generated, together with 

gates for generating waveforms that must be 

coincident with display sweep.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N10-2. 

24V±20% 

Positive pulse at A turns out lamp. Use of 

complementary-type transistors minimizes 

standby power when lamp is out.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 202. 

+V 

IMPROVED ULTRA-LONG MONO—Elimination 

of reset transistor and coupling diode makes 
circuit insensitive to supply bus transients, 

cuts standby current to essentially zero, and 

improves efficiency under heavy loading. 

Will handle loads above 150 ma.—J. C. 

Schaeffert and N. F. Goldman, Improved 

Ultra-Long Monostable Multivibrator, EFE, 

12.12, p 57-58. 
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I2K 

-u- 330K I2AU7 330K -FL 

SOK 

TRIGGER. 
330K SHUTOFF PULSE 

IWO 

BISTABLE MAIN-GATE MVBR—Provides posi-
tive unblanIcing gate. Used in radar to pro-

vide gates during which displayed sweep is 

generated, along with gates for waveforms 

that must be coincident with display sweep, 

12A117 

TRIGGER 470 

IMPUTA 

100N 

IDK 

I2AU7 

68K 33K ION 

I2AU7 

+ 300V 

47K 

UNEILANKIN 
A E 

+250V 

UNEILANKING 
GATE 

'"S'pretiY CONDUCTING 
SWEEP CIRCUIT 

GATE 

but monostable mvbr is generally preferred 

for this application.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N10-3. 

NORMALLY -CONDUCTING 

SWEEP CIRCUIT 

GATE 

CATHODE-COUPLED MAIN-GATE MVBR—Pro-

vides positive unblanking gate. Used in 

radar to provide gate during which display 

sweep is generated. Capacitor switching 

provides choice of gate lengths.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N10-2. 

TUNNEL-DIODE MONOSTABLE—Used as pulse-

controlled oscillator. Power consumption is 

very low. —"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 366. 

NORMALLY 
CONDUCTING 

UN8LANKING 

4.1 TRIGGER 

JIL 

.11,0- 30+ a-

JL 

UJT BISTABLE WITH DIODE DECOUPLING— 

Needs only small negative trigger at X for 

turnoff.—T. P. Sylvan, Bistable Circuits Using 

Unijunction Transistors, Electronics, 31:51, p 

89-91. 

HIGH-POWER ONE-SHOT—Operates from ran-

dom-amplitude ( 10 to 28 v) square-wave 

input having 1 to 6.5 sec random duration, 

and switches 20-w load for adjustable period 

of 5 to 200 millisec. Can easily be adapted 

for transient detection, pulse-width adjust-

ment, and time delays.—G. T. Pennell, High-

Power One-Shot Multi, FEE, 12:9, p 62. 

2°°g 9.1UT OFF 

PULSE. 

TRIGGER 
2200 INPUT 

MAIN-GATE MVBR WITH TRIODE LIMITER— 

Triode connected to grid of normally-on tube 

limits swing of voltage. Plate of shutoff 

tube is tied to point in d-c coupling network 

between plate and grid, to give greater flex-

+300V 

20K 

OK 

EEP CIRCUIT 

GATE 

6200 

-to5,0 

ibility in setting plate voltage level of shut-

off tube.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p 

N10-5. 
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inPUT PULSE 
-18,410,.sec 

-1-r F0100 

0, 

-20V 

MONO WITH NEGATIVE RECOVERY TIME— 

Will respond to input pulses occurring even 

before end of output pulse, which in effect 

gives negative recovery time. If circuit be-

gins normal 1,000-microsec cycle and another 

trigger pulse arrives in 500 microsec, output 

pulse will last 1,500 microsec, or 500 micro-

sec longer than usual. In other words, out-

+20 

V82 

VE 

Vc 

TRANSISTOR-UJT MVBR—Uses low-cost 7A35 

silicon mesa transistor.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, p 

341. 

OUTPUT PULSE 
1,000,sec, ISV 

put pulse continues for 100 microsec after 

last trigger pulse. Input pulses should be of 

standardized voltage and long enough to 

discharge 0.01-mfd capacitor.—Monostable 

Circuit with Negative Recovery Time, " Elec-

tronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 72. 

()I 

MULTIVIBRATOR-CONTROLLED RELAY—Con-

trol signal is used to trigger mvbr that op-

erates relay when input signal is greater 

than predetermined level (about 10 mv), and 

* 02 , 03 v,(0 8v 

IMPROVED ONE-SHOT—Improvement of basic 
circuit uses less power and fewer components, 

while providing higher timing accuracy.— 

T. G. Ellestad, Improved One-Shot Output 

Circuits, EEE, 13:8, p 67. 

3.3N 

DI 

V2 
+25V 

VI 

+I2V 
2 

V‘ 2N493 

— — — 

T.-
UJT BISTABLE WITH CLAMP—Clamping diod• 

holds •mitter voltage below peak-point volt-

age. When negative trigger at base B2 turns 

on transistor, D2 is back-biased and RI be-

comes emitter load. Operation is stable if 

capacitance between emitter and base BI is 

kept below critical value.— T. P. Sylvan, Bis-

table Circuits Using Unijunction Transistors, 

Electronics, 31:51, p 89-91. 

47 

releases relay immediately when signal falls 

below this level.— G. B. Miller, Multivibrator 

Operates Relay, Electronics, 31:49, p 106-

112. 

BISTABLE TD-TRANSISTOR—Fast switching 

speed of tunnel diode contributes to output 

waveform.—"Transistor Manual," Seventh Ed-

ition, General Electric Co., 1964, p 367. 

6.8K 'tit, 
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Noise Circuits 

50 K 

10K 

10 yf 

- 30v 

TI 

2N1303 

10 K 

100 

;If 

TI 0.2 ,uf 

2N 1303 

200 K 

10 pf 

Calibrate 

100 

62 K 19.047 ¿if Calibrate for 1 mv 
Place transistor in socket 

0.005 bi.f 0.005 i.tf apply bias 

h f„ = V (in mv) 

L Burnell AF 87 10 h choke 24 K 24 K 

Test 

transistor 

To H-P 
400H 

VTVM 

ing greatest effect on transistor noise figure. 

1-KC NOISE FIGURE TEST SET—Used in short-circuit forward current transfer ratio —Texas Instruments Inc., "Transistor Circuit 

measuring low-frequency common-emitter Ii-feo, which is one of the parameters hoy- Design," McGraw-Hill, N.Y., 1963, p 304. 

500 KC 
AMPLIFIER 

2N697 

470 0;01 
500 KC 

INPUT 4700 
FROM 
I - F 

LIMITER AM 

DETECTOR 

CR1 0.01 CP2 T2 IN270 

175'0'0 

510pr 

56K I:5-01-3 

C3 2N697 

470 

8,200 a 
MODIFIED SCHMITT TRIGGER CIRCUIT , 

NOISE 
AMPLIFIER 

2N697 

TO DIODE SIGNAL 

22K GATE, ETC. 

0.005 10K 

1" 

NOISE 
DETECTOR 

DETECTOR OUTPUT 
TEST POINT 

2N697 

20V D-C 
35MA 
1 

1N1358A ≥ 82 

27.5 V DC 
95 MA 

FAIL-SAFE COMMUNICATIONS SQUELCH CIR-

CUIT—Circuit adjusts automatically to chang-

ing noise levels in point-to-point vhf and uhf 

receivers while suppressing noise when no 

zarlicr O present, but stays open when re-

ceiver gain is below threshold level of 0.7 

microvolt over range of 108.95 to 135.95 

Mc. Schmitt trigger gives fast turn-on and 

turn-off of receiver audio output at prede-

termined carrier-to- noise ratios.— H. G. Mi-

chael, Fail-Safe Squelch Circuit Adapts to 

Changing Noise Levels, Electronics, 36:1, p 

88-91. 
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IV I KC 
REF 
SIG 

SIG + 
NOISE 

CAL S MEAS N 
CAL7_N), FTÁEAS S 

VIA 

- 5814 A 
2 

POLARITY 

2,500P F 

600 V2 001 
1M = 5751 

DETECTION IN NOISE-Time derivatives of 

noise-contaminated input signals control 
electronic switches which control sampling 

and holding unit. In mode for detection, 

signal is sampled at its peaks and troughs. 

In mode for backbone detection, involving 

additive noise, signal is sampled at its in-

flection points.-N. D. Diamantides, Nonlinear 

Filter Detects Envelope or Backbone, Elec-

tronics, 35:18, p 52-54. 

DRIVER LOGARITHMIC AMPLIFIER NOISE AMPLIFIER n 

FROM 
NOISE 
AMP I 

7.5K 7.54 

0.01 I,. 0.01 
J_ _L 

5654 

220 ki.µ F 

100K 100K 

22 K 11 K 

+150 V 
AGC LINE 

HIGH 

COARSE 
NOISE AMP 
LEVEL SET 

K. X 1,000 

+225 
15,000pF 

r- - 
10K 10K 

100K 15K 

2 H...F 

ZERO SET 

12.28 

IC 

NOISE CORRELATOR-Requires two inputs, 

reference signal derived from modulating 

source and signal-pulse-noise input from re-

ceiver under test. Signal and noise com-

ponents can then be measured separately. 

-B. T. Newman, Evaluating Radio Receiver 

Susceptibility to Interference, Electronics, 34:15, 

p 70-74. 

1MEG 
-200V —MA--

2MEG 

TO RECORDER 
DRIVE   

22 K 

+250V 

NOISE RECTIFIER 

0.022 

0.022 

7.5 K 

6AL5 
D - C 

CONTROL 
VOLTAGE 

TO COMBINING 
CIRCUITS 

K = X1,000 

OUT-OF-BASEBAND NOISE AMPLIFIER-Pro- biner of i-f amplifier in troposcatter f-m re- Crystal Converter for Tropo-Scatter Receivers, 

vides transfer function that is essentially logo- ceiver. Amplifier control range extends 40 db Electronics, 31:15, p 78-82. 

rithmic, with slope of 5 to 7 db per octave, to above threshold. Signal-noise ratio of high-

serve as bias voltage for differential corn- est baseband channel is 70 db.-P. Gruber, 
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100V 

Rio Y21/212A111 

82K 

SCIICHING 
SIGNAL 

82K 

TRIODE VARIABLE-RESISTANCE THRESHOLD 

CONTROL SWITCH— Passes only signals above 

predetermined positive and negative thresh-

old value, for suppression of audio back-

ground noise. When V2 is cut off, threshold 

is at highest value, corresponding to off 

position of switch. With V2 conducting, 

threshold will be low and practically all 

signals appear unclipped at output, corres-

ponding to on position of switch. Provides 

stable, nontransient switching, independent 

of changes in tube characteristics.—W. E. 

Earle, A-C Threshold Converts to Switch, 

Electronics, 31:1, p 96-99. 

Input 

0.001 pf 

Emitter 

current 

adjust 

IVEE 

1 K 7--

,F74 -

1.5 - 10pf 

200-MC TRANSISTOR NOISE FIGURE MEAS-

UREMENT—Input is fed by Hewlett-Packard 

343A noise source. Output goes to 342A 
10 K noise figure meter through 3- stage transistor 

post- amplifier. Input and output of test jig 

are tunable for best noise figure.—Texas In-

struments Inc., " Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 344. 

+16.5 V + 22.5V + 16.5V +16,5V 

+3V +22.5V 
10 

A C 
SIG IN 

D- C 
20e 

LEVEL 
OUTPUT 

(VI 100K 

-6V + 6V 
LEVEL CONTROL 

(V1 

DIOOES- TYPE 114100 

+22.5V 

-3V + 3V 
WIDTH CONTROL 

(.5 V/2) 

TRANSISTORS- TYPE 2 N3 6 6 

+6V + 16.5V 

INTEGRATOR 
OUT 

('X 1,000 

0.001 

lgc Amp 

QI 

fc 

rfc 
1 

I- 13p1 

\ I% 
1 N82A _de rfr 

1Dpf 

r 

250pf 

111-11-4,--V/ 77./m/J--\-111 

5-5pf 

C)1 - RF AMP 2N2999 

Q2 - OSC. - 2N2999 

• 

1.2gc .5-5pf 

OSC 

02 

.001 

5.1-0 
1.2K 

470 

0.001 pf 

Output 

0.001 pf 

v ICC 

AMPLITUDE PROBABILITY DENSITY FUNC-

TION—Width of output pulse is propor-

tional to time that input signal is between 

specified voltage levels. Used in statistical 

measurements of signals and noise.— B. M. 

Rosenheck, Detecting Signals By Polarity 

Coincidence, Electronics, 33:5, p 67-69. 

200 mc if 

TANK 

  200 mc 

(i) OUTPUT 

el-- DIODE 

CURRENT CHECK 

(0.5 ma) 

1,000 MC TO 200 MC CONVERTER—Used in 

measuring transistor noise figure Cif 1,000 Mc. 

Oscillator of converter operates at 1,200 Mc. 

Converter has gain of 10 db and 5 db noise 
figure.—Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 

p 349. 
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CKT Range of lc CA 112 

24K 

RE, CEI 

1K 220gf 

LOW-NOISE AMPLIFIER DESIGN—Article gives 

design procedure based on use of contour 

maps for 2N2524 at 100 cps, 1 kc, and 10 

kc. Goal of design is to confine overall am-

plifier noise to that of transistor in first 
stage. Component values are given for three 

different low-noise amplifiers, each operat-
ing in a different range of collector current. 

—J. W. Baker, Jr., Designing Low Noise 

Amplifiers from Noise-Figure Contours, EEE, 

11:10, p 56-59. 

RI 

*1 50ga-500ga we 130K 3K 

RA RA RL2 Re2 R52 CE2 CR RE  

7.5K 820K 24K 300 56K 25,af 4.7gf 5.1K 

*2 loga—looga .47gf 1.5M 240K 30K 10K 22gf 75K 6.2M 220K 3K 560K 5gf .330 43K 

*3 0.24— 204 .22µf 12M 2.4M 100K 100K 2.2af 620K 10M 470K 6.2K 1.5M 2gf . 1gf 390K 

SQUELCH-ACTUATED MOBILE REPEATER—Thy-
ratrons serve as rectifiers in transmitter 
power supply to avoid repeater malfunc-

tions caused by relays. When incoming 

signal opens receiver squelch, thyratrons 

conduct and provide d-c power for trans-

mitter. Under standby conditions, flip-flop 

keeps thyratrons nonconducting. When re-

laxation oscillator is activated by squelch 

tube voltages, flip-flop reverses and applies 

pulses to thyratrons to make them conduct. 

This prevents transmitter from being activated 

by receiver failure.—L. G. Sands, Design 

Trends in Mobile Radio Repeaters, Electronics, 

32:47, p 82-84. 

of 28 over frequency range, for frequency. 

dependent noise measurements. Gain is 

about 5, and maximum output is about 5 

CONSTANT Q FROM 1 CPS TO 10 KC—Sym-

metrical parallel-T R-C rejection filter in 

negative feedback loop of amplifier gives Q 

117V 
A-C 

470 

FROM 
REC 

SQUELCH 

10 10 20 20 
2050 I. 

IN34A 

CONTROL 

TRANS- I 4% 
2050 MITTER B+ 147K , 

10 MEG: 

I 
" MEG: 

;47K 

NE-2 NE-2 NE-2 

NE-2 NE-2 NE-2 

560K 

RECTIFIER RECTIFIER CONTROL 
'I- ISO 

I2AX7 

CLAMP 

SQUELCH ACTU▪ ATED KEYER 

100K 100K 

220 

I2AX 7 

56K 

FLIP-FL- OP 

D- C 
LIMITER 
VOLTAGE 

56K 

+45V 
1K 

28-32V 
ZENER 

ALL 
TRANSISTORS 
2NI420 

+13V 

rms.—R. E. Hobson and L. Colcagno, Narrow 

Pass-Band Amplifier with Parallel-T Network, 

Electronics, 34:33, p 68. 
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NOISE "HEAD" 

5722 
3Ak 51 1 

1--e 
001 51 

25 TO 450 MC NOISE GENERATOR—Uses figure measurements of communications re-

conventional noise diode in shielded head. ceivers.—H. Olson and H. Howard, Noise Figure 

Transistor series regulator with saner diode Measurement Fundamentals, Electronic Tech. 

improves performance when making noise nician, November 1965, p 63-66 and 108. 

NOISE GENERATOR ELEVATION CHANNEL 

604 

VII 

1 MEG 

470K 

56K 

.r) 
O CATH 

FOLL 

0.01 

6BH6 SBH6 
VI V2 

470K 820 

820 

S
 A
D
J
U
S
T
 

470K 

5IK 
PEAK 

I2AU7 DET 

K X1,000 

I2K 

1 MEG 

120K 

10 K : 

8 

0.5 

ME 

2 

9.1 K 

0.1 

43K 

CATH FOLL 
  12 AU7 

V4 

e 470K — 
NOISE 

.c GAIN 

DC BAL 

+235V 

2.2 K 

50K 

22K 

ELEVATION 

ERROR TO 

TO CATHODE FOLLOWER SIGNAL ELEVATION 

NPUT OF AZIMUTH CHANNEL I METER 

F
R
O
M
 
D
-
C
 B
R
I
D
G
E
 O
U
T
P
U
T
 

40 

RANDOM-NOISE GENERATOR—Uses thyra- +235V —250V 

tron in magnetic field as basic noise source, 

to provide azimuth and elevation drive sig-

nals for missile radar that simulate actual pensive test drones in evaluating missile tor Tests Beam-Rider 

tracking conditions. Eliminates need for ex- performance,—C. E. Hendrix, Target Simula- 31:5, p 32-35. 

— TO ELEVATION 

PRECISION 

POTENTIOMETER 

TO IDENTICAL 

AZIMUTH NOISE GENERATOR 

TO 

ELEVATION 

METER 

Missiles, Electronics, 
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5670 

TO A GC 

rOLTAGE 

Z = son 
INPUT 

Johnson 

189- 6* 

1.8-13 

1.5 

4 

BNC 

1 

* or equivalent 

LI = 31 # 18 bus 1/2 diam 

L2 L6 = Delavan 1537-16 or Equiv. 

L3,4 = 31 # 18 bus, 3/8 diam 

L5 = 21 # 18 bus, 3/8 diam 

2N2415 or 16 

1000 pf 

5600 

5.1 k 

20 y 

L3 

5.1 k 

2N2415 or 16 

200-MC POST-AMPLIFIER FOR NOISE FIGURE 

METER—Cascaded common-base connection of 

germanium mesa transistors gives power 

gain of 40 db, bandwidth of 25 MC, and 

a noise figure of 3 db. Used between test 

A-F AMPLIFIER WITH SQUELCH—Used to make 

first audio stage inoperative during no-signal 

condition in communication receiver.—NBS, 

2N241 or 16 

W. 

5.1 k 

OUTPUT 

Z = 50 

BNC 

1.5 ph 

1000 pf 

„I 189-4* 
1.5-9.1 

15.1 k 

jig and Hewlett-Packard 342A noise figure 

meter for measuring noise figure of transis-

tors at 200 Mc.—Texas Instruments Inc., 

"Solid-State Communications," McGraw-Hill, 

N.Y., 1966, p 345. 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p NI2-2. 

SOUND LEVEL METER—Two-tranestor cir 

cuit takes high-impedance microphone feed-

ing compound grounded-collector stage in 
which collector, emitter load, and biased re-

sistor of QI are bootstrapped.—W. V. Rich-

ings and B. J. White, Transistorized Sound 

Level Meter, Electronics, 33:25, p 64-66. 
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A-F AMPLIFIER WITH SQUELCH— Input is ob-

tained from noise rectifier and amplifier of 

communication receiver. Squelch is used to 

make first audio stage inoperative during 

no-signal condition.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N12-2. 

A-F AMPLIFIER WITH SQUELCH— Used to make 

first audio stage inoperative during no-signal 

condition in communication receiver.—NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N12-2. 

22pF 33PFIL__460KC FROM 
't RECEIVER I.F. 

FROM 5015E 

ECTIFIER 

POWER 

SUPPLY 

SCR NOISE SUPPRESSOR— Used to suppress 

circuit noise generated when scr is switched 

on, without materially affecting power-

handling capacity or efficiency. Load shown 

is d-c series motor.— Noise Reducer for SCR, 

EEF, 10:10, p 94. 

14 V DC 

5.6K 2.2K 82pF= 

0.1 

15K 

636 KC 
CRYSTAL 

COMBINED 
1ST MIXER 

AND 
636 <C OSC 
2NI395 

470pF 7---

- 240 pF 

4_101pF 

1,094 094 
<C-1-. YI 

( 
170 
pF 

22K 

5.6K 2.2K 

2ND MIXER 
2N1 395 

22pF 

F IF1  
6K3C4 6¡ 

( 
750 
SF 

750 
pF  

27K 

_1?40pF 

634 KC 

CRYSTAL 

5.6K 

2.5K 

COMBINED 
3R0 MIXER 

AND 
634KC OSC 
TI493 

:,27K 

1.0 

2,000  4 
CPS 

FILTER 

82001 22K 

PFT 

10K 0.1 

680 

2.5 

SQUELCH FOR DOUBLE SUPERHET—Ca 

squelck level is automatically ad-

justed to best compromise for incoming 

signal. Squelch can be adjusted to open on 

0.5-nlicrovolt input signal while remaining 

closed when subjed to full c. ntpiit of noise 

220 
+20V DC 

TO 
SWITCHING RECEIVER 
TRANSISTOR Auoio 
11493 SYSTEM 

generator.—.I. M. Tewksbury, Receiver Squelch 

Control Uses Double Superheterodyne, Elec-

tronics, 35:3, p 44-46. 
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AUDIO 0.02 
SCFROM 

DI  

NOISE 
FROM 
DISC 

560K 

FIRST 

5.6M 

12AD6 
FIRST AUDIO-SQUELCH 

10OpF 

- 1M 

.T .0.05 0.05 

LIMITER GRID 12.2M 

 'VVs.  
2.2 M 

56 pF 

I2AD6 — 
NOISE   
AMPL 

0.01 

SQUELCH FOR MOBILE—Reduces background 

noise, to prevent operator fatigue during no-

signal periods. Double-action squelch is ob-

tained by using negative voltage at first 

limiter grid during signal periods to cut off 

12AD6 noise amplifier.— C. Gonzalez and R. J. 

Nelson, Design of Mobile Receivers with Low-

Plate- Potential Tubes, Electronics, 33:34, p 

62-65. 

4.7M 

AUDIO 
OUT TO 
TRANSISTOR 

5 DRIVER 
I2K 2 N109 

I 2,6V 

11,134 
NOISE 

RECTIFIERS 

200 m H 

  SQUELCH 
j_ CONTROL 

I 2.6V 

100 

RF PROTECTOR 

GATE CAPACITOR PROTECTS SCS AGAINST 

RFI—Capacitor between gate and cathode 

provides shunt path at higher frequencies to 

prevent firing of silicon controlled switch by 

r-f interference. Values in circuit will give 

protection from 32-v signals between 100 kc 

and 30 Mc.—R. J. Sanford, Can RFI Control 

Prevent Weapons Failures?, Electronics, 36:45, 

p 43-45. 

K = X 1,000 

SOUND METER RECTIFIER— Used with sound 

level meter to provide indication propor-

tional to rms value of wideband noise, in 

two-segment linear approximation to re-

quired square-law characteristic.— W. V. Rich-

ings and B. J. White, Transistorized Sound 

Level Meter, Electronics, 33:25, p 64-66. 

6N1.5 

INPUT 

4554 4/04 

THRESNOLD 
CONTROL 

1004 

BACKGROUND NOISE SUPPRESSOR—With 

control set for maximum resistance, only de-

sired a-c voltage peaks above 4.5 y are 

passed by diodes. Balanced variable-thresh-

old circuit achieves this suppression of weak 

background noise without affecting a-c bal-

ance of signals.—W. E. Earle, A-C Threshold 

Converts to Switch, Electronics, 31:1, p 

96-99. 

2f3V 

ZENER NOISE GENERATOR—Amplifies noise 

voltage developed across conducting zener 

diode. Zener current is fed to base of tran-
sistor, which has nominal current gain of 

75.—G. Richwell, One-Stage Semiconductor 

Noise Generator, EEE, 12:7, p 26-28. 



CHAPTER 56 

Oscillator Circuits 

TI 
0.005 9044 

OUT 

2.2K 

3.3 

K.0(1,000 

0.005 

0.005 

11F12K 

5.6K 

5.6K 

9044 0.005 

2.2K 

5.6K 

5.6K 

0.005 

TI 
9044 (2) 

INI37 

0.005 

JAMES 
KNIGHTS 

lilt 3.3 o. 
5.6K 

5.6K 

I2V 4.7K 

D- C 

STABLE 1-MC OSCILLATOR—Gives frequency 

stability of one part in 1 billion per day at 

normal room temperature, at which a 12-lb, 

45-v battery can furnish crystal oven and 

28V 

Eb 

2.5MEG 

—300V 

TI 
952 

IN202 

+9V 

circuit power for 72 hours.—.I. F. Mercurio, Jr., 

Stable, Low-Cost One-Mc Oscillator, Electron-

ics, 32:6, p 50-51. 

VIA   

R1 

8.2K 

430K 

25K 

50K 

0.001 

 oCeSTAL 

TWO-STAGE VARIABLE-FREQUENCY CRYSTAL 

OSCILLATOR—Operates at 9.1 kc with long-

term frequency stability of a few parts per 

million. Frequency can be pulled up to 5 cps 

off resonance by adjusting trimmer capacitor 

in series with crystal. Used in analog and 

digital systems to achieve calibration by de-

viating carrier frequency a small but ac-

curately known amount.—G. A. Gedney and 

G. M. Davidson, Crystal Oscillator has Vari-

able Frequency, Electronics, 31:7, p 118-119. 

PULSE 

INPUT 

C3 i-
470µ./.15 

43K 

• 

f14 1/2 5814 

V2 51 

MULTI VIBRATOR BLOCKING OSC 
BLOCKING OSCILLATOR FOR 10.1 SYNC— 

Combines basic mvbr and blocking oscil-

lator into self-gated oscillator that gives syn-

PULSE OUTPUT 

chronization ratios of 10:1 or greater, with Whatley, Blocking Oscillator for Ten-to-One 

stability equal to that of conventionul air- Sychronization, Electronics, 32:48, p 58-59. 

cuit having 1:1 synchronization.—W. W. 

447 
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— 10v 3.6 K 4.7 ph 

CODE PRACTICE OSCILLATOR—Requires only 

single flashlight cell and two transistors. 

—"Transistor Manual," Seventh Edition, Gen-
eral Electric Co., 1964, p 378. 

PUT 

11 turns Air Dux-516 
N1-4 turns 
N2-7 turns 

0.01 

0.02 

e22K 

39K 

I Shield 

2.7-30 pf 

2N2188 

20012 500 pf 

2.7-30 pf 

e 10CPS 

9-180 pf 

N2 

820 820 pf 
pf 

c 2 
0.0 luf 

C3 
0.01 MF 

R10 

100K 

2. 5MEG 

 I(  

30-MC 2N2188—Delivers 23 mw over tem-

perature range of —40 to +60°C. Typical col-

lector efficiency is 30%.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 319. 

4.7 th 

— 10v 

-48v 

C4 
0.04. F 

R9 

I. 2MEG 

R6 

15 MEG ' 
it 

C5 
0.01F 

Re R7 e 
'1.2MEG 1.2MEG : 

Ql 
2N2497 

-2.6V 
ci T100“F 

R2 
10K 
R 3 

25K 
R4 

10K 

- 7.6V 

R5 
3.3K 

RI 
4.7K 

02 
2191132 

D 
114474 6 

10-CPS PHASE-SHIFT FET OSCILLATOR—Uses V. Glover, Using a New Device: Field-Effect 

four-mesh feedback network to provide at- Transistor Oscillators, Electronics, 35:51, p 

tenuation of 18.36, without use of lamps.— 44-46. 

3.9K 0.01 

T 240 
K.X1,000 +275V 5F,LP 

V7 
6AS6 

20 MEG 
 'VV\,  
MEG 

0.01 

 1(  

622 20K 

0.02 

+125V 

4.7K 

820 

100 

47 47 

+275V 

0.0,li-T 20 1  

0.01 

05G OUTPUT 

CONSTANT-OUTPUT OSCILLATOR—Used with lites. Output signal amplitude is maintained crease Doppler Uses, Electronics, 32:21, p 
automatic doppler cycle counter to determine constant over wide range of frequencies.— 46-50. 

position and velocity of missiles and satel- B. E. Keiser, Digital-Counter Techniques In-

+275V 

39K 39K 

0.01 
10011 
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SELECTIVE 
CIRCUIT 

X, 

PREFERRED 0.8-20 MC COLPITTS CRYSTAL— 

Frequency is changed by substituting plug-

in crystals. Component values depend on 

frequency range. Serves as simple and 

stable frequency source.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 101, p 101-2. 

requencs range 

Me 

CI' CT I C3' RI R3 CI C2 C3 

pf pf lif 

0.8-5   
3-11   
5-20   

TONE-FREQUENCY 
SENSITIVITY CONTROL 

BROADBAND 1N3712 
PICK UP COIL (TD- 1) 

(2 TURNS NO.18- 2" DIM 

,r  X 

X 

I. WAVEMETER 
2.PARASITIC 

DETECTOR 

1 •X' x' 

. KEYING MONITOR 

. CODE PRACTICE OSC. 
NOTE. 
AN 8 OR 16 OHM LOUDSPEAKER MAY BE USED. 

BUT FOR OPTIMUM SOUND OUTPUT A HIGHER 

SPEAKER IMPEDANCE IS NEEDED. 

Cr I C2' Cs' 
Distributed • C" pf 

Frequency range 
me 

10K 3.3K 

500K::3K 10.7 IS 100 
47K 19K 12.4 15 33 
•:::K u2K •8.4 24 24 

IK 

0 Oluf 

CRYSTAL 
PHONES, 

10 MA. METER OR 
SPEAKER 

SWITCH OR 
KEY 

±T_ 

=- 9V 

RI 113 R4 R5 CI C2 C3 

u pf pf pf 

0.8-5 

5-20   

+150V 

+-150v 

Distributed "C" pf 

6.3 
6.3 
6.3 

2 
2 
2 

12.5 
12.5 
12.5 

Li 

mh 

7.0 
0.8 
0.3 

CODE PRACTICE OSCILLATOR—Basic tunnel-

diode oscillator with single-transistor ampli-

fier stage can be used as code practice 

oscillator, sensitive broadband c-w keying 

monitor, sensitive aural-visual parasitic de-

tector, or as wavemeter.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 362. 

1:d1K 620 47K I2K 10.3 I:, 150 
100K <20 68K 6.8K 8.7 18 100 
47K 478 II0K I54., 8.0 22 47 

6.3 
6.3 
I; 3 

2 12.5 
2 12.5 
2 12.5 

LI 

mh 

7.0 
0.8 
: 

PREFERRED 0.8-20 MC ELECTRON-COUPLED corre ation and more immunity from effects Aeronautical Electronic Equipment," Vol. 1, 

COLPITTS CRYSTAL—Pruvides hi9her output, rif load changes than simpler Colpitts version. Electron Tube Circuits, 1963, PC 102, p 

greater harmonic content, better frequency —NBS, "11,4iiiiLzdz Prdferrbd Cirriiitc Nnvy 102-2, 
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112 

+165V 

RING-OF-FIVE NEON OSCILLATOR—Can be 

used for sequential switching, with operating 

cycles of various lengths at audio and sub-

audio frequencies. When first turned on, 

one of lamps fires because of inequalities 

in lamp properties, and others then fire in 

sequence. Values of R and C determine cycle 

duration, according to formula given in arti-

cle. Time is 1 sec for C 0.5 mfd and R=-10 

meg.—R. L. Ives, Neon Oscillator Rings, Elec-

tronics, 31:41, p 108-115. 

IN54A 

STABLE 3-MC CRYSTAL COLPITTS—Crystal 

operates at series resonance in feedback 

path between emitter of 02 and tank tap. 

01 is shunt voltage regulator providing 

power-supply isolation. Two-stage feedback 

amplifier 03-04 provides output impedance 

of about 150 ohms when RI is adjusted for 

0.5-v peak-to-peak output swing.—J. W. 

Hamblen and J. B. Oakes, Instrumentation 

and Telemetry of Transit Navigational Satel-

lites, Electronics, 34:32, p 148-153. 

‘C, 

) NE5I 
A 

IC/ 

NE5I 

<>> R 
>70 

LR ›- > lo 

> 

10 

SCS RLC OSCILLATOR— Positive transient, such 

as closing of switch, charges C through L. 

When current reverses, diode blocks and trig-

gers scs. When capacitor discharges, scs turns 

off and C charges to repeat cycle.—"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 434. 

r 
er) 

•Çr 

C 
7 To lo 

1 

UNSTABILIZED TUNNEL DIODE—Simple but 

generally impractical because frequency var-

ies greatly with supply voltage and wave-

form is poor. Frequency also varies with 

bias, from maximum of 2 Mc at 250 mv to 

0.5 Mc at 80 mv and to 0.8 Mc at 400 mv. 

—Wen-Hsiung Ko, Designing Tunnel Diode 

Oscillators, Electronics, 34:6, p 68-72. 
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STD- 633 * 

5600 

250 

10 

Ebb .I.5V 

3-260 MC TUNNEL-DIODE OSCILLATOR—Uses 

plug-in coils to generate sine-wave output 

over wide frequency range.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 352. 

3-260mc 

1  

*SELECTED DEVICE 

1 m H 15µH 
230 III 0 022 10K 

100: 

IN2939 
OR 

1N3712 

VARICAP 

OUTPUT 

o 
V (0-100V) 20 

12-22 Mc VOLTAGE-CONTROLLED OSCILLA-

TOR—Voltage-variable capacitor tunes tun-

nel-diode oscillator electronically.—"Transis-

tor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 350. 

KrX 1,000 

fir 4,342 CPS f2= 5,059 CPS 

FREQUENCY-SHIFT-KEYED OSCILLATOR-01 is 

Colpitts oscillator nt 5 kc and 02-03 is push-

pull tumplementary-eminer amplifier will, 

 o 
4-V 

47 2 0.05 

- -

RAMP GENERATOR DRIVES TRIGGER—Circuit 

is relaxation oscillator providing short, fast 

pulses for triggering mvbr. Upper operating 

frequency is about 1 Mc for values shown. 

Efficiency is high yet total component cost is 

under $2.—C. F. Andren, High Efficiency Re-

laxation Oscillator, EEE, 14:4, p 43. 

EITHER S, OR S2 MAY BE USED FOR KEYYNG,AS DESIRED 

unity voltage gain. Either switch shorts 

amplifier, thereby increasing tuning capaci-

tance cnough to shift frequency 1 kc. N. C. 

Hekimian, Getting Rid of Transients in Fre-

quency-Shift Keying, Electronics, 35:45, p 

52-59. 
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IE D- C 
(10.7 Kim COMMON 

D- C 
COMMON 

2,000-MC GENERATOR—Depends on harmon-

ic frequency conversion. Oscillator QI and 

amplifier 02 deliver 153 mw at 250 Mc to 

1.5 107 

0.8 TO 10 

TO 
ZoLyr Z IN 4 
.50 . 50 

POUT ' 6 6 MVi - RFC 

-18 V 

y Di 

I .1 
TO TO 
4 10 

RFC 

us MAI 

2,000- MC 
CAVITY 

coaxial matching section. Despite conversion 

loss of 11.8 db in 8th-harmonic generator 

DI, output of 10 mw at 2,000 Mc appears 

BRIDGED-T AUDIO OSCILLATOR— Incorporates 

heavy degenerative feedback in which small 

lamp is nonlinear compensating resistance. 

Provides constant output frequency and volt-

age for any supply between 12 and 32 v, at 

temperatures down to 20F. Frequency is 

determined by capacitors C and 500-ohm trim-

mer control, to give choice of 100, 150, 230, 

and 350 cps.—H. P. Van Eckhardt, Crevasse 

Detector Blazes Glacial Trails, Electronics, 

31:3, p 63-65. 

BRIDGE—T OSCILLATOR K, X 1,000 

23-MC PUSH-PULL—Delivers 75 mw to 50-

ohm load, through pi-matching network.— 

Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 318. 

_L 
-18 V 

pp' P GAIN 

PO 50 BOLO-
METER 

MW 
across 50-ohm bolometer.—M. M. Fortini and 

J. Vilms, Solid-State Generator for Microwave 

Power, Electronics, 32:36, p 42-43. 

50 ,(.2 
0.1 ph load 

T1 
Air Dux-508 
N1-3 turns 
N2-1 turn 
N3-1 turn 
N4-3 turns 
N5-5 turns 
Coefficient of 

coupling at 0.5 
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860 S2 

24-MC CLAPP—Delivers 300 mw to 50-ohm 

load, with collector efficiency of 35%.— 

Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 319. 

Unless otherwise stated: 
Rin ohms; L in p.h ; 

C > I in pf; C<Iinµf. 
TI 

TRIGGER Cl 

470 

Rg 

(NOTE ) 

-150V 

R i 

R2 

R3 R4 

22K 

• 

Ebb 

R5 
330 

T1-6 turns Air Dux-408 

C2 
•5>R7 -ro.o47 

• 

OUTPUT 

R6 

Components: 

Input pulse spacing Division by Output pulse spacing R. 
,sec ohms 

12.2  5  61 250K 
61 2  122 250K 
61 5  305 1M 
122 2 .244 1M 
122  5  610 2.5M 

R2: 12oxr2 (5814A); 270Kn (6111). 

PREFERRED SERIES-TRIGGERED BLOCKING OS-

CILLATOR—Responds to more slowly rising 

trigger than parallel-triggered version. Cath-

ode follower VI is included to provide re-

quired low driving impedance and minimize 

reaction of oscillator on trigger source. De-

signed for repetition rates up to 2,000 pps. 

Four terminals give choice of positive or 

negative output from positive input. Plate 

voltage is 300 y for 5814A and 150 y for 

6111. -NBS, "Handbook Preferred Circuits, 

Navy Aeronautical Electronic Equipment," Vol. 

I, Electron Tube Circuits, 1963, PC 49, p 49-2. 

Unless otherwise stated: 
Rin ohms; L in µh; 
C >I in pf, C< I inpf 

C I 

0-1(  
1000 

5814A 
r 

§RI 220K 

-e" 
-150V 

5052 
load 

PREFERRED DISTANCE-MARK DIVIDER— Used 

to generate distance marks when several 

must be displayed ..imultaneously. Maximum 

division factor is 5. For 5814A, R6 is 100 

ohms and plate voltage is 300 v. For 6111, 

R6 is 150 ohms and plate voltage is 150 v. 

R7 should be maximum that will just sup-

press ringing.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 51, p 51-2. 

47K 

Ebb 

R5 
1K 
(NOTE I) 

R6 0.047 
±C3 

V2 

R7 

<, R8 
.(NOTE 2) 

Components: 
R3: 270Kn (5814A); 560Krt ( 6111). 
R6, R7 (See Note 3): 1000 maximum (5814A); 1500 maximum (6111). 
Ti: 1.1 piik.c transformer chosen to obtain desired pulse width. 

 o 4 

-o 3 

 02 
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Unless otherwise stated: 

R in ohms; L inµh; 

C > I in pf; C< 

TRIGGER C I 

Rg = 2.5 M 

-150V 
R3 

Ti 

RI 

R2 

• 

Components: 
Output prf ( pps) 200-600 
Cl ( picofarads) 2200 
113: 12111{ ( 5814A) (<111) 

PERFERRED PULSE-FREQUENCY DIVIDER — 

Blocking oscillator design produces equally 
spaced pulses at submultiple of 2 to 5 of 
trigger frequency. Maximum prf is 2,000 pps. 
Input and output are both positive. Plate 
voltage is 300 y with 5814A tube and 150 y 

VOLTAGE-CONTROLLED VFO—Adding 10K re-
sistor to basic ujt oscillator gives voltage-con-

trolled variable-frequency oscillator. With 
0.68 mfd for C, d-c input voltage range of 
0 to 30 y gives 670 to 4,550 pps. With 0.2 

—10v 3.6 K 4.7 µh 

30-MC WIDE TEMPERATURE RANGE—Oper-

ates over range of 40 to 60C. Typical 
power output is 23 mw at lowest tempera-

R4 

22K11 

Ebb 

R5 
1K 

ilC2 
0.047 

• 

OUTPUT 

R6 

600-1200 1200-2000 
 1000 470 

with 6111. R6 is 100 or 150 ohms depending 
on tube. R7 should be maximum that will 

just suppress ringing.—NBS, "Handbook Pre-
ferred Circuits Navy Aeronautical Electronic 
Equipment," Vol. I, Electron Tube Circuits, 
1963, PC 50, p 50-2. 

mfd for C, same input range gives 220 to 
1,400 pps. Not intended for use where lin-
earity is important.— B. Strunk, Voltage-Con-
trolled Variable-Frequency Oscillator, EEE, 
10:12, p 28-30. 

05C FREO < I0KCI TO 100KC 1AT 350 KC 

01 8 Q2 USED 2N 270 2N247 2N 384 

TEMPERATURE R9 
COMPENSATION 
FEEDBACK R0 8.2K 1K 

8.2K 

R12 I5K BRIDGED 
T NET-
WORK — C1 C 

R 13 2.5K 
K X 1,000  

FREQ 
IN CPS 

-20V 
REG 
4MA 

C1 C2 

VALUES 

4 6.8,µF 
100 0.25,µF 
400 0,0 68„uF 

MULTIPLE-FEEDBACK 
excellent amplitude 

R14 

I K 

FRED 

IN KC 

10 
100 

E 

O 

FINE' 
FREO 
ADJUST 

C1° C2 

VALUES  

0.025,µ F 
2,300µ,aF 
200,u,a F 

R-C OSCILLATOR— Gives 

stability and low dis-
tortion. Uses vibration and shockproof ver-
sion of Sulzer bridged-T configuration to 

provide single-frequency operation in 4-cps 
to 350-kc range.— L. H. Dulberger, Improved 

R-C Oscillator, Electronics, 32:10, p 62. 

IN3712 

27.255-MC TUNNEL DIODE-CRYSTAL OSCIL-

LATOR—Operates within tolerance of quartz 
crystal from 55 ro 85'C and bias range 
of 110 to 150 my for Citizens Band service. 

—"Transistor Manual," Seventh Edition, Gen-
eral Electric Co., 1964, p 353. 

lure and 20 mw at highest. Collector effi-
ciency is 30%.—Texas Instruments Inc., 

4.7 µh 
T1 

11 turns Air Dux-516 

N 1-4 turns 

- 10v N 2-7 turns 

"Solid-State Communications," McGraw-Hill, 
N.Y., 1966, p 239. 
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+I2V 

R2 
I2K 

47K 

3-25 pF 

RESISTANCE-CONTROLLED OSCILLATOR—Both 

positive and negative feedback loops are 

used, with notch network as frequency-de-

termining element. Incandescent lamp in for-

ward loop give amplitude stabilization. Tun-

ing network contains resistance-to-frequency 

tranducers.—V. C. Vanderbilt and C. L. Zim-

mer, Magnetic Tape Recorder Programs En-

gine Dynamometer Tests, Electronics, 33:51, 

p 74-77. 

+24 

11 L1 

18-36pH 

220 

DI 
PSI V-100 

R3 
10K 

L2 
36-64pH C2 

0.02pFD 
R5 
10K 

-24 CONTROL 

INPUT 

VOLTAGE-CONTROLLED BUTLER OSCILLATOR 

—Provides 70% frequency deviation. When 

tuned to 2 Mc, frequency deviation is 205 

kc at 0 y control input and 1,289 kc at 20 v, 

though frequency deviation is not linearly 

proportional in lower half of voltage range. 

—C. F. Turner, Wide-Range, Voltage-Con-

trolled Oscillator, FEE, 10:10, p 31. 

+24 

2 
2N760 

R6 
10K 

60-MC COMMON-BASE—Delivers 10 mw to 

50-ohm load at 25 C. Collector efficiency 

is 10%.—Texas Instruments Inc., "Tran-

sistor Circuir Debi,,," N Y.. 

1963, p 320. 

-24 

- 10v 

100 

47K 

0,5 

-47 
2NI69A 

CI 

120V 3W 

TUNING 
NETWORK 

R1 470  
5ÓC) v"A 

330 0.00 5 

4.7K 68K 

2N169 03 

2N169A 
02 

-100 IK 

68K 
0.05 

47K 
10K 39K 

2NI69A 05 

68K 

OUT 
0.05 
2.2K 39K 

OUTPUT 

I OK 

2NI69A 
04 
22 

2.2 K 

5 CPS TO 300 KC—Overcomes low-frequency 

problems of wide-range oscillators by using 

tank both for controlling frequency and coup-

ling signal to next stage. Frequency is stable 

over wide variations in d-c voltage and tem-

perature, yet circuit is inexpensive. Alterna-

tive output coupling shown is useful for driv-

ing varying loads.— J. Freeman, Low-Fre-

quency C-Coupled Oscillator, FEE, 11:7, p 

27-28. 

8 turns Air Dux-432 
N1-4 turns 
N2-4 turns 
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CAPACITOR 
MICROPHONE TEST SIGNAL INPUT 

OSC 
6+ 

200 FROM 
AMP 

OSCILLATOR-DETECTOR—Capacitor micro-

phones form part of grid tank circuit of 6-Mc 
tuned-plate tuned-grid r-f oscillator that also 

detects 6.5-cps modulation by class-C opera-

tion during oscillation. Used in infrared ana-

lyzer for detecting leaks in automobile air-

suspension systems.—P. G. Balko, Infrared 

Finds Auto Suspension Leaks, Electronics, 
31:49, p 82-85. 

tZL 
11T LL 

401 

LB ST 4,000pF 

3.6 K 
2N2188 9-180 pf 

15K 
0.01 

VI 
5814A 

TRIGGER CI 

1500 

R2RI 220K *-= 

Components: 

R1: 1Mte ( 5$14A) ; 2.2Mst (6111). 

R3: 100Kt1 ( 5814A) ; 220KI/ ( 6111). 

PREFERRED PARALLEL-TRIGGERED BLOCKING 

OSCILLATOR (BELOW 2,000 PPS)—Produces 

synchronizing impulses between 0.2 end 7 

microsec wide at rates of 200 to 2,000 pps. 

One triode section is used as trigger am-

60-MC COMMON-BASE—Delivers 10 mw to 

50-ohm load at 25°C. Collector efficiency is 

10%.—Texas Instruments Inc., "Solid-State 

Communications," McGraw-Hill, N.Y., 1966, 

p 239. 

2NI307 I  .10v 1 

+ 

Ebb 

R5 
330 

R6 

TI 

—150V 

R7 

22K 

T1 

8 turns Air Dux-432 

N 1-4 turns 

N 2-4 turns 

122-KC GROUNDED-COLLECTOR HARTLEY— 

Simple class-C L-C arrangement has many 

advantages for power oscillators and for 

d-c to a-c converters. One side of tank can 

be grounded.—P. Laakmann, Designing Class-

C Transistor L-C Oscillators, Electronics, 35:30, 

p 42-45. 

1C3 
10.47 

.5 R8 

 o 4 

-o 3 

V2 

58I4A 
or 

6111 

 02 

plifier to prevent triode blocking oscillator 

from reacting on trigger source. R6 and R7 

are 100 ohms for 5814A and 150 ohms for 

6111. R8 should be maximum that will just 

suppress ringing. Requires positive input 

trigger and gives choice of output polarities 

at the four output terminals.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 46, p 46-2. 
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TEST 
Vc 

2N270 
3 TO 2.1 MH 

1 

OUT 
15 OHMS 
IMPEDANCE 

R3 R4 

500 600 

20 V CI 
IN429 REGULATED 100 

STABLE 10- KC COLPITTS—Provides constant-

amplitude carrier for data reduction system, 

at 0.5 y rms with amplitude stability of 

0.1% and frequency drift below 0.25% 

for temperature range of 30 to 50`C.— L. H. 

Dulberger, Transistor Oscillator Supplies Stable 

Signal, Electronics, 31:5, p 43. 

0 02,ur 

1 5K 

+ 25V 

2N2410 

D 

R, 
68 K 

C2 

0.001 

C3 

60 

 2 N706 

Ce 

0.005 

1 C 5 
R6 T60 

3,900 

C6 
—1- 270 

Re 

1,200 

C7 

0.01 

8V 

TO 
BUFFER 
AMPL 

10-MC CRYSTAL—Collector voltage of tran- age-sensitive capacitor D2 and R7 serve for 

sistor is kept low and is stabilized by zener fine frequency adjustmets.—M. Lysobey, 

diode D1 in microminiature oscillator using Microminiature Crystal Oscillator Using Wafer 

crystal in 10-Mc fundamental mode. Volt- Modules, Electronics, 35:15, p 60-61. 

650pf 

O 1,uh 

ARCO 315 
OR EQUIV 

1400 3000pf 

0 02.1-if loo 

45 380pf 

LOAD 

33uh 

— 0 02,uf 

+ 25V 20-MC POWER OSCILLATOR—Colpitts-type 

 O common-base circuit gives power output of 

500 mw to 50-ohm load, while dissipating 

750 mw.—Texas Instruments Inc., "Solid-
T o ozuf 

State Communications," McGraw-Hill, N.Y., 

1966, p 300. 

R1 

250K 

CiL 

3 

CS. 

3300 pf 

7/  

(/ 

Qi 
2NI304 

0 

R3 
220. 

_Lc, 

RF2 

FREQUENCY 

WIEN BRIDGE 

8+ 

az 
2NI305 

03 

2NI304 

04 
2NI76 

6 
2NI76 

Q5 

2N1305 

R5 

IK 

R6 

2.7K 

INPUT HIGH— 
AMPLI— IMPEDANCE 
FIER I DRIVER 

NOTE: 

R n , RE2 ARE 
SWITCHED 
RESISTOR PAIR. 
VALUE DEPENDS 
ON FREQUENCY 

OUTPUT 

R4 

20 

TI 

MAXIMUM 
OUTPUT 

OUTPUT 

CLASS B— 
EMITTER FOLLOWER 

FEEDBACK LOOP STABILIZES A-F OSCILLA- having sufficient output power to drive load frequency independent of load variations.— 

TOR AMPLIFIER—Wien bridge determines fre- directly. Thermistor R2 and resistor R3 pro- R. G. Fulks, Novel Feedback Loop Stabilizes 

quency of oscillator, which is combined with vide negative feedback path around ampli- Audio Oscillator, Electronics, 36.5, p 42-43. 

3tagc3 to give single oscillator çtngd., fier and oscillator, to make oscillator gain and 
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3.9K 

2.5K 

,.13K 

P2 
25K 

CONTROL 
7v 

29744 

1500—.2500cps 
23V P- P 

5.1K 

80 

0.1 

E — 
1.5V 

Lc 
100H 
Y 

R2 
10 

Lc 
100H 

R2 
10 

Lc 
100H 

R3 C 
100pF 

200pF 

.100pF 

e0 

FET VOLTAGE-CONTROLLED OSCILLATOR—Pro- d-c. Circuit is resistance-controlled three- CASCADE TUNNEL DIODE—Voltage drops 

duces excellent sine-wave output with good section phase-shift oscillator.—R. Selleck, across resistors R2 serve as individual voltage 

linearity over frequency range of 1,500 to Voltage-Controlled Oscillators, EEE, 13:3, p sources in series for cascaded diodes that 

2,500 cps, for control voltage of 0 to 7 y 47. give three times sine-wave output voltage of 

single relaxation oscillator circuit.—Wen-

Hsiung Ko, Designing Tunnel Diode Oscil-
lators, Electronics, 34:6, p 68-72. 

FEEDBACK OSCILLATOR—C1 provides posi-

tive feedback between amplifier V2 and 
cathode follower V1, causing oscillation at 

frequency and amplitude at which loop gain 

is unity. Twin-T network in negative feed-

back loop maintains pure sine wave, free of 

harmonics. Variable-gain negative-feedback 

amplifier V3-V4 stabilizes frequency and 
amplitude at prescribed values.—Oscillator 

Patent is Granted, Electronics, 31:37, p 108. 

1 

8M 4M 

Cl 

1,000pF 

0.01,uf 

 I(  

0.010 0.0Wf 

100K 1.2tvin 

2.5Mû 
•  

.15M 

FET PHASE SHIFT OSCILLATOR—Frequency of 

four-mesh phase-shift oscillator can be var-

ied several cycles around 10 cps, using 2.5-
meg pot. Attenuation of four-mesh feed-

back network is 18.36.—L. J. Sevin, Jr., 
"Field-Effect Transistors," McGraw-Hill, NY., 

1965, p 111. 

4 16K 

C2 

1,000 pF 

ec, 

C4 

I1000 pF 

LI 

+12V 

CRYSTAL MOS FET—Oscillation is maintained nal when using mos fet.—G. G. Luettgenau MOS FETs: A Little Different But No Harder, 

even with 100-microvolt oscillator output sig. and S. H. Barnes, Designing With Low-Noise Electronics, 37:31, p 53-58. 

OUTPUT 

C5 
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8 to 170 KC WITH PLUG-IN CRYSTALS— 

Oscillator frequency can be changed by re-

placing cry,tul and one capacitor in feedback 

loop. Stability is obtained from squaring 

transistor 01 which feeds crystal.— R. Cou-

vela, Oscillator Frequency is Changed by 

Plug-In Units, Electronics, 34:36, p 86-87. 

7.5 
I.34V 
MERCURY 
CELL 

20 

150 

GERMANIUM 
TUNNEL 
DIODE 

1300 C 
ovEN 
L 

— SILICON 
TUNNEL 
I DIODE 

_J 62 

TANK 

7-45 
.µµF 

AUDIO-MODULATED 1-MC TUNED TD OSCIL-

LATOR— Uses silicon tunnel diode that, with 

no surface protection, may be dipped in 

liquid nitrogen, placed in furnace, or im-

mersed in acid, with only minor change in 

oscillator and modulation frequencies.— I. A. 

Lesk, N. Holonyak, Jr., and U. S. Davidsohn, 

The Tunnel Diode— Circuits and Applications, 

Electronics, 32:48, p 60-64. 

(DV 

SIGNAL 
OUTPUT 

IO-KC SINGLE-TRANSISTOR COLPITTS—Total 

temperature drift rate is only 0.035%/C, 

determined by coil core material. For higher 

frequency stability, frequency-determining 

network should be buffered from amplifier. 

—"Tiansistor Manual," Se.•,nntl, Edition. Gen-

eral Electric Co., 1964, p 210. 

PREFERRED ASTABLE BLOCKING OSCILLATOR 

—Used as pulse generator when frequency 

stability is not important. Output can be 

used as trigger without further shaping. R4 

should be maximum that will just suppress 

ringing. Design equations are given for R1 

NOTE:ALL TRANSISTORS TYPE 2N697 
ALL DIODES TYPE 15662 

SYNCHRONIZED OSCILLATOR—Astable mvbr 

01-Q2 operating at 68.4 kc is synchronized 

by 400-cps signal having 6-microsec pulse 

width. Frequency stability can be one part 

in 4,000 if film resistors and other tempera-

ture- stable components are used. Synchron-

LP 

74.I3MC RF 

Of 
L C2 

i‘ 

L2 

E bb 

and R2, but final values must be determined 

experimentally. Range is 200 to 2,000 pps. 

Output is positive.—NBS, " Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. I, Electron Tube Circuits, 

1963, PC 48, p 48-2. 

-1:p.Op SECONDS 

I 
I I 
r_ + iovours 

u-- 0 VOLTS 

izing signal is variable, of the order of 1/170 

of oscillator frequency but with no integral 

relationship between the signals.—G. Silver-

man, A Synchronized Oscillator Circuit, EEE, 

10:7, p 29-30. 

OSCILLATOR 

74.13-MC CRYSTAL REPLACES LOST MICRO-

WAVE CARRIER—To prevent noise interfer-

ence during signal losses due to fading, car-

rier resupplies oscillator, and amplifier re-

places lost carrier, within 0.1 millisec. Q1 

AMPLIFIER 

ou 7 
75çt 
LE., 

and 02 are switched from cutoff when car-

rier is needed. Resistor RF in series with 

crystal lowers its Q to insure rapid starting. 

-Microwave Relay Designing with Travel-
ing-Wave Tubes, Electronics, 35:3, p an-43. 
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UNIJUNCTION-TRANSISTOR OSCILLATOR— If 

circuit is broken at X, discharge current of 

Cl can be used to shut off transistor stage. 

—A. G. Lloyd, Overload Protection for Tran-

sistor Voltage Regulators, Electronics, 33:52, 

p 56-59. 

C2 

C.0' 

R 4 

470 K 

FREE-RUNNING CASCODE OSCILLATOR— 

Omission of voltage-divider capacitors from 

cascade multivibrator gives sine-wave oscil-

lator if loop gain is equal to unity.— C. 

Sing, Advantages of Free-Running Cascode 

Multivibrators, Electronics, 37:5, p 28-29. 

a- 9+ 
-6 3v + 6.3v 

MEASURING OSCILLATOR STABILITY—Circuit 

is used as 90.3125-Mc reference oscillator in 

system for measuring short-term stability of 

45-Mc stab o ( stable local oscillator) of air-

borne radar under high vibration. Tape 

transformer in collector circuit of transistor 

controls crystal drive.—J. Coolican, How to 

Measure STALO Short-Term Stability Under 

Vibration, EEE, 13:5, p 96-98. 

10K 

1 2 

0.00‘6,.‘F 

7 

K T 

13+ 12V 

f 

330 

01 

2N335 

T IF 

100-KC MAGNETOSTRICTIVE-ROD CONTROL 

—Oscillator Q1 can be adjusted to within 

0.1 cps of desired frequency by adjusting 

length and center thickness of rod made 

from modified Elinvar constant-modulus ma-

MODULATOR INPUT-

2N502A 

10.002 

0.00160S 

33K 

I K 

02 
2N335 

 IC  
0.0 1/1F 

terial positioned between coils. Emitter-fol-

lower Q2 minimizes pulling by variable load. 

—T. A. O. Gross, New Magnetic Rods Simplify 

Circuits, Electronics, 35:28, p 62-66. 

—TO BUFFER AMPL 

IN 7570 

C2 

RE  1.5K T2OpF 

VOLTAGE-CONTROLLED 23-MC OSCILLATOR 

AND MODULATOR—Input signal voltage to 

transistor changes capacitance of tank cir-

cuit, to make oscillator frequency vary with 

input signal voltage. Variable-capacitance 

1.2K 

+13V IN7520 

L1 
1-1.5H 

—10pF 

56 K CORRECTIVE 

VOLTAGE 
02 

I% 950 

D C6 

3 0.002 

diode requires fewer parts than transistor 

modulator. Zener diodes provide constant 

bias for variable-capacitance diode D2.— 

F. L. Carroll, How to Achieve Stability in 

Space Telemetry, Electronics, 37:4, p 32-35. 

JI Cut Duplex 
9.1 (C 

-22.5V 

K. X 1,000 

THREE-STAGE VARIABLE-FREQUENCY CRYS-

TAL OSCILLATOR— Provides loop transmis-

sion of 1, under maximum frequency pulloff 

of 5 cps from 9.1-kc crystal frequency, and 

has net phase shift around loop of 360' 

with crystal in circuit. Third stage provides 

extra circuit gain needed for larger power 

13:2 

2NI23 

3K 

output or larger frequency deviations off 

resonance. Transformer provides phase re-

versal and reflects desired a-c load, to limit 

output swing of transistor.— G. A. Gedney 

and G. M. Davidson, Crystal Oscillator has 

Variable Frequency, Electronics, 31:7, p 118-

119. 
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FOUR-LAYER DIODE OSCILLATOR— If circuit 

is broken at X, discharge current of Cl can 

be used to shut off transistor stage.—A. G. 

Lloyd, Overload Protection for Transistor 

Voltage Regulators, Electronics, 33:52, p 

56-59. 

TONE-BURST OSCILLATOR—Consists of vari-

able-frequency ' magnetically coupled mvbr, 

with two magnetic cores driven by battery-

powered transistors. Injection of current or 

voltage from solar cell or other transducer 

affects mvbr reset, to give frequency change 

over range of 5 to 15 kc.—R. W. Rochelle, 

Cyclops Cores Simplify Earth- Satellite Cir-

cuits, Electronics, 31:9, 56-63. 

TUNNEL 
DIODE 
BIAS 

' 
TO 

50 OHM 
LOAD 

10K 

200-400 MC VARICAP-TUNED OSCILLATOR 

—Tuning range is achieved by adjusting Vari-

cap bias voltage from 0.4 to 60 v.— E. Gott-

lieb and J. Giorgis, Tunnel Diodes— Using 

Them as Sinusoidal Generators, Flertronics, 

36.24, p 46-42. 

OU T 2 

+105 

7587 
300 pf 
(for 100 kc) 

STABLE OSCILLATOR—Excellent frequency and 

amplitude stability is accomplished by elim-

inating all grid current in tank circuit and 

by isolating tank from driving tube by means 

of resistive degeneration. If very pure sine 

wave is required, grid of VI should be cou-

TONE 

1M 

CHATTER JAMMER—Can be used to create 

pleasing tone at level that drowns out am-

bient noises, to permit concentration on prob-

Unless otherwise stated . 

R in ohms; L in ; 

C<1 in; C > I in pf 

VI 

5814A 
or 

CI 

Components: 

1500 

RI 
5M 

R2 
IOOK 

.01 

pled to high-impedance load that is equiva-

lent constant resistance, because either reac-

tive or variable loads will impair stability.— 

J. C. Davis, Stable Oscillator Circuit, EEE, 

11:2, p 26. 

CRYSTAL 
EARPHONES 

lem while others are talking in vicinity.—J. 

Leeb, A Chatter Jammer Circuit, EEE, 10:11, 

p 31. 

+150V 

R5 
330 

TI 

R 3 

-150 V 

C2 

1 ‘,C)C) 4 

R4 

C3 
-4-1- 0 047 

.(NOTE 
t 
7 

V2 

5814A 
or 

OUTPUT 

R6 

Pulse spacing ( raer) 12 to 60 60 to 500 
R3 47Krà 150Kti 
R4 4.7Rn    15Ko 

PREFERRED 2,000-83,000 PPS BLOCKING OS-

CILLATOR—Parallel-triggered circuit responds 

to trigger pulses separated by only few 

microsec, as required for distance-mark gen-

erators and pulse coding circuits. Input is 

pu.iti. e, with minimum of 15 y, and ci- frit 

is positive. R6 is 220 ohms. R7 is maximum 

that will just suppress ringing.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 47, p 47-2. 
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+I2V 

DELAY-LINE OSCILLATOR—Tunnel-diode os-

cillator with General Radio 314-586 delay 

line produces square-wave output in range 

of 0.5 to 20 Mc.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, 

p 352. 

SATURABLE-REACTOR OSCILLATOR—T i m e-

base integration of a variable is performed 

by counting cycles of saturable-reactor os-

cillator whose frequency is proportional to 

the variable. Linearity is within 1% of full 

scale.- 1.. W. Langley, Saturable-Core Oscil-

lator Integrates Gas-Flow Data, Electronics, 

324, p 42-43. 

Vb  - 
0.01 
BYPASS 
CAPACITOR 

_ 
ADJUST.ABLE 
LINE LENGTH 

NR DIODE AS R-F OSCILLATOR—Simple neg-

ative-resistance diode circuit can develop 

several milliwatts at frequencies up to 300 

Mc.—A. P. Schmid, Jr., Negative-Resistance 

Diode Handles High Power, Electronics, 34:34, 

p 44-46. 

OUT 0.22 1.5 
gH + 150V 

s. 
416-B 80p4x.F 

0.22 80F 

  3 Ogg F 30AgF 

B AS 100V SWEEP 30V ENS 
80 
4./LF 

FERROELECTRIC CAPACITORS 

ELECTRIC TUNING FOR 600 to 1,200 MC— 

Lumped-constant technique is used with volt-

age-tunable ferroelectric capacitors to pro-

vide 10 mw into 50 ohms.—T. W. Butler, 

Jr., Ferroelectrics Tune Electronic Circuits, 

Electronics, 32:3, p 52-55. 

860 (-2 

+ 12 v 

0.005 µf 

24-MC CLAPP—Delivers 300 mw into 50-ohm 

load. Typical collector efficiency is 35%. 

CB CRYSTAL OSCILLATOR—Uses low-cost 

crystal having high series resistance, up to 

30 ohms. Provides adequate output to supply 

most master oscillator-power amplifier ap-
plications. Output tap is arranged to match 

 ° +Vcc 
•  3.3K 10 TO 20V $  

470K .047 
•-•\.^A—e--III  

02 N 2924 5.0K 

47K 

047 
 ci OUTPUT 

47K T 047 

4450V 

+250V 

GATED UNIT 

PULSE INPUT 

L i A 

0.01 

-25CV 

IX 

o 

12K ; 

CUT-OFF 
PULSE 
GENERATOR 
EFP60 

50,eiliF 

DAMPED 40-MC GENERATOR—Converts unit 

pulses, resulting from video screening in nu-

clear track scanner, to damped 40-Mc oscil-

lations each 0.1 microsec long, which are in-

501-2 

load 

—Texas Instruments Inc., "Solid-State Com-

munications," McGraw-Hill, N.Y., 1966, p 239. 

+22V ( OR 12V) 
01 

I-0 OUTPUT 

L1-16 TURNS.M24 WOUND 
ON CTC SPIIC - 4L FORM 
TAPPED AS SHOWN 

directly a companion 2N2195 grounded-base 

amplifier. Crystal is 3rd overtone type.— 

"Transistor Manual," Seventh Edition, Gen-
eral Electric Co., 1964, p 211. 

SIMPLE TRANSISTOR OSCILLATOR—Current 

gain is stabilized against transistor varia-

tion. Can be used over collector voltage 

range of 2 to 24 v. Oscillation occurs at 

frequency at which there is 360 - total phase 

shift, 180° of which is furnished by 

grounded-emitter amplifier and 180° by 

high-pass network. 5K pot adjusts frequency 

from about 200 to 400 cps.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 206. 

COIL CURRENT SWITCH 

K. X 1,000 

DELAY 
LINE 
DRIVER 
6CL6 
V3 

7 T URNS, i-IN. 0 D. n I- IN. LC 

serted in quartz ultrasonic delay line that 

feeds counter.— P. V. C. Hough, J. A. Koenig, 

and W. Williams, Scanner Recognizes Atomic 

Particle Tracks, Electronics, 32:13, p 58-61. 

TO 
ULTRA-
SONIC 
DELAY 
LINE 
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VARICAP TUNES TUNNEL-DIODE OSCILLA-

TOR—Series oscillator circuit tunes electrically 

over range of 12 to 22 Mc.—E. Gottlieb and 

J. Giorgis, Tunnel Diodes—Using Them as Sin-

usoidal Generators, Electronics, 36:24, p 

36-42. 

STABLE 40-MC OSCILLATOR—Frequency shifts 

less than 500 kc when supply voltage is 

changed from 5 to 12 v.—T. P. Prouty, Using 

Varactors to Extend Frequency-Control Range, 

Electronics, 36:45, p 48-49. 

91K 

0.05 

Vcc = — 15v 

300pf 

+ 9V 

300pf 

0.82»h 

9.1K 

TEMPERATURE-STABLE 200-MC—Varies less 

than 2 Mc in frequency and less than 1.5 mw 

in power output over temperature ronge of 

25 to 80°C. Normal power output is 22.5 mw. 

—Texas Instruments Inc., "Solid-State Com-

munications," Mi.G.c.vv-Hill, N.Y, 1966. p 

301. 

50 
LOAD 

4.811;f% 

0.022uh 

470pf 

To 
IN2939 
OR 

1115712 

OUTPUT 

V2(0 - 100V ) 

VARICAP 

BRIDGED-T R-C PHASE-SHIFT OSCILLATOR— 

Emitter-follower eliminates loading varia-

tions, contributing to exceptional frequency 

stability (0.2%) over temperature range 

of — 55 to 80 °C.—"Transistor Manual," Sev-

enth Edition, General Electric Co., 1964, p 207. 

NONLINEAR VOLTAGE-CONTROLLED OSCIL-

LATOR—Use of conventional transistors rath-

er than fet's means that Q1 and Q2 operate 

in knee region, where frequency does not 

vary linearly with d-c control voltage. This 

is generally not a drawback when control 

voltage is servoed. Increasing the control 

voltage increases the frequency.—R. Selleck, 

Voltage-Controlled Oscillators, EEE, 13:3, p 

47. 

500pf 
+6 Ov 

500-MC COLPITTS—Frequency varies less than 

3 Mc from 25 to 75°C, and less than 1.5 Mc 

with bias change from 6 to 9 v. Output is 10 

mw. T1 is 1.5" length of 3/8" brass rod with 

output tap 1/4" from bottom.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGruw-Hill, N.Y., 1966, p 301. 
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+12V 

FET HARTLEY—Delivers 680 mv to 50-ohm 

load at 100 Mc. Coil is four 3/8-inch-dia-

meter turns of No. 16 wire spaced to 0.5 

inch.—Fets Come Alive: Clinic Unveils Prac-

tical Circuits, EEE, 14:4, p 16-18. 

11407 

-12V 

100-MC COLPITTS—Uses conventional bipolar 

transistor, which has low noise in operation 

from low-impedance voltage generator. Tem-

perature drift is much greater than with fet. 

—Fets Come Alive: Clinic Unveils Practical 

Circuits, EEE, 14.4, p 16-18. 

CRYSTAL-OR-CAPACITOR OSCILLATOR—Gives 

high stability from 800 kc to 3 Mc, from 0 

to 65°C with either crystal or capacitor. 

Optimum operating frequency can be found 

and utilized by changing capacitor value Cl 

in range up to 500 pf, while awaiting de-

livery of CT-cut crystal at desired frequency. 

—T. Asai, Crystal-or-Capacitor Oscillator, EEE, 

12:3, p 72. 

SINE-WAVE TUNNEL DIODE—Series filter se-

lects desired frequency and rejects harmonics 

from pulse-shaped output of basic tunnel-

diode relaxation oscillator. Values shown 

give 0.45 Mc, constant within 0.05 Mc over 

bias range of 100 to 400 mv.—Wen-Hsiung 

Ko, Designing Tunnel Diode Oscillators, 

Electronics, 34.6, p 68-72. 

non, 

+ R bios 

V bb • 

+I.5V 

Vbb 

Lc 

00 

SINE-WAVE TUNNEL DIODE—Low-impedance 

capacitor in parallel with series- resonant 

circuit of tunnel-diode relaxation oscillator 

passes all frequencies except that for series 

resonance, giving sinusoidal voltage across 

output capacitor. Output frequency varies 

from 0.7 to 0.8 Mc over bias range of 100 

to 400 mv.—Wen-Hsiung Ko, Designing Tun-

nel Diode Oscillators, Electronics, 34.6, p 

68-72. 

ANDERSON 3d OVERTONE 

CRYSTAL, TOL 0.005% 

Ma min. 

›: loon 

47.1-MC TUNNEL DIODE-CRYSTAL OSCILLA-

TOR—Used in Fire Department service. Op-

erates within tolerance of quartz crystal 

from 55 to 85°C and bias range of 110 

to 150 mv for Citizens Band service.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 353. 

Ct, 
RA 

.0000 

VDC'HOrny 

loon 

-7,000I5mfd 

IN3712ITD-I)E 

VARIABLE-AMPLITUDE TUNNEL-DIODE OSCIL-

LATOR—Attenuating resistor RA varies mag-

nitude of oscillator swing, so oscillator op-

erates over limited highly linear portion of 

Cb 2 DC BLOCKING CAPACITOR 

RA ATTENUATING RESISTOR 

Z,„- R ( I + 

diode conductance curve.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 351. 



CHAPTER 57 

Phase Control Circuits 

differential amplifier VI is first stage of oscil-

lator. One input grid, for a-c amplification, 

goes to output of phase-shift circuit. Other 

6-VARISTOR PHASE-SHIFT VTO-Range is ten 

times lowest frequency, with upper limit of 

several kc, depending on values of C. Triode 

P-N 
PHOTO-
CELL 

+300V 

33K 

MAG 
REF 

-300 V 

iI2AT7 

470 I MEG 

V5A 12AT7F 
  V59 

K 

ADF PHASEMETER-Input signals are squared 

by Schmitt triggers, differentiated, and 

changed to unidirectional pulses that drive 

flip-flop V4 to produce pulse whose length 

is proportional to bearing of transmitter. 

PHASE - SHIFT OSC 
I2AU7 

1.047: 
MEG 

-300V 

+300V 
TO COUNTER 

10. 0 PULSE FORMER 
U— AND DEGREE 
,u,RF INDICATING 

COUNTER 

PHONIC 
WHEEL 

/ 

500-cps signal from phonic wheel is sharp-

ened by Schmitt trigger V7 and used to indi-

cate length of bearing pulse in degrees by 

modulating the pulse in V6. One output 

goes to denude ..o.nter chain that counts 

OUT 

grid goes to centertap across SiC varistors. 

-M. Uno, Varistor Network Controls Voltage-

Tuned Oscillator, Electronics, 34:30, p 44-47. 

1.2 MEG 

100 

1---

MEG 

-300V 

Veà 

680K + 12,AT7 

300V 

+ 300 V 

TO COUNTER 
PULSE FORMER 
AND NUMBER-
OF-BEARINGS 
COUNTER 

total number of degrees.-J. F. Hatch and 

D. W. G. Byatt, Direction Finder with Auto-

matic Readout, Electronics, 32:16, p 62-64. 

465 
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PHASE SHIFTER WITH LINEAR BIASING—Fre-

quency range of more than two decades can 

be obtained from voltage-controlled oscillator 

when linear biasing is used for phase-shift 

VARIABLE 
DELAY LINE 

FIXED 
DELAY LINE 

0.01 

—6V 
100K 

641(5 

0.01 

MEASURING PHASE UP TO 400 MC—Three 

plug-in tuning circuits cover range from 15 
to 400 Mc. Phase delay is compared with 

circuit.—R. A. Greiner and S. K. Morgan, Volt-

age Controlled Wide-Range Oscillator, Elec-
tronics, 34:51, p 31-35. 

200 500 

200 500 

220K 

2+ 

IX 

continuously variable delay standard with 

accuracy of 1% or 0.1 °.—Y. P. Yu, How to 

Measure Phase at High Frequencies, Elec-

tronics, 34:11, p 54-56. 

+150V 0.002 

TUBE REPLACES 180° TRANSFORMER—Elimi-

nation of transformer resonance effects at 

higher frequencies permits phase shifter to 

handle wider band of frequencies, from 500 

to 2,000 cps for component values shown.— 

W. G. Shepard, Phase Shifter Range Exceeds 

180°, Electronics, 31:19, p 96-100. 

360-DEG SHIFTER—One variable component 

provides phase difference between outputs 

that is adjustable from — 180 to + 180 degrees 

without substantial change in magnitude, at 

fixed frequency of 2,500 cps.—W. Bacon, Cir-

cuit Shifts Phase 360 Degrees, Electronics, 

31:23, p 94-97. 

35-MC OSC REACTANCE TUBES 

22K 

5,000eeF 

ERROR SIGNAL 

FROM PHASE DETECTOR 
AMPL 
ve 

6AU6 

1,200 
2µµF 

5,000F ....L 5cese F 

200µµF 

V2 
6AK5 

VI 

6AK5 47K 

20- MC 
REF IN 

I5,000µ,F T 
5,000µµF 

STEERABLE ANTENNA CONTROL—Phase-stab-
ilized 35-Mc uhf amplifier controls directivity 

of multi-element stationary antenna array. 

MAC .8 F 
5000 

680 

10µ,iF 

OK 

56K 
••••  

50»eF 

20MC 

22K 

2,200 

35MC 

10K 114H 200µmF 

1,1200 

100K 

5000µmF   

(FABRICATED/ 

MEG 

MIXER 
V6 

68E6 

200eeF 
003 

Ye, 
560 

V3 

6C4 

500K 

35- MC 
TUNED AMPL 

6X06 

50 

AMPL 

100ppF 601605 

10µµ F 

6,800 

68 5,000 

5,000µ»F= TµSF 

SSMC 

12µµF 

100 

22 
35C 

I2K 

5poo 
"F 

5p00— 
eF T  

1,200 

35- MC 35-MC 
TUNED AMPL TUNED AMPL 

100µµF 

V5 

6AU6 

500 

100F ±-• 

J2,j 22 
35 
MC 

12K 

00 5,000 

5,000 
µµF 

18yI4 

me' 

ItH A V 
1,500µµF 

100{µF  
R_di5,000µµF MIXE 

68E6 

IOF 

22K 

2,200 00 go:1 4 2 200 68 22K 
2,200 F 41 2Q0 5,000H .F T , 

18 H 

55M 

1,200 

I00µµF 

V6 

6AU6 

500K 

100 g-• 
µµF 

100 

OOK ioome1,81.tH elMEG 
-C-41 

47K 6,800 

I 5,000,,,,r i  1,200 

5 000µµF 

68K A20 
MC 

Phase of amplifie output is compared with 

input reference signal in phase-sensitive de-

tector. System keeps input-output error under 

2°.—E. W. Mariam, Servo Phase Control 

Shapes Antenna Pattern, Electronics, 32:1, 

p 50-52. 
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AUDIO 
FROM 
REC 

Vi •  
1/2 6A L 5 

!MEG 

3.9 MEG 
vs%  

6AL 5 

I MEG 

LIMIT , 
RELAY, 

K2 

NEGATIVE PULSE 
FROM CHARGE 
TUBE 
-L /1,10K 10K 

•+250V 
CD 

3 

12AT7 
V 

—  • • • 

AUDIO CONTROL FOR ANTENNA PHASER— 
Rectified audio in multiple-antenna aircraft 

receiver alternately charges C2 and C3 at 

grids of V2. Bistable mvbr V3 performs 
switching in synchronism with pulse genera-

tor so each switch position corresponds to 

change in antenna phasing. When peak of 
signal is passed and phase is reversed, V4 

pulls in K1 and sends control signal to con-

trol unit. K2 opens when difference in po-

tentials of C2 and C3 becomes excessive, 

forcing system to resume cycling until output 

is again maximized.—I. Dlugatch, Optimizing 

Antenna Switches and Phasers, Electronics, 

32:33, p 55-57. 

IN48 

V2 
I2AT 7 

+250V 

4250V 

100K 

+350V 

0.1 

500 I5K MEGIBe— 69K 

35-MC 
TUNED AMPL 

J100,‘KF 

12 (— TH ,F. K 
- *135NC 

12K 1,200 

5000 

5,000 

Tee' 

50 o 

6AU6 

100 

150V 
1 22 35 ,500 

K MC. /2 

12K 1,200 

5,000 

5poi"F 

18µH 

tom,F— 

1,500µF.F 1411 M 1,500F 

AMPL 

V,26AU6 

F 

AGC 

5sµF 6.8K 

27K 
5,000 
mev 

5,00011.F 

To 
MIXER 

A150M 

+230V 

22K 22K 

0.1 

0.1 lO. 

I.5MEG 

III  ve 

CONTINUOUS PHASE CONTROL—Potentiome-

ter changes phase relationship between syn-

chronizing voltage VI and output voltage 

V2, without affecting amplitude of output 

from free-running mvbr.—S. Tesic, Multivibra-
tor Provides Continuous Phase Control, 

Electronics, 39:15, p 102-103. 

CONTROL CIRCUIT CHASSIS 

8,200* 

.5 MEG 

8I- STABLE 
MuLTiVIBRATOR 

V7 

82K 82K 

240 240 

8,200 

CONTROL 
REACTOR 

IN538 

43K 

IN538 

43K 

B+ 

0.5 

PULSE 
GEN 

I2AU7 
VI 

24K 

6,800 

100K GATE 
5696 
V2 

IN538 

SHUT-OFF FROM  
MAX- LEVEL OR 
SET- LEVEL 
SENSING 
CIRCUIT 

C1 

8 

CHARGE 
TUBE 

1/2 6AL5 
V3A 

SIGNAL 
,THRESHOLD 

IMEG 

0.1 220K 

0.1 1.2MEG 

IN 
AMPL 
I2AV7 
V6 

TO V3 MAX LEVEL SENSING 
CHASSIS 

TRIGGER 
1/2 6AL5 

V38 

•  

82K e 82K 

0.1 

I MEG 2K 

DISCHARGE 
TUBE 
V4 

100K 
+230V 

STEP 
CONTROL 

1150; 
400 , 
CPSi 

+230V 

OUTPUT 6CL6 
V5 

10K 39x 

CURRENT IK 
LEVEL 

2 

300 

30 

TO ANT 
PHASER 

ASSEMBLY 

3007-

MAGNETIC 

AMPL 

3 68K 00 

+2309 

ANTENNA PHASING CONTROL—Used with 

two antennas on different parts of an air-

craft to insert artificial delay in series with 

one antenna so signal addition will occur. 

Contains staircase generator that charges Cl 

in steps until receiver threshold cuts off V2. 

8rx 1,000 
6 8 1( 

"AA  

Charge on Cl biases V5 to change magneti-

zation of reactor and thereby lock phaser 

automatically at optimum degree of delay.— 

I. Dlugatch, Optimizing Antenna Switches 

and Phasers, Electronics, 32:33, p 55-57. 
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1 0.L 

IN 

.2 5 0.25 

I 0.57  

1___, 0.25 _ 025 _ 0.5 

A- C 

+300V 

MODIFIED 
5.6K TR4F364 

0.011 68 
DISK' F 

= V6 

6AU6WA 
1,000µeJ 

I 4 

STANDARD 
100- KC 
IN 

Kr X 1,000 

+300V 

+300V 

33K 

0.51  100K,_ 

0.001 

I MEGe 

DIVIDE-BY-FIVE 
I2AT7WA 5725 

2.2 
MEG 

1N351 
D3 

120K 68K 

V7A 
12AT7IVA Vio 

..64U6VIA 

5Y 3 

COUNTER GATE 

1MEG 5.6K 

R3 

100K 

VII 

2.2K ,4V78 64U6WA 

R4 

100K 
-200V 

FIL 

0.5 
47K 

-200V D5- DIO 

IN35IS 

-r COUNTER 

GATE BE-707-AF EWFU 

1=-20 20 

1“ X 1,000 

DECIMAL COUNTER 

BE 707 
NSFU 

9 ci 

10 F 5725 

K I2AT7WA 

IN351 

120K 68K 

2.2 
MEG 

I MEG 

V3 

I2AT7WA 

IOW V4A 

2.2 C1 100K 

0.047 68 3.9K 

2.2 
100µµF 

27K +300V S IK DIVIDE-BY-FIVE 
390K 

0022 00°47 
500CPS 
REF 

PULSES 
IN 

-200V 
180K 
Q01 

CATHODE FOLL 

22K B2OK = TO DECRAAL NSFU- NORTH- SOUTH FINE, UNITS 0.01 
COUNTERS NSFT - NORTH-SOUTH FINE TENS 22K 

5.5MH NSFH- NORTH- SOUTH FINE HUNDREDS 
EWFU- EAST- WEST FINE UNITS DATA 
EWFT- EAST- WEST FINE TENS TIME 

= = EWFH- EAST-WEST FINE, HUNDREDS =- OUTPUT 

VI 2 

5727 

SELF-SYNCHRONIZED PHASE SHIFTER—Con-

sists of power supply, inverter, phase-shifting 

Selsyn, 100-cps filter, and output amplifier, 

used to vary phase of 100-cps frequency 

standard output by synchronization with 

WWV for studies of low-frequency propaga-

tion over long distances.—M. M. Newman et 

al, Sea-Going Lightning Generator, Electron-
ics, 33:30, p 53-55. 

BE-705-AN OR HPAC 44 
NSFT BE-705-AW OR HPAC 4A 

NSFH 

2.2K 

CATHODE FOLL 

2.2K 2.2K 

1MEG 39K 39K 

V154 
12 AT WA 

-200V -200V 3.9K 

  DECIMAL COUNTER 
BE-705 -AW OR BE-705-AW OR CATHODE FOLL 

HPAC 4A HPAC 44 I2AT7WA 

EW FT EW FH 

+300V 

TO 
RECORDER 
AMPL 

39K 390K 39K 

BLOCKING OSCILLATOR BISTABLE SWITCHES 

PIC-C83 

CATHODE FOLL 

270K 

27K 

5687 

L1 

DI 120K 120K D2 

IN351 

68K 

68K 33K 

39 ( 2127 3 

K »FF 

120K 120K 

270K 

T2 

TO 
CONTROL 
PANEL 
METERS 

+300V 

500 CPS 
NSF 
SIG 
PULSES 

100 'IF C86 IN 

II 

+300V 

39K 0.471  
270K EVIF 

500 CPS 

,,. SIG D3 
' 3 PULSES 

1N351 100µµF C86 IN 

33K 68K 33K e6131( 
-• • 

I2AT7WA 

DIGITAL PHASE METER—Measures phase angle mal counter during time between reference Jr., and H. E. Carpenter, Jr., Tracking Orbits 
between satellite signal and reference pulse. and signal pulses. Two channels measure of Man-made Moons, Electronics, 32:1, p 

Bistable switch operates as gate that con- phase angles of north-south and east-west 33-37. 

nects 500-cps pulse train to 3-decade deci- fine signals.—C. A. Schroeder, C. H. Looney, 
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PHASE MEASURING AT 30 MC—Double mix-

ing process linearly transposes phase shifts 

accumulated at 30 Mc down to 2 Mc, where 

they are accurately compared against cali-

brated 2-Mc reference signal. Samples of 

30-Mc and 2-Mc signals ore mixed in VS, 

and 32-Mc sum frequency is then mixed with 

phase-shifted 30-Mc signal from unit under 

test by V6. Difference frequency, equal to 2 

Mc plus phase shift, is amplified in V7A, fed 

through gate V7B, and associated circuits 

then superimpose this signal and that of 

2-Mc reference oscillator on cro to get dis-

play of phase shift.—A. Nirenburg, How to 

Measure Midfrequency Phase Shift, Electron-

ics, 31:35, p 46-47. 

30- MC 
OSCILLATOR 

2.5MN 
0.001 

--11 47K 
4 

CENT. FREQ.! SLOPE 
ADJ. I ADJ. 

2- MC 
OSCILLATOR 

VARIABLE 
DELAY 
LINE 

 TEST SG OUT SCOPE SYNC $IG 
MIXER GATED AMP 

6BE6 VK 

PHASE— SHIFT CIRCUITS, WITH EXPONENTIAL BIASING 

33 
47K 

2N1I8 
47 

6.8K 
33 

IN 748 

- 
IN748 

220K 
5 

0.1 

eH 

2N656 

I2K 47K 

2N404 
47 

220K 

2NII8 

6.8K 33 

GATED 
AMP 

ASTABLE 
MV 

0.5 
TO SCOPE 

vv‘ 

220K 

spi 

IN748 

0.1 

K 

2N404 

(2)2N656 
220K 

1.5V 

IK 5K 

5.6 

5.6 

VKC 

Vc 

100 NOM. 
D204 

68K 

10K 2.2K: 

2N702 47 

1N748 
10K IK 150 

2.211 

47 

820 > 270 

2é4404 I 2N1I8 

2N404 

47K 22K 3.3K 

47 1N34 

IN34 T—  47 

590 270 

10 

47K 

47 

2N404 2NI92 

22K 

E 

VARIABLE GAIN AMPLIFIER 

VOLTAGE-CONTROLLED PHASE-SHIFT OSCIL-

LATOR—Small-signal a-c resistance of junc-

tion diode, related to reciprocal of junc-

tion current ever two-decode range, is used 

CONSTANT GAIN 
AMPLIFIER AND RECTIFIER 

in two-section R-C phase-shift network act-

ing with amplifier and agc to give constant-

amplitude voltage-controlled oscillator with 

frequency range of over two decades.—R. A. 

_L 

OUTPUT AMPLIFIER 

Greiner and S. K. Morgan, Voltage Controlled 

Wide-Range Oscillator, Electronics, 34:51, 

p 31-35. 
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VOLTAGE-VARIABLE 90-MC OSCILLATOR-

Ceramic triode in 18-Mc crystal stage has 

high short-term stability, yet can be pulled 

about 2 kc by voltage-variable capacitor Cl. 

Fifth harmonic is amplified and buffered for 

use in measuring phase differences between 

two signals.-R. T. Stevens, Precision Phase-

meter for CW or Pulsed UHF, Electronics, 

33:10, p 54-57. 

470,46.8K 

'0.001 

18 MC I  ó" rZ 1-1F. 

47 

7, e 33 H 34 4 470pF 

(2) r 
0.001 

3314,5 wear IF SEC VOLTAGE e T, IS 

117 VOLTS EACH HOE OF CENTERTAP 

R2-47 0, 1/2 WATT 

Rs,F14-22 A. 't2 WATT 

Rs -  390 D. 92 *VT 

Re  2 7K , 1.5 WATT 

R7 50K LINEAR POT 

 3.3K, 5 WATT 

C, 02 INFO 

SCR,,SCR2- AS REQUIRED BY LOAD 

CR,,CR2,CR4,CR7-G-E INN395 

CR3 11,117761KEOULATING DIODE 

0, G E IN26413 

OPTIONAL CRe -A5 REQUIRED BY LOAD CURRENT 

L, -AS REQUIRED FOR FILTERING 

330 

PHASE-CONTROLLED D-C SUPPLY-Uses scr's 

in single-phase center-tap phase-controlled 

rectifier. D-c voltage across load can be ad-
justed steplessly from zero to maximum with 

R7. Single ujt QI develops gate signal to 

fire both scr's on alternate half-cycles.-

"Silicon Controlled Rectifier Manual," Third 

Edition, General Electric Co., 1964, p 140. 

+300V 

100K 
6.8 MEG 

220 

3 MEG 

56C 0.01 R,0 
imr.G 

00c 3 

120K 

0.5 MEG 

o I 

220 

2.2 
MEG 

0.5 

r-

 SEN 

+ 300V - 

100K 

22 MEG 68 MEG 

0.1 

ME 

270 

e, 

12A37 

0.01 

220 

1001E 

0.5 MEG 2 MEG 2.2 MEG 

0.1 0.5 
1E-

4.1 
H 

300V 

e270K 

300V 

33K 

30pF 

1.100K 

100 

+150 

30pF 

10K 

T  4 70pF 

43"F 

10 20"1-0 

47 

soL 
10K 10K 

0.1 r 4 05 

06 

200V 

E 

1 2-1N  

560 COI 
+300V-t-'.'. n_a_ 

100K 100K 
6.8 MEG 

220 

3 
MEG 

Es' 

V3 
25z7 

1201E 220K 

20 

2.2 
3.5 PEG MEG 

2 MEG 

0.1 0.5 

+300V  

6 8 MEG 

0.1 

6.8 EG 

270 

100K 

,2A.7 

2 
-0 

10 

0.01 

lOOK = 

120K 100K 

2.2 
3 5 MEG MEG 

,vv•-• 
2 MEG 

0.1 0.5 
-I(  

K. X1,000 

+200v 

331E 10K 10K 

01 

r--

68K7 

220 SMOG l0K 220 

27 

501‘. 
V9 

58N6 
1300V 

27 -4 

500 

560K 

o 013...-

7E57 Iee 
9e 
Ac 

36. 

+303V 2 

2 

4 

S4b 

5 
6 

8 

7 

15K 

COINCIDENT-SLICER PHASEMETER-Cathode- coincident slicer to drive direct-reading phase- solute accuracy of 1° and relative accuracy 
coupled limiters convert input signals to meter give good accuracy and stability for of 0.25°.-Y. P. Yu, Coincident Slicer Meas-

square waves and feed them to coincident input-signal fluctuations from 0.3 to 70 y and ures Phase Directly, Electronics, 31:37, p 

slicer. Self-adjustment of limiters and use of supply voltages from 94 to 135 v, with ab- 99-101. 
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SINGLE 
PHASE 
INPUT 
(50 CPS) 

C.T. 

100 T 

Cl C2 I 
0.2 /2F 0.6 g.F 

R1 

4260 

R2 

19.8K 

FIRING ANGLE CONTROL—Varying R from 0 from 0° to 180°.—J. J. Vithayothil, Variable-

to infinity shifts the three phase voltages Phase, Polyphase From Single-Phase Supply, 

1-KW A-C PHASE CONTROL—Inverse-parallel 

circuit is economical for manual control of 

lights, heaters, ovens, or fans.—"Silicon Con-
trolled Rectifier Manual," Third Edition, Gen-

eral Electric Co., 1964, p 138. 

ELECTRONIC SWITCH 

v, 2K 

6AU6 

0.1 
6AU6 

200 100 

50 
14.11F 
IN 

50K 

75K 
100 

+300V a- 150V i100-K 
100K 

= 50p.p.F 

680K +300V 

330 

96 
6AS6 

2K 

70K 

22K 
3.9.  

_100   
1P-P1240K 18K K  K 

200 

50.e 

µµF 

100 

+300V 

+300V 

270K 
V7 

6A56 

DELAY CIRCUIT 

ION 10K 
56K 56K 

FREQUENCY DIVIDER AND SWITCH GENERATOR 

PHASE DETECTOR 

8.2K 

3.9K 
I5K 

PULSE-CHAIN PHASEMETER—Measures phase 

difference as small as 0.005 deg between 

pulses of two nearly coincident pulse chains 

using electronic switch, mvbr phase detector, 

56K 

431.1././.F 
61307A 

P3 
6360 

C3 
0.5gF 

120°' 

2 

P3 

PI 

NEUTRAL  
0 

Electronics, 37:27, p 56-57. 

3,- - 
120° 

\ PI 

30° I 

COMPOSITE 
3- PHASE 
VECTOR 
DIAGRAM 

3- PHASE 

OUTPUT 

11,  1000 OHMS 

250,000 0011 LINEAR POT, 3300 OHM WIN 

0 3. 04  33,000 ON1A, I WATT 

C1- 0.1 PASO 

SCR,GC11 2- G-E C2213 

CGI.CR2 -  ONE G-E SRS3GDISADI OR TWO A40102000 

CR5- 101771 ZENER DIODE, ONE WATT, 22 VOLTS 

G-E 21326411 

Ti PE 2231, UTC HSI, SPRAGUE 93220 OR EQUIVALENT 

INTEGRATOR AND AMPLIFIER 

- V17 
56K 0.01 6AU6 

0.0068 

56µµF 

.7.(17:>--.8 'go 

560 6A56 

+300 V 
V11 

  61307A 

and diode synchronous detector. Output 

shows both sign and magnitude of phase 

ongle between two corresponding pulses in 

pulse chains.—F. Vratarlc, Jr., Electronic 

LP 
FILTER 

1MEG 

7K 2 I MEG 
IW 
^Vio 
too 6807A 

10.25 

2 V14 
(-6AU6 

+300 V 

56K 

200K I I 200 

200 

+300V 

12B4A 

1 MEG 
1500 OUTPUT 

K X 1,000 

ALL DIODES 
ARE IN458 

SYNC DETECTOR 

Switching in Phase Measurement, Electronics, 

32:23, p 60-61. 
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LAMP DIMMER—Silicon symmetrical switches 
QI and Q2 control phase angle at which 
current flows through 600-w fluorescent or 
incandescent lamp load. QI handles load 
current while 02 serves as symmetrical re-
laxation oscillator, with setting of RI deter-
mining point in each half-cycle at which 02 
fires. Since system is symmetrical, it cannot be 

damaged by transients or line surges.—S. B. 
Gray, Home and Auto Controls, Electronics, 
36:19, p 52-56. 

+20V 

REF ¡NP 

—5.4V 

+5.4V 

PULSE INPUT 
FROM N 

—20V 

LEVEL 
CONV 

LEVEL 
CONV 

2N706 

1N625 1N625 
>4 >4 

2N726 

R1 
C3 

0.01 1N625 2N706 

Riol R14 à1N625 

1N752A 

HOLD-SAMPLE-HOLD PHASE DETECTOR—Has 
two mas transistors as series switches and a 
third as impedance transformer. CS, C6, and 
C8 are charged to voltages proportional to 

500-1,200 
OHMS MIN. 

RESISTANCE 
IN POT. 

2N1132 

2N697 

2N726 

1 
R1 

R1 

MEASURING PHASE UP TO 2,000 MC—Out-
put is fed to cro having 100-kc bandwidth. 
In operation, time delay of both channels is 
equalized by applying identical signal to 
both inputs, then reference and unknown 

signals are applied to input terminals and 
variable delay line is adjusted again for null 
on chopper amplifier that drives d-c milli-
ammeter—V. P. Yu, How to Measure Phase 
at High Frequencies, Electronics, 34:11, p 
54-56. 

O1 

t200 

NPNPN 

1 LI 
p.H 

— 0.047 

o  

2N3608 

C1, 2 . 820 PF 

C3,4,5,6,7 0.01UF 

C8.1000PF 

C9" 820 PF 

LOAD 

600 WATTS MAX. 

A-C INPUT 

2N3608 OUTPUT 

R1,2,3,4 r 2K 
R5.1 8K 

R6,T,8,9,10,11,12,13,14 10K 
R18. 15K 

116,17 r 33 

R18.221( 

Rjg " 200K 

R20" 800 

R21' 3.9R 

phase difference between programmed di- uhf transceiver.—L. F. Blachowicz, Dial any 

vider's output and reference signal. Voltages Channel to 500 Mhz, Electronics, 39:9, p 
are summed with pretuning voltage to con- 60-69. 

trol vco of frequency synthesizer for military 
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DIAC-TRIAC PHASE CONTROL OF 5-AMP 

LOAD—Uses two types of semiconductor 

switches together with R and C to give con-

tinuous control of power. Addition of second 

phase shift network (enclosed in dashed 

box) extends range of control to cover 5 to 

95% of full power.—M. P. Southworth, Bidi-

rectional Static Switch Simplifies Ac Control, 

Control Engineering, March 1964, p 75-76. 

4150Y 

CASCADED TWO-TUBE PHASE SHIFTER—Pro-

vides phase shifts well over 180° with highly 

constant output voltage. Use of tubes in 

place of transformer gives wide-band opera-

tion, from 500 to 2,000 cps.—W. G. Shepard, 

Phase Shifter Range Exceeds 180°, Electron-

ics, 31:19, p 96-100. 

12V 

SNAP-ACTION A-C PHASE CONTROL—Pro-

vides snap-action switching of load in re-

sponse to change in d-c signal, a-c signal, or 

variable resistance element, using small dif-

ferentiating network R1-R2-C1 that peaks 

leading edge of pedestal. Triggering can 

occur only near beginning of each half-cycle, 

to give snap-on and snap-off action.—"Sili-

con Controlled Rectifier Manual," Third Edi-

tion, General Electric Co., 1964, p 135. 

6.8K 

6.8K 

HIGH 
IMPEDANCE 
CONTROL 
ELEMENT 

22011 

2N49IB 
OR 

2N241913 

PULSE 
OUTPUT 

HIGH-GAIN PHASE CONTROL—Use of two 

different sizes of charging capacitors in series 

increases effective gain up to 10,000 times 

that of conventional ujt/scr phase-control cir-

cuit. Eliminates need for two or three stages 

of transistor amplification.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 332. 

4.7 

10K 

INPUT I 

OV1 _L 
INPUT 2 

4.7 K 

Ir DI 

Y D2 

TP o 

TP21 

10 K 

I K 

1.3 K 

470 pF 

c, 

470 pF 

470 pF 

05 
03 D7 

06 
D4 1)8 

-.7 

+I2V  

PHASE-DIFFERENCE METER FOR 0.2 TO 20 KC 

—Measures phase difference between two 

sinusoidal inputs. Each limiter (Q1 and 02) 

drives one side of high-speed flip-flop 

03.04 through differentiating and clipping 

C2 

118K 

fl 33 KSI 
120v, 
60cps 

Load 

3T3riKalc2 

3-1251(11 

WT ZJ-257 
2N2647 T1 

Dual diode 
6RS5GDIBADI  

TRIAC-UJT PHASE CONTROL—Provides wide 

range of stable control without hysteresis at 

low outputs and without dependence on sup-
ply voltage. Triac eliminates need for tran-

sient suppression components that would be 

required with scr control and permits use of 

simple two-winding pulse transformer.—M. P. 

Southworth, Bidirectional Static Switch Sim-

plifies A-C Control, Control Engineering, 

March 1964, p 75-76. 

SMALLEST PHASE CONTROL—Miniature lamp 

No. 2128 with small, low-mass filament can 

reach firing level of light-activated scr in 

about three cycles with low applied voltage. 

As applied voltage is increased, this time is 

reduced to about 1 millisec when lamp is di-

rected across LASCR terminals, thus providing 

phase control. Lamp voltage is removed 

when LASCR fires, protecting lamp and re-

setting it for next half-cycle. Useful for 

dimming 25-w lamp or for controlling tem-

perature of small soldering iron.—"Silicon 

Controlled Rectifier Manual," Third Edition, 

General Electric Co., 1964, p 213. 

470 pF 

NORMAL : 

;18K 

circuits, giving square wave that turns on 

when one input signal goes negative and 

turns off when other input goes negative. 

D-c value of output voltage is proportional 

to phase difference, with about 11 y cor-

K X1,0 00 

1K 
DIODES ARE IN90 

TRANSISTORS ARE 
1.3 K 2N1499A 

5 K 5K REVERSE 

; 120 K 

REVERSE 

s  oTP4 

NORMAL 22 K 

 °TP3 

10 K 

120 K 22 LEVEL 
OUT 

C5I R5 4  

esponding o 360°.—J. R. Woodbury, Meas-

uring Phase with Transistor Flip-Flops, Elec-

tronics, 34:38, p 56. 
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- 12 V 

R3 

62K 2.2K 

INPUT 

0 TO 1VH 
rms 

10 

VARIABLE 0-180 DEG PHASE SHIFTER—Sin-

gle low-cost pnp germanium transistor cir-

cuit gives any desired phase shift between 

[J\ 

MID POINT 

OF DIPOLE 

12028 

10 0 F 

R2 

22K 

R4 

22K 
C2 

R5 

8K 

0.1 

+12 V 

0 and 180 degrees, at constant amplitude, 

for frequencies up to 3 Mc, by varying values 

of C2 and R5. Values shown give 90' shift 

AMBIGUITY RESOLVER—Prevents counting er-

ror when phase shift between two signals is 

close to 0 or 360 .— R. T. Stevens, Precision 

Phasemeter for CW or Pulsed UHF, Electron-

ics, 33:10, p 54-57. 

V3 

1/2 12AU7 

- 12V 

RFC 

CONTROL 

1,800 VOLTAGE A 

PHASE-SHIFTING ANTENNAFIER—Control volt-

ages A, B, and C together produce up to 180 

phase shift with adequate matching, for 

100µF 

pi 
150K 

os' 
R2 R4 NE-2 
150K 330K 

CONTROL 
VOLTAGE C 

1 220K 

VARACTOR 

OUTPUT 

0 TO 1V 
rms 

for 200 cps.—J. J. Collins, Single Transistor 

Provides Low-Cost Phase Shifter, Electronics, 

37:16, p 92. 

PHASE INDICATOR—Used to determine suc-

cession of phases of three-phase 120-v a-c 

source used in synchro work. Terminals A, 

B, and C are connected to terminals of source 

to be checked. If neon lamp comes on, inter-

change any two leads; light then goes out, 

and A, B, and C then indicate correct se-

quence. Also serves as phase failure moni-

tor, because neon lamp will come on if 

power on any one line is lost.—G. Richwell, 

Phase Indicator, EEE, 12:11, p 70. 

.033 et ( 60 CPS) 
47000400CPS) 

X/4 CHOKE 

100 F 

220K 

CONTPOL 
VOLTAGE 

VARACTORS 

beam-steering arrays. Ganged potentiome-

ters with appropriately tapered windings can 

provide the control voltages and relate beam 

 8R-F OUTPUT 

position to shaft rotation.—J. F. Rippin, 

ing the Antenna an A..tive Partner, 

tronics, 38:16, p 93-96. 

Mak-

Elec-



CHAPTER 58 

Photoelectric Circuits 

25 2V 
1AMP 

115V 

CATHODE 
[ FOCUS 

R, 
1MEG 

•—"V\r—• 

0.2 

24-K 

01.350 V 5MIL 
ZENER DIODE 

T° ' 

DYNODES ANODE 

') YY`7? ') YYP )-

C2 

0.001 

C3 C4 Cs 

0001 0.001 0.003 

PHOTOMULTIPLIER FOR GAMMA-RAY SPEC-

TROMETER- Flashes of light from scintillator 

crystal are picked up by EMI9579 photo-

multiplier to measure underwater gamma 

radiation, and amplified output of photo-

D4 

DI THROUGH D4 

ARE 1N645 

470 

r\F\22V 

D5 

1N1821 

VC'77ei\ o, 

LAMP CONTROL-Phototransistor QI senses 

lamp ; ntensity and controls firing angle of 

scr's 03 and Q4 through unijunction hua-

100K R, 

25K 

al 
" LS 400 
•••• 

C6 

0.01 

HIGH 
VOLTAGE 

Cl C9 

0.003 

C8 

—OPTIONAL 

SIGNAL 

AS RE0D 
12, 3 

12,4 1.0 -*NA" 
IK 

multiplier is fed to surface equipment through 

coaxial cable that also serves as 2,000-v 

high-voltage lead for anode.-G. K. Riel, New 

Underwater Gamma Spectrometer, Electronics, 

36:10, p 56-8. 

— 

0.25F 

•••• 

470 

02 
2N492 

100 

47 

sistor 02.-R. L. Carvajal, Phototransistor y 

: 

Regulates Illumination Intensity, Electronics, 6' I • 

3020, p 101.  I it I 

6.3 V 
20 AMP 

115V 
60J' 

475 
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-12V 

AGC FOR PHOTODETECTOR AMPLIFIER—Holds 

photodetector output signal constant within 

2 db for 4-db variation in ambient light 

LOADS 

A 

CR, 
IN676 w 

I PHOTO I PHOTO I 
I SENSITIVE AMP 

DIODE 

R1 

120-180K 

TO 
CONTROLLED 
OUTPUT 

FREQUENCY 
SELECTIVE 
AMPLIFIER 

level.— P. H. Sydenham, Photodetector Gain 

Control Aids Signal Discrimination, Electronics, 

38 23, p 111. 

+28 VDC 

GE-327 
40 MA 

FILTORS 
26 WDK6 
70 MA 

PHOTO AMP 

R3 

I5K 
R4 

15K 

2N338 

-28VDC 

PHOTO 
MEMORY 
AND 
LOAD 

24 PHOTO MEMORY 
CIRCUITS WERE ERASED 
WITH THIS ERASE CIRCUIT 1 

28 MA 

+28-0 V 

OUTPUT 

_J 

PHOTO MEMORY 
TO A ( LOADS) 

OUTPUT 
PUNCHED TAPE READER— Uses photo memory 

to drive loads, to keep signal applied to 

load until memory is erased. Lamp load can 

be used for verifying punched paper tape. 

Relay load controls circuit where it is neces-

sary to handle large currents. Relay used 

exceeds continuous rating of CR2, so one set 

01 

SIC 1004 

CRa 
SHOCKLEY 
4040 

CR3 
IN 676 

+28 VOC 

15K 

MEMORY ▪ ERASE 

GROUND HERE 
TO ERASE 
MEMORY 

TO OTHER PHOTO 
MEMORIES 

of relay contacts keeps relay latched. Resis-

tive load is used to drive logic circuits. Sensor 

can be either photodiode or standard 1N676 

diode with paint removed from glass case.— 

Photo Reader for Perforated Tape, "Electronic 

Circuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 207. 

LAMP-TRIGGERED SCR GIVES VARIABLE 

PHASE CONTROL OF POWER—Miniature 2128 

lamp with low-mass filament triggers light-

activated scr in 1 millisec when lamp is 

across scr and in about 3 cycles at low a-c 

lamp voltage. Potentiometer thus provides 

phase control of scr for dimming 25-w lamp 

or equivalent-wattage load.— E. K. Howell, 

Light-Activated Switch Expands Uses of Sili-

con- Controlled Rectifiers, Electronics, 3715, 

p 53-61. 

MULTIPLIER 
PHOTOTUEIE 

I 
L__ _ _ _ _ _  

— 

250K 

100K 

10011 50K 50 

100K 

00 K + 130 V 
MPT ANODE 
SUPPLY 

V32A 

27K 
Y 

BRIGHTNESSSK  
RECORDER  20T 

V301 

116HY 

CORONAMETER—Uses pola ized-light tech-

nique and closely controlled narrowband cir-

cuit to detect, observe, and measure otherwise 

invisible solar phenomenon. Circuit shows 

multiplier tube in optical head, with dynode 
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IOOK 

50 
KEACH V+ 

93I-A 
ME 

TO 
COUNTER 

I 
 . ..L.  

(-) 

MERCURY 
RELAY 

K•X Poo 

6AK5 

90V 1.2 K 

AUTOMATIC CALIPER-Photomultiplier and 

counter circuit on machine lathe feed re-

corder to give dimensions of printed circuits 

and photographic plates in increments of 

0.0001 inch.-S. Isaacson, Electronic Caliper 

Checks Printed Circuits, Electronics, 32:1, p 

44-45. 

VI 

7265 

ANODE 

30IK 

2NI248 

02 

IK 

tn 

56K 

560pF 

2N336 

1,000 pF 

HH 

200K 

IN703A 

( 3.45V) 

(N1 
ej 
1.0 

0.011.iF ( 7 

-/ -/ 
te tel 

K:rs" IC>) 

  PHOTOCATHODE 

e, r•V  

!LOCUS 1° YkG 

(", ej 
r,) 

+30V 

I K 

(N.1 ej 
1.0 

ej 

e C2 

0.047 

" T1 
0.047 - - - 

(  
111 

12  

j_ ' EDKO 0.068 
E-1559 

ej 
cr 

1.13 
MEG 

-2,400 V DC 

CI 
0.068 

Rti 

2,2;011 26v 

400 CPS 

(—OUTPUT 

0.022 

4,7 T  30V 
A-C MODULATOR FOR PHOTOMULTIPLIER-

Output of star-tracking photomultIplier is con-

verted to a-c by applying 400-cps modulating 

voltage to dynode 14, to make gain vary 

between nominal value and 1% of this in 

C 

3/4 M 
110E10 

square wave fashion. Amplifier passband is 

then 130 to 800 cps.-E. R. Schlesinger, Aim-

ing a 3-Ton Telescope Hanging from Balloon, 

Electronics, 36:6, p 47-51. 

V MULTIPLIER PHOTOTUEIE 
DYNODE SUPPLY 

:30K 
po.K _ 

27K 

1500 
V D-C 

68M 011 

01 

V321i 1 VIIB 

1 
TT 
50 
CPS 

560K 
0001 
VIA 

27K VARISTOR 

_J 

IM 

68M VI3A 

TT 
48 
CPS 

EOLM DRIVER +250 +450 

4250 
R4 

22K 

TT 
52 
CPS 

POLARIZATION SIGNAL AMPLIFIER 

supply, electro-optical light modulator (EOLM) 

driver amplifiers, polarization signal ampli-

fier, and synchronous detector.-R. H. Lee and 

J. G. Fullerton, K-Coronameter Observes the 

Sun's Electron Corona, Electronics, 34:41, p 

58-62. 

VI 126%7 VI4 26)(7 
J2 1261'7 VI5 2AU7 
V3 I2AU7 VI6 2AU7 
V4 5881 V30 2AT 7 
V5 5881 V3I 2AT7 
VII I2AT7 V32 2617 
VI2 I2AU7 V33 6S4 
VI3 12617 V34 6AC7 

0.1 
100K: 

D 

o VS 

10K 

0.01 to 

  1--

V166 

POLARIZATION 
MAGNITUDE EI 

SIGN 
RECORDER 

V168 

V158 

5M 

5K 
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NOISE SUPPRESSOR-Removes noise from out-

put of photodiode used in reflected-light 

shaft-position encoder.-F. W. Kear, How to 

Select Shaft-Position Encoders, Electronics, 

35:35, p 48-51. 

SET 

300 

LAMP PREHEATER-Unijunction transistor trig-

gers LASCR (light-activated scr) late in each 

half-cycle, with R2 determining lamp current 

so filament is heated but not visible. This 

preheating minimizes thermal stresses during 

LIGHT 
FROM 
PROGRAMMER 

programmed ope ation of lamps by control 

beam hitting LASCR, as for theaters or foun-

tains.-E. K. Howell, Light-Activated Switch 

Expands Uses of Silicon-Controlled Rectifiers, 

Electronics, 37:15, p 53-61. 

ZS 

+200V 0...220V +120V 

-30..r4OV + 65V I + 65V   

 • PHOTO 
DIODE 
OAP 
12 

0.025 

0.1 

150K 

BOK 

e 

V E 280F 

e 
-1(  
10 

IC 

AMPLIFIER / 

E 92 CC 
LIMITER 

I M 

1K 
SENSITIVITY 

CONTROL 
MARK 

SENSING 

-25V 

0-AMPLIFIER 

5nF 

3K 

DM 
DISABLE 

DM DZ 
DM DIS-  
ABLE PUNCHING 
CON- ,(PLUG BOARD). 

7 1 TROL '' SENSING 

• 13 1 
STOR4GE 

îg 12 

CLEAR 
CAM 

500K 

MM 
8K 

5696 
Fi erDZ 
CONTROL 

DIE 
ACTU-
ATORS 

20K 
5696 
DIGIT 
STAGE 

500 K 

4/12 20K 

5696 
500K 

4/12 20K 

5696 •-

045 045 045 

t4/12 20K 14/12 20K 

5696 o- 5696 
500K 500 K 

O. 
0 

O 

"M.  
I K 
I K  

• " 
I K 

• 
1 K 
'M•  
I K  

• 
I K 

•-NVM-4  
I K 

I XK  
• 

045 045 

045 

4/12 20K 

5696 
500K 

1 SENS 
045 CONTR. 

5nF 
4/12 o 

c‘z 
M 

CC CL 

CONT. 

500K 

TIME 
05 CONTROL 

•-

A 

045 

-5°V 100 K 
• Ye% 

O -THYR 

1045 IROA5 1045 

100 K 

100 K 
W.•  
100K 

g •••••• 
100K 
'ego%  
100K 

• •••••• 

WAS 2' 

100 K 
• 'Ng% 

'COA5 : 

100 K 
g Vev 

100 K 

100 K 
• W. 

WAS 'WAS ; 'WAS ! 

100 K 
—AAA,  

'COA5 

MARK SENSOR FOR CARDS-Automatically 

transcribes up to 40 pencil marks on specially 

printed 90-column cards into machine code 

• 
2 3 4 5 6 7 

PLUG BOARD, MARK POSITION EMITTER 

and block-punches information into cards in 

any desired format at 150 cards per minute 

-F. A. Frank!, Transcribing Field Markings by 

WAS 2' 

L SELECTOR 
CONTROL 

CONTROL 

ONTROL 

CONTROL 
COMMON 

o 

SEL. 
• o SENSING 

CAM 
CON- ° 

9  TACTS   

045 

3K 

3K 

5696 
SELECTOR 

ELEMENTS WITHIN 
DOTTED LINE ARE 
EXISTENT ONLY 
FOR EACH INDIV-
IDUAL MACHINE 

Optical Scanning, Electronics, 34:31, p 49-51. 
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PHOTOELECTRIC GAGING-Checks dimensions 

of machine parts while they are rotating. 

Fail-safe circuit assures that only satisfactory 

pieces are accepted. Sorter is initially cali-

brated to desired sensitivity with go and 

no-go gages.-J. C. Frommer, Fail-Safe Photo-

electric Inspection for Industry, Electronics, 

32:31, p 74-75. 

+300 

470 K 

120 K 

f  

4300 

68K 

22 K 

821( 

Vie 

124T7 

 • 

22 K 151( 

„100 K 

0.00 
Hf  

VI9A 

220K, 8 

1,000 
pF 

47K 470K1 I5K 

390 pF 

330 pF 

1N38A 
•  

12AT7 

V20 
12417 

1.8 K . 100K 22 K 

I5K 

1N75 

ipp.sEc 

..rr 50V 

-1f- e------
0.01 M9B 

IM 

5.6 K 

25 4.7 K 

II5V 
60 CPS 

TO COUNT 
RATE METER 

TIME 
DELAY V21 

IN75 47K 
lot  

C") 

330K 16012 

MEMOT4Y 
SOLEN • 
OID 

CHANNE_ 
SWITCH GEN 

PULSE 
IN 

PULSE SHAPER DRIVER 

IN 751r 6.3 V 
*-1 

-I2V Z  8 A-0 

V12 I2417 

22 K 

Z0.001 

470 K 

-• •-• 1,000 pF 
O.OI Z--1 0 0 I 
CHANNEL SWITCH   

0.01 

220K 

22 K 

VI 3 

120 K 

68K 
0.01 
I(  

6AK5  

4 r. 

TRIC ER AM PL 

I8 K 

100K _r 
100V 

PAPER 
/W IDTH 

120K 

122 K 

330K 

VI4 
1 

0.002 
6AL5 

- 10 V19 
6456 

IM 22K 

1201( 
•  

Is•  pi  
  IN75 

270K 

100K 

I.8 K 

V16 
6C4 

,I5K 

25V 
OV 

o 

331( IN 75 

470K J 4.7M 

- 0.1 

V17 12A7 

10K 4.7 M 

FROM 
PHOTO 
PRE -
AMPL 

47K 

IN FROM 
PHOTO 5.6K 
TUBE 
PRE - 0.1 
AMPL 10K 

47 K 

IN FROM 
PHOTO_I 
TUBE 1, 
PREAMPL 

10K 

15K 151( 

0.05 1,000pF 0.05 
rl 

(-47K 0.001 

5.6K 

150 

o 

5.6K 
5 I2AT 

101( 

IN75 

100K 

100K 

V6 

K 

470K 

0.5 

5.6 K 

100K 

33pF 

6AH 

10K 

0.05 

AMPL ULSE HEIGHT DISC CO INCIDENCE 

DR VER FOR 
GATE PULSE 

FEEDBACK AMPL FOR 
H V SUPPLY 

390KIM 33K 

0.05 I 0.1 
 IF-. (-

V„ _ 
12 ATF 

150K 

PULSE STRETCHER 

480 

250 

+300 

11100V 
II 

0.03 SEC 

I5K I5K 
0.05 

0.001 

tr, 

0.25 

150 
If 

47K 

5.6K 

VI 
12417 

10K 150 

AMPL 

0.001 

0.25 

RI 
100 

1K 

470K 

5.6 K 

100K 

33pF 

•  

6AH6 

V3 

6AH6 

1.5 K 

3.9 K 

0.01 

100K 0.5 10K 66K 100K IK 

PAPER FLAW DETECTOR-Locates defects n 

paper despite photomultiplier noise amplitudes 

comparable to flaw-signal amplitudes. Two 

identical phototubes are used, emit «ith iden-

tical preamplifiers, amplifiers, and pulse 

PULSE HEIGHT DISC DRIVER 

height discriminators. One phototube looks 

at paper ahead of other. Output of leading 

phototube is delayed to give same effect as 

if both looked at same area at same time. 

Pulses due to real defects then occur al same 

K. XI,000 

V4 
6AH6 

40V 100)4H (19 SECTIONS ) 

7VA - r - I 1,000 pF 

2.21( cm 
1 

+300 

7µ,SEC DELAY LINE 

time and pass coincidence circuit. Pulses due 

to noise are random in time and do not 

pass.-M. P. MacMartin, Sensitive Flaw De-

tector Solves Noise Problems, Electronics, 

3316. p 64-66. 
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R2 
I.5K 

R3 
1K 

TAPE READER—Simplified circuitry, few com-

ponents, storage capability, and output power 

above 20 w are advantages of using silicon 

controlled switch in place of multistage amp-

lifier for photoelectric paper-tape readers. 

Thyratron-like characteristics maintain output 

after photoelectric stimulus disappears, until 

cut off by control circuit. Asterisk on one pole 

of relay K indicates that similar pole is re-

quired for each bit in two-mode operation.— 
SCR Switch Eliminates Amplifier for Photo-

electric Readers, "Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

p 222. 

PHOTOCELL 
BRIDGE 

RI 
470 

COMPENSATION 
AMPLIFIER 

47K 

Cl i 
2N541 

Di PHOTOCELLS 
Su 

R4 
1.5K 

02 
650CI 

4.31< 

02 
2N535 

8.2K 

R10 
36K 690 

C1 
47 3.9K 

03 
2N535 

POWER 
FLIP-FLOP 

CHOPPER 

TI 
1N2175 i 1K 

BUFFER 

0.1 1  

2N 535 

- DOT 3 

TI 

CIO 

5,000 pF 

R2 

08 
21,1656 

PHOTOCELLS MONITOR DEWPOINT ON ME-

TALLIC MIRROR—Two photocells in bridge 

circuit develop error signal for bang-bang 
servo that uses power flip-flop to turn heater 

H of metallic mirror on and off, to maintain 

470 

330K 

200 

09 
2N2854 

1.2 

Oi 
2N535 

10 

06 
2N535 

180K 

31( 

AUTOMATIC LIGHT CONTROL—High-sensitiv-

ity vacuum phototube responds to illumination 

by changing mark-space periods of cold-

cathode mvbr so V2 is on most of the time 

when illumination is excessive. Thermal re-

lay then gets heated sufficiently to switch off 

lights.—P. Bergweger, Photoelectric Control 
Using Cold Cathode Amplifiers, Electronics, 

33:27, p 46-47. 

SSP1 
3A100A 

15K 

4 vd-c 

+ I 

2.2 

IK 

6 8K 

i..33uf 

SET MODE I  

SET MODE 2  

PULSE 
AMPLIFIER 

2.2 

6.8K 

07 
2N535 

100K 100K 

Sv-9 

FREE RUNNING 
MULT1V1BRATOR 

2K 2K 

28 vd-t 

MODE I. 
OUTPUT 

MODE 2 
OUTPUT 

PHASE 
DETECTOR +16.8 

F2 

39 

011 QI2 
2N535 2N535 QI3 

2N535 

03 

IN483 C8 
1,000 pF 

R22 
56K 

+13.2 

IN483 

F 
.23 
56K C9 

10K 

D6 

04 1,000pF IN483 R26 
IN483 a 

2K 

330 pF 

I(  

230 pF 

6.81( 820K 820K 6.8K 

1 1 

10K 

=100 

GROUND 

constant-thickness film of dew or frost on and P. E. Sherr, New App each to Weather 

mirror. Two-transistor chopper and a-c amp- Data: Every Plane a Station, Electronics, 36:28, 
lifier eliminate drift problems.—H. R. Farrah p 38-41. 
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R2 
6.3V 1 10 

1 I  
S 

-50V 

PHOTOREED 

r- - 

24V D-C 
PHOTOELECTRIC BANDPASS FILTER—Output 

of phototransistor varies linearly with input 

signal at resonant frequency of photoreed, 

to give function of bandpass filter.—Fre-

quency-Sensitive Control Uses Light, Elec-

tronics, 34:36, p 88-91. 

6K 

OUT 

2NI 302 

PHOTOSWITCHING CIRCUIT—Circuit provides 

amplification along with switching for photo-

diode mounted to pick up changes in light 

reflected by encoder disk.— F. W. Kear, How 

to Select Shaft-Position Encoders, Electronics, 

35:35, p 48-51. 

0.05 

IN IF 

R3 
47K 

LIGHT- TIGHT ENCLOSURE 
_ 

GE- 47 
II 

I R6 

01'1362 R1 
1 100K 

L _ - _ 

R4 

IM 

OUT 

PHOTOCELLS PROVIDE NOISE-FREE AUDIO 

KEYING—Photoresistors R5 and R6 isolate 

control function from signal circuit to avoid 

switching transients SI may be replaced by 

automatic pulsing circuit.—A. Martens, Noise-

Free Keying Circuit, Electronics, 35:13, p 53. 

ROTATING 
DISC 

PHOTODIODE PICKOFF—Used in measur ng 

servo system lag. Responds to slot milled 

near edge of rotating disk. Accuracy is 0.17 ° 

in either direction.-3. D. Habegger, Photo 

Diode Pickoff Gives Accurate Angular Refer-

ence, EEE, 10:6, p 37. 

TWO SARKES 
TARZIAN 
F-6 IN 
SERIES 

C . 151(10-12F INCLUDING 
CRO INPUT CIRCUIT 

(5) ( 7) 
052 5651 

FILTER WRATTEN WI06 

0.0154 TO CASE 
R C 0.15µS .  oes 

15µS 

MEASURING TRANSIENT LIGHT—Used with 

cro for measuring rapidly changing light 

output of flashlamps.—H. E. Edgerton and 

R. O. Shaffner, Measuring Transient Light 

With Vacuum Phototubes, Electronics, 34:34, 

p 56-57. 

15K 

54. 

C1 
0.001 

15819 

CELL-GROWTH MICROPHOTOMETER—Permits 

V34 V36 

100K 

direct measurement of transmittance while 

stained cells are studied visually at magnifi-

cation of 1,000 X. Beam-splitting mirror 

sends 90% of light to multiplier phototube. 

Maximum current sensitivity is 0.01 microamp 

full scale.— E. Gordy, Mic,ophotometer Aids 

Biologists, Electronics, 32:28, p 62-64. 

100K 

PUT 

(3) 
5651 

B-
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MOVING 
OBJECT 

CONVEYOR- LINE JAM DETECTOR— Interrup-

tion of light beam to light- activated scr for 

more than few millisec fires SCR1, opening 

relay. Momentary interruptions by objects 

moving normally on conveyor have no effect. 

SINGLE COLD-CATHODE AMPLIFIER—Actuates 

thermal relay directly from photoconductive 

cell, for turning on lights at sunset.— P. 

Bergweger, Photoelectric Control Using Cold 

Cathode Amplifiers, Electronics, 33:27, p 

46-47. 

It 

3.3 
50 C/S 
SUPPLY 

LIGHT-SOURCE STABILIZER— Feedback circuit 

generates precise pulses to control light level 

of photoelectric light source. Difference be-

100 
R2 

120 VAC 
60 CPS 

Circuit resets automatically when light is re-

stored.— E. K. Howell, Light- Activated Switch 

Expands Uses of Silicon- Controlled Rectifiers, 

Electronics, 37:15, p 53-61. 

D2 

F0100 

750 K 

ZERO 
METER 
ADJUST 

MEASURING FLASHES—Measures and holds 

intensity of single flash or total value of 

series of flashes.— C. R. Kerns, FET Circuit 

Stores Light Measurement, Electronics, 38:22, 

p 66. 

+12.6V 

2 

101, 

R4 

tween reference current supplied by zener 

diode and current from photocell is ampli-

fied by transistor chain and applied to 06 to 

39X 
R7 

i470 
Rg 

SZTI ZENER 
REF DIODE 

P. V. CELL 
FERRANTI MSI 

6.13K 

6.3V 

adjust lamp current.—J. R. Dyke, Illumination 

Stabilizer for Photosensing System, Electronics, 

34:52, p 44-45. 
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910K 

10K 

2NI67 

20K 
20K 

PROJECTILE GLOW DETECTOR-2N469A 

phototransistor detects brief low-intensity 

self-luminous shroud of projectile, and feeds 

high-gain pulse amplifier that elevates volt-

220K 

2NI67 

15 

2NI67 

27K 

age enough to ionize thyratron that initiates 

discharge of spark-source capacitor for shad-

owgraph photography.-0. H. Bock and P. L. 
Clemens, Aerodynamic Measurements in a 

:TZRTE4 PULSE _EL PULSE WIDTH MV 1 1 
CONTROLS 

ONE CONTACT 
FOR EACH 
PHOTOCELL 
RELAY 

100K 

0.05 

 1(  
0.005 VIA 

t 120K 

0.005 
3K 0.001 

3.3K 

K1 

(CONTACTS) 

6 VOLTS 
A-C 

82K 

EYE-MOTION MVBR 

photocell triggers mvbr chain. Starter-mvbr 

is triggered by positive pulse on grid of VIA, 

but remaining mvbr stages are triggered by 

negative pulse on cathode. Output pulses 

are taken from across 6,800-ohm resistor and 

a-c coupled to gate.— E. L. Thomas, R. Howat, 

and N. H. Mackworth, Tv Tracker Records 

Eye Focus Points, Electronics, 33:17, p 57-59. 

6.8K 
150K 

0.05 

V2A 

V28 --1(--1— e-

6.8K 

0.5 

TO IDENTIC41. 
STAGES V3-V5 

TRIGGERED IN 
0.001 SEQUENCE. 

DSI 

CHAIN—Illuminated 

LIGHT SHIELD_) 

SOUARF-WAVE GENERATOR—Intensity of 

light sets pulse and interpulse periods in 

ronge from 0.2 to 300 sec, using Schmitt 

—20V D—C 

trigger 01-02. Capacitor C is charged and 

discharged through diodes DI and D2 con-

sisting of collector-base junctions of 2NI393 

2NI67 

39K 

1MEG 

0.05 

OUT 

2NI226 

20K 39K E8K 

T5 
Hypervelocity Gun Range, Electronics, 34:44, 

p 33-37. 

PHOTOREED 

SIGNAL 1 
INPUT 

5,000 
TO 

6,000 

III 

=_ I.5V D-C 

TO 
EXTERNAL 
CIRCUIT 

SENSITIVE 
RELAY 

50V D-C 

PHOTOREED—Combines resonant reed relay 

with photosensor to give frequency-sensitive 

control in which switching of contacts is ac-

complished by electro-optical techniques. 

Photosensor is exposed to intermittent light 

when reed vibrates like shutter between lamp 

and sensor.—Frequency-Sensitive Control Uses 

Light, Electronics, 34:36, p 88-91. 

OUTPUT 

phototransistors.—A. K. Horvath, Photodiodes 
Control Pvlse Intervals, Electronics, 38:11, 

p 72. 
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15 

K.X 1,000 

ILLUMINATION TELEMETER—Prf rate of block-

ing oscillator, controlled by photocell out-

put, can be transmitted over telephone lines 

to give accurate remote indication of day-

light or other light intensity. DI, V2B, and 

PHOTOTRANSISTOR 
SHOWN IN CIRCUIT 

10K 

2N192 

2.2K 

SIGNAL OUTPUT 
2V.P. TO P. 

- + - 24V D- C 

PHOTOREED OSCILLATOR— Gives good sine-

wave output at reed frequency, using photo-

transistor to sense chopped light and transis-

tor to boost output voltage. Can be used for 

remote control, telemetry, and logic functions. 

—Frequency-Sensitive Control Uses Light, 

Electronics, 34:36, p 88-91. 

+3V 

PULSE GEN 

C . IN 

IN 4 61 

-3V 
OPTICAL PUSH-PULL COUPLING—Two gallium 

arsenide light sources and two high-speed 

silicon photoconductors provide push-pull op-

R2 
12K 

032 
V3 

+150V 

meter provide local indication. Maximum il-

lumination gives highest prf.—E. F. Hasler 

and G. Spurr, Ways to Measure Light Inten-

sity at a Distance, Electronics, 32:29, p 

48-49. 

CR 3 

120 
V AC 
60 
CPS 

CR 1 TO CR 5 GE 1N538 

FLASH-ACTUATED SCR DELAY—Fractional- cycle 

light pulse fires glass-window scr at any 

phase angle, while values of circuit compo-

nents determine number of cycles of conduc-

tion before turn off at zero current.— E. K. 

Howell, Light- Activated Switch Expands Uses 

of Silicon- Controlled Rectifiers, Electronics, 

37.15, p 53-61. 

tical coupling between integrated-circuit flip 

flop and buffer, with two transistors in push 

pull amplifier overcoming losses of optical 

PHOTOD ODE AMPLIFIER—Used with trans-

mitted- light encoder disk to produce pulses 

with correct amplitude and rise time to drive 

logic circuit.— F. W. Kear, How to Select Shaft-

Position Encoders, Electronics, 35:35, p 48-51. 

CR1- GE 1N536 
MT/ - GE 2N2647 

R1 

R3 

1K 

LIGHT-ACTIVATED SCR TIME DELAY—Boot-

strapped unijunction transistor interrupts load 

current at desired delay interval ( determined 

by RI and C1) after short pulse of light hits 

glass-window scr 18U.— E. K. Howell, Light-

Activated Switch Expands Uses of Silicon-
Controlled Rectifiers, Electronics, 37:15, p 

53-61. 

L8U/L9U 

Th-

LOAD 
330 
OHMS 

OUT 

4- 3v 

3V 
coupling.—T. E. Bray, Switching With Light, 

Electronics, 38:22, p 58-65. 



CHAPTER 59 

Photography Circuits 

MOVIE CAMERA FRAME-RATE CHECKER— 

Gives exact frame rate at each instant. Lens 

is removed for test. Light beam is projected 

into camera, and reflected back from pres-

sure plate in film gate each time shutter 

opens. Reflected beam is deflected into 

phototube that feeds Schmitt trigger. Differ-

entiated output goes to thyratron in circuit 

of meter that reads frame rates directly from 

5 to 64 frames per second. May also be used 

for checking projectors.— C. Owlett, Frame-

Rate Checker for Motion-Picture Cameras, 

Electronics, 31:37, p 88-89. 

MERCURY 
CELL 

258116 

54 

Q5 

2SC183 
04 
2SC183 

SI 

o  

rce 
6.3V - 5.2V 
A-C D-C 

PHOTOCELL 

FLASH NORMAL 

1 N60 

CHECK 

0.2-12K 

1.3-10K 

Di 

11,160 30K 

ELECTRONIC CAMERA SHUTTER— Uses six 

transistors and photocell to vary both aper-

ture and exposure time automatically ac-

cording to incident light, from range of 1/%30 

sec at f/2 to 1/500 sec at f/16. Transistors 

are split into two groups, each having a 

S3 

, o  

Schmitt trigger and output stage. One group 

warns photographer when light is insufficient, 

by turning on warning lamp, and other 

group dr;vr, solenoid that closes shurter ut 

right instant. If light is adequate, depressing 

shutter button further moves S2 to timing 

300 
eSeNes.  

47K 

Q4 
25416 2SA16 

100 

V4 
VRI50 

C2 
0 

....0.04 

R3 

100 

K r X 1,000 

2SD64 

position, and closes 53 to energize solenoid 

M1 and open shutter to smallest aperture. 

Mechanical governor then gradually opens 

con,era's combination shutter- iris until M2 

snaps ii closed under control of fn.—Open 

and Shut Case, Electronics, 39:17, p 153-155. 

485 
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I
I
6
V
 
6
0
C
P
S
 
P
O
W
E
R
 
U
N
I
T
 

CI 
1,000/4 F 

I 300V DC 
; SOURCE 

DATA RECORDING CAMERA TIMER—Controls 

exposure time and interval between expo-

sures over ranges between 0.1 sec and 2 

hours, independently of each other, by chang-

ing time constants with CI and C2.—J. G. 

Fullerton, Bistable Circuit Times Camera Ex-

posures, Electronics, 34:45, p 91. 

S 

1,200 
OHMS 

(CAPACITANCES 
»kt F UNLESS 

OTHERWISE 
LABELED) 

PUSHBUTTON 

50,000 

0A4G 

0.1 MEG 

INTEGRATING CAPACITOR 

SLAVE FLASH—Addition of light-activated scr 

to ordinary flashgun gives fast-acting slave 

unit, with response speed of only few micro-

sec to give perfect sync between master and 

slave. Use of Li between gate and cathode 

of LASCR prevents triggering by high-level 

ambient light because Li offers low impe-

dance to ambient and high impedance to 

flash.—E. K. Howell, Light-Activated Switch 

Expands Uses of Silicon-Controlled Rectifiers, 

Electronics, 37:15, p 53-61. 

R, 

500K 
TO 3M 

Cip I, 

NE2 

C, 
C.i 

TO 30 

83 

+180V --- • 

12 

NE2 

87 

8.2K 

Cl t 

2N525 

R5 

27K 

R2 2 
500K 
TO 3M 

+180V 

C2 
0.1 

TO 30 

84 

I c4 
-I- 0.01 

c3 

I°' 

+12V 

z Di 

02 

D3 

CD 02 

R6 z  D4 

5.68 

2N525 

  CONTROL 
° CONTACTS 

TYPICAL VALUES FOR 0.1 SECONDS ARE C1. 0.1MFD 

Ri,"1.1M 

NC 

CC 
"J 

T
O
 
E
N
 L
 A
R
 

PHOTOMULTIPLIER TIMER FOR ENLARGER— 

Quarter-watt neon lamps regulate dynode 

potentials. Graded-capacitor voltage divider 

across string of neons makes them fire in 

sequence, to eliminate variations in firing 

times and increase timing accuracy.—J. 

Markus and V. Zeluff, "Handbook of Indus-

trial Electronic Control Circuits," McGraw-Hill, 

N.Y., 1956, p 297. 
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KERR-CELL SHUTTER—High-voltage Kerr-cell 

pulser and parallel triggering synchroniza-

tion give 5-nsec exposure, with triggering 

time jitter less than 1 nsec. Power supply 

must deliver 350-amp pulse as 35 kv.—S. M. 

Hauser and H. Quan, Applying the Kerr Cell 

to Nanosecond Photography, Electronics, 

34:33, p 56-59. 
EXT 
PULSE 

PRINT 

115V, 

60CPS 

z 
I 

I-- 0 

:5 15 
(a ct 
ma-
I= 

r:)›. 

EXTERNAL 
TRIGGER 
PULSER 

E-378 

-HO KV 

PFN 

I 1 PULSE 
INVERTING 
TRANS-
FORMER 

ef — 

§ 56,000   TuCsT 
.1, R7 e 

csi 2050 

Hot Rollers in Industry, Electronics, 32:30, PHOTOGRAPHIC DRYER CONTROL—Copper 

drum. serving as single-turn shorted second-

ary of transformer, is heated by se.eral 

thousand amperes of induced current. As 

5V 3-CT 

§ 6SN7 
d 00015 

,000 

4 

C. 

CONTROL  TIMER  

FROM 
H-V +351(V 
POWER 
SUPPLY 

- 1 
R9THROUGH R, 4 t 

5,000 ; 
5,000.-dwA.--.-. 21 
%000-es.x."---.-• 3' 
10,000 wage----. 
IC1000-e."--- 5' 
10000 -o/we.----+. 6 
25,000 7. 
25,000 8' 
t25,000 9' 

T1MEKEYS 

KEYBOX 

INITBIAAFTeING 

6587 

2M 

PULSER 
MODULE 

KERR 
CELL 

EXPOSURE 
TIME 
CONTROL 
PPN 

o 

TO 
FILAMENT 
SUPPLY 

TO 
RESERVOIR 
SUPPLY 

CONTROL 
UNIT 

TO PHENOMENA UNDER STUDY 

MAGNIFICATION-COMPENSATING DARK-

ROOM TIMER—Pushbutton timer provides au-

tomatic compensation of exposure time with 

magnification of negative.—J. Markus and 

V. Zeluff, "Handbook of Industrial Electronic 

Control Circuits," McGraw-Hill, N.Y., 1956, 

p 296. 

drum heats up, transformer primary current 

decreases. When desired temperature is p 40-42. 

reached, KA energizes and Ti is disconnected 

by KB.—D. A. Senior, Temperature Cuntrol for 
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BOOTSTRAP TIMER-01 and 02 form one-

shot mvbr, with Q1 normally on. Cl charges 

toward 24 y through R1 and Dl. Voltage on 

Cl is followed by Darlington circuit Q3-04. 

Feedback from 04 to Cl gives nearly linear 

output voltage rise across emitter resistor of 

04, with length of time cycle varied by con-

[PRE-SS— TO ST—ART - o 
AUTOMATIC 

180K 

270K 

330K 

470K 
R14 

,e Rio 

2.2M 

o 

81(1,500 
100K 82K =-

47K 

S.2 

DECAY 
RATE 

ALL DIODES IN2071 

K X 1,000 

LBSIs:5 

EQUAL 

C6 C7 

--f 16 16 

X. 04 

INSTRUMENTATION CAMERA TIMER— Varies 

camera exposure rates and durations auto-

matically according to desired program. Trig-

gering rate can be constant and adjustable 

10K 

Cg 

1,500 

AUTO-
MATIC 
START / 
RATE 

R„ 

220K 

C2 

16 

D 3 

Sensistore  
resistor 
6809 

trolling emitter voltage of 05. Overall ac-

curacy of circuit, from 50 to 50 C, is 3%. 

Can give long time cycles for photographic 

and acid-bath control. All diodes are 1N2069. 

—Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 415. 

7 

FIXED 
RATE 
FINE 

50K 

RI2 

15K 

Au TO 

° / F1 X E 

FIXED 
RATE COARSE 

47 K 

5.6K 0'001 

EXPOSURE TIMER— Uses thyratron to stop re-

lay chatter. Gives long time delays with 

relatively small capacitance. Ordinary volume 

control covers complete timing range. Cir-

cuit is backwards relay, in which coil is en-

ergized except during timing interval. Relay 

pulls in at 10 ma and drops out at 6 ma.—J. 

Markus and V. Zeluff, "Handbook of Indus-

trial Electronic Control Circuits," McGraw-Hill, 

N.Y., 1956, p 291. 

R 

250K 

5.6 K 5.6K 

2NI88A 

2NI88A 

0.001 0.001 

 1 20v DC 

or variable for selected period between pre-

determined initial and final rates. Monostable 

mvbr 02-Q3 determines length of triggering 

pulse that operates relay Kl.—B. E. Bourne, 

2NI8811 

110 V AC 

2N1884 
• 

J_ 

Variable-Program Triggering Source, Electron 

ics, 33:37, p 76-77. 
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O 

o 

10.000 08 3/1/R80 

5 
o 

01 

C 25 

ut  

0-100 
D-C 

117 N TOT 

1,000 

o 

;8 
ul 

500 

_C3 
T4 

R, 700 MEG IRE MVG- 13 

EXPOSURE INDICATOR FOR ENLARGER—One 

leg of Wheatstone bridge is unbalanced by 

light shining on phototube. Sensitivity of cir-

cuit is adjusted to match speed of enlarging 

paper with potentiometer that changes d-c 

voltage applied to phototube. Meter can be 

calibrated directly in seconds of exposure.— 

J. Markus and V. Zeluff, "Handbook of In-

dustrial Electronic Control Circuits," McGraw-

Hill, N.Y., 1956, p 291. 

START 
PULSE 0.001µF 
INPUT 

A ir 

o 

1' •  

Eco 

Cu 

VERT-
ICAL 

DRIVE 
PULSES 

RESET 

2D2I V, 

S 

cc 

BIAS 

75 

47K 

•— /VV\f—• 
100K 

5 0 2,4/,41 F e 

•  

2D2I V2 

4.7K 

o 

SINGLE-FRAME TV PHOTOGRAPHY TIMER— 

Uses four thyratrons to switch on picture tube 

for exact 1/30th-sec interval required to com-

plete two interlaced fields and give clean 

photograph for open-shutter still camera. 

Vertical drive pulses from tv sync generator 

—24 VOLTS 

CAMERA SHUTTER CONTROL—Keeps camera 

shutter open for predetermined iimc, to 

photograph scope as radiation pellet moves 

Di 

.1 1N645 

042 IN34A 

KINESCOPE Y 
FILAMENT 

KINESCOPE X 
FILAMENT 

250V 

KINESCOPE 
CATHODE 

R 4 VERTICAL 
TRANS-
FORMER 

K X 1,000 

provide time-reference triggering. Stabil-

;zed high-voltage supply minimizes defocus-

ing.—A. A. Tarnowski and K. G. Lisk, Timer 

Shutters CRT for Single Frame Photos, Elec-

tronics, 31:15, p 83-85. 

—12 VOLTS 

5K 

Q2 
2N599 

It D2 

1N645 

R 

TRIM POT 
50K 

SWEEP 
OUTPUT 

.5 K 

Q3 
2N599 

75K 

Q 4 
2N599   

I.5K DELAYED 
PULSE 
OUTPUT 

0.001/4F 

390 

0.004/LE 

62K 

•  

past a succession of radiation detector tubes 

fnring conveyor belt. Pellet interrupts light 

beam to start sweep. RS and Cl control 

750 

+12 VOLTS 

reset time of sweep.—R. L. Nuckolls, Slow 

Sweep Generator Controls Camera Shutter, 

Ekctronicr, 38.16. p 82, 
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0 00275 
FROM 
RECEIVER 0.75 

10K 

R4 
2K 

0A2 

5K S, 
-Wh-4o 

K2 

5K 
6X4 

20 TO 
SAFELGHT 

1 0.047 v2 

082 2821 

I MEG 

0.0027 

IMEG 

.2 

IMEG 

V3 
AL5 
V4 

0.1 6AU6 

2.2 
10 

22 

:  

K.XI,000 

- 
0.0056 

)A, 

IK 
*Ye.  

TO 
ENLARGER 

10 

-0.01 

-0.01 

-10 MEG 

V, 
-2021 

115V 

PRINT TIMER-Uses radar phantastron circuit seconds and R2 regulates contrast.-J. D. 

to give correct combination of exposure time Weir, Print Timer Controls Density and Con-
and color filter for desired contrast and trust, Electronics, 31:7, p 108-109. 

density. R1 sets exposure time from 6 to 60 

131( 

-I0V 

2.2K 

Q' 

0.68 T-  0,03 3.9K 3.3K 680 

PULSE LOCATOR 

025 

2N404 D2 

2.2K 

D 013 
IN457 
-  

D4 2N404 

8.2K 

I8K 
2.2K 20K I 2K 

22K 03 

2N404 

470 03K 

I N4S 

D 

I5K 

2N404 

100K I.2K 5.1K Q33K 
4 

IN457 

06 

-110V 

INPUT FILTER AMPL PULSE 
(3.5 KC) 

MSMV MSMV 
2 

MSMV 
3 

2.2K 2.2K 

TRIG- OUT-
GER 
IN F&UT 

0 13 

2N404 25404 

680 

L_  = TYPICAL MSMV _j 

RECTIFIER 
SCHMITT 
TRIGGER 

10K 

PI  
1N457 

Oi  
08 

1N457 

1.5 410V 

Q6 

(: )1N457A• 

IN457 

2.2 K 150K1 5 

68K 2.2K 2.2K 
7.5K 

07 08 

7K 2N404 .5 

25356   

470 . I5K 

1-  

2N333 

MASTER 
PULSE DET -I2V 

15538 
RELAYS FOR i 14 
CAMERAS 1621  

39K 2.4K 
09 

25356 
9.1K 

- 10V 

2N356 

4.74 

10 

012 

Q 11 

2N10088 

253768 

GATES PEAK RECT SCHMITT POWER 
0 AND INTEG TRIGGER AMPL 9 

15457 RELAY CONTROLLER FOR CAMERAS I & 2 

DI, K = X 1,000  
TO IDENTICAL RELAY 

IN457 CONTROLLER FOR DIODES ARE 1N99 UNLESS 
  CAMERAS 38 4 OTHERWISE SPECIFIED 

+12V 

CAMERA CONTROL-Circuit separates 3.5-kc squares pulses at Schmitt trigger. Four cam- Hawn, Camera Control System for Rocket 

pulses from other subcarrier signals at input eras can be controlled by system from single Sled Tests, Electronics, 33:14, p 63-65. 

filter, then amplifies, rectifies pulses, and 460-Mc radio link.-F. M. Gardner and L. R. 



CHAPTER 60 

Power Supply Circuits 

7-KV CRT SUPPLY—Provides high-voltage 

source for screen grid and final anode of 5 

to 12-inch magnetic-deflection cathode-ray 

tubes in equipment having full or partial 

transistorisation. Full-wave d-c to d-c con-

verter, with transistor load connected be-

tween voltage source and emitter, permits 

attaching collectors to grounded or chassis-

connected heat sink.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. II, Semiconductor Device 

Circuits, PSC 6 (originally PC 202), p 6-2. 

+1 47 

10K 
I % 

22K 
% 

2N1132 2N1132 

1,800 pF 

2N929 

CD3138 
177 K 

I % 

1,800 pF 

2N929 

251(.> 
VOLTAGE 
ADJUST 

'.0TE : 
ALL DIODES FD200 

D-C/D-C CONVERTER USES 10-KC MVBR— 

Free-runnin9 mvbr and squart-hysteresis-loop 

transformer together fire QI and Q2 alter-

nately to give constant frequency independ-

RI 
33 3 mH OUTPUT 

I5V D-C ± I% 

ent of changes in input voltage, while vary- —E. Josephson, Satellite Power Supply has 

ing pulse width to give voltage rewilation. Variable Pulse Width, Electronics, 35:8, p 

Short-circuits cannot damage power supply. 47-49. 

 AA A  
VVV 

R2 
5.6 K 

 IF-
300 pF 

300 pF 

 It 
5.6 K I K 

2NI717 

75T 
120 T NO.22 
NO.26 

120 T 
NO.26 75T 

NO.22 

2NI717 
01 

Unless otherwise stated 
R in ohms; 
C > I in pf ; 

2N 1722 

2N 1722 

CR I 
INI147 E 

7 KV 

400V 

TEST 
POINT 

INPUT 
_ 20-34 V D-C 

47 - - 0.ImH 

150 

491 
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IK 560 IK 

II5V AC OUT 

ANALOG VOLTAGE SOURCE— Consists of 

bridge-rectifier supply with R-C filtering and 

zener diode regulation, feeding control po-

tentiometer that is isolated from load by 

grounded-collector transistor. Used as analog 

voltage source for computer circuits.— E. R. 

James, Semiconductors Provide Analog Volt-

age Source, Electronics, 31:33, p 96-100. 

INPUT 
22-30 
V, DC 

R1 

30 

DI 

1N2979 

D2 
1N2069 

1 

Cd 
1 

KV 

HERMETICALLY SEALED 

3.6-KV OSCILLATOR-TYPE SUPPLY—Single 

pentode in audio oscillator circuit provides 

sufficient power for step-up transformer and 

output rectifier filter. Used for dark-face cri. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. 1, 

Electron Tube Circuits, 1963, p N14-3. 

PHOTOMULT1PLIER 7117 

0.001 0.001 0.002 0.005 0.01 0.02 0.05 0.1 

1.5 

0.1 0.2 0.3 0.4 0.5 

PLATE CURRENT IN MA 

PHOTOMULTIPLIER SUPPLY—String of Cock-

croft-Walton voltage doublers multiplies a-c 

output voltage of blocking oscillator to step 

up battery voltage to required 2 kv. Regula-

Ql 
T1487 

12K 

R7 

100 

R3 

100 0 TO 6V DC 

Q2 
2N526 

100 

C3 5i.2K 

R5 

0-1,200 V REGULATED SUPPLY FOR PHOTO-

MULTIPLIER—Silicon diodes in R-C filter net-

work gives 0.5% regulation over entire d-c 

03 

2N526 

output range, with temperature coefficient 

only 0.1% of output voltage per deg C, for 

photomultiplier stage in airborne equipment. 

^ 22 

0.22 

ALL DIODES 
1N629 

lion is reasonably constant up to 0.4 ma 

plate current.— R. P. Rufer, Battery Powered 

Converter Runs Multiplier Phototube, Elec-

tronics, 33:28, p 51. 

04 
1N3286 

OUTPUT 
0-1200 
V, DC 

—J. G. Peddie, Network Filters Stabilize d-c 

Supply Over Wide Range, Electronics, 37:18, 

p 83. 
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OSCILLATOR-TYPE SUPPLY—Article gives basic 

design equations for d-c to d-c power supply 

usin3 power transistors. Efficiency is up to 

90%. D-c output voltage is 590 y for 3,500-

ohm load.— T. Hamm, Jr., Equations for De-

signing Transistor Power Supplies, Electronics, 

32:43, p 122-124. 

TRANSISTOR-TESTING SUPPLY—Six taps on 

transformer, plus range switch that transfers 

negative bus to 24-v tap, provide choice of 

nine constant outputs from 3 to 36 y d-c.— 

F. W. Kear, Laboratory Supply for Transistors, 

Electronics, 35.30, p 55-57. 

6.5-KV TWIN-TRIODE A-F OSCILLATOR CRT 

SUPPLY—Oscillator develops square wave be-

cause of saturable square-loop core material 

of transformer. Diodes eliminate extra load 

placed on oscillator by high-vacuum rectifier 

300V 
TRIGGER 

INSULATOR AND 
HIGH— VACUUM 
SEAL 

tube filaments.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N14-5. 

PULSER 

5C22 

0 -22K 

SOURCES 

H V ( 31(V-15KV) 

IgF 

COPPER 
OUTER 

ELECTRODE 

BUTTON 

ENERGY 
STORAGE 
CAPACITOR I 
(20KV, I5µF) CERAMIC 

INSULATOR — 

WALL 
TO HIGH 
VACUUM 
SYSTEM 

COPPER H—V 
ELECTRODE 

COPPER WIRE 
ELECTRODE 

TRIGGERED THYRATRON PULSER—Coaxial rail 

gun generates high-velocity copper plasma 

when triggered by series-connected button 

guns energized through transformer by thy-

ratron pulser. Vaporized copper from buttons 

r-

COPPER OUTER 
ELECTRODE 

shorts main 15-mfd capacitor, vaporizing in-

ner copper high-voltage electrode.—M. F. 

Wolff, Plasma Engineering—Part 1: Generat-

ing and Heating Plasma, Electronics, 34:28, 

p 47-53. 

HERMETICALLY SEALED 

5-KV A-F PENTODE-OSCILLATOR CRT SUPPLY 

—Pentode audio oscillator uses simplified cir-

cuit to furnish only second anode potentiul 

Z 1401 

for crt.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," Vol. 

1, Electron Tube Circuits, 1061, p N14-4. 
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5763 

I 0µ1 

Unless otherwise stated . 
R n ohms ; L in ii.h; 
C>I in pf ; C< I in /1f 

1.220V 

660 

10 

66,2HERMET1CALLY SEAL4 +7 ,, v 

400V 

PENTODE 7-KV A-F OSCILLATOR-TYPE CRT 

SUPPLY—Example of 1958 circuit design, in 

which transformer, rectifiers, and filter are 
660 hermetically sealed in metal container. Oscil-

lator frequency can be anywhere in range 

from 1 kc to 100 kc.—NBS, "Handbook Pre-

220V ferred Circuits Navy Aeronautical Electronic 
-  

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N14-2. 

5763 

1.0/1f 

660 

CR 5001i 

660 

1.L .7,0 _G2 1:49\1.,_i_.< 

5 FP7-A 
660 z0.01 ; 0.01 

-220V 

-4-220V 

660 

e 
• o 

DUAL-TRIODE 7 KV CRT SUPPLY—Serves as 

high-voltage source for screen grid and final 

anode of 5 to 12-inch cathode-ray tubes. 

CRI and CR2 are each six 1N588 silicon 

diodes in series. Operating frequency is 

about 450 cps for twin-triode tuned-plate os-

cillator having high L-C ratio.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 6, p 6-2. 

GAT 
SCREEN GRID 

'Y 380V 

7 KV A-F PENTODE-OSCILLATOR CRT SUPPLY 

—Pentode feeds hermetically sealed unit con-

taining transformer, paralleled 1B3's, and 

HERMETICALLY SEALED 

7-KV OSCILLATOR-TYPE CRT SUPPLY—Audio 

oscillator provides screen- grid voltage for crt 

directly and second-anode voltage through 

high-voltage transformer and rectifier-filter.— 

NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. 1, 

Electron Tube Circuits, 1963, p N14-2. 

HERMETICALLY SEALED 

1M 

74M 

74M 

10M 

5 - +7KV 

4 +400V 

filter.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," Vol. 

1, Electron Tube Circuits, 1963, p N14-4. 
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GEIGER-MULLER SUPPLY-Uses blocking oscil-

lator to provide three stabilized levels of high 

voltage, at 900, 1,000, and 1,100 v, for 

G-M tube. Corona discharge tubes are 

switched in to provide regulation.-F. E. 

Armstrong, Battery Powered Portable Scaler, 

Electronics, 33:19, p 74-75. 

GND 

D-C/D-C REGULATED SUPPLY-Efficiency is 93% 
in converting 28 y d-c to 25 and 50 y d-c for 

telemetry transmitter. Regulation Is achieved 

by storing energy in magnetic field of cod 

14 KV AND 385 V FOR DARK-FACE CRT-

Uses two pentodes in parallel in a-f oscillator 

to provide sufficient power for final anode 

potential in oscillator-type supply.-NBS, 

115v 

I 2K 
W 

TI - 42 
0.1 
200V 

100K 100K 

TG 42 
0.1 
200V 

THORDARSON 
TR-I01 

11E: 
I 2K 

VARIABLE REMOTE POWER SUPPLY-Permits 

varying output d-c voltage of scr power sup-

ply without changing a-c input voltage. Con-

duction time of scr's during each half-cycle 

determines average power delivered to load. 

Conduction time is controlled with pulse gat-

1 2 

during half of each switching cycle created 

by transistors Q1 and Q2 after Q3 initiates 

switching cycle SCR CRI and diode CR5 con-
trol percentage of time switching transistors 

750 il4KV 
HERMETICALLY SEALED 

6 3V 
I AMP 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. I, Electron 

Tube Circuits, 1963, p N14-3. 

WESTINGHOUSE 
11059 
II5V-36V CT 

TI - 150 

X X 

Y Y 

DC 
OUTPUT 

4000 pfd 
25V 
MALLORY 
HC- 2540A 

ing circuit that is synchronized with a-c line 

and is phase-variable. Provides maximum 

output of 60 amp at 20 v.-B. F. Gilbreath, 

Variable High Current Remote Power Supply, 

EEE, 10:12, p 27-28. 

+25 V 

D-C 

 _L— 25 V 

+50 V 

O-C 

50 V 

are on.-N. Downs and B. van Sutphin, Solid-

State Transmitter Ready for UHF Telemetry, 

Electronics, 37:17, p 76-80. 
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220 4.10V 

001 

0.01 

4.8-KV OSCILLATOR-TYPE CRT SUPPLY—One conventional line-transformer supplies.—NBS, 

of earliest circuits in which a-f sine-wave "Handbook Preferred Circuits Navy Aeronau-

oscillator was used as power source. Filter tical Electronic Equipment," Vol. 1, Electron 

capacitors are significantly smaller than in Tube Circuits, 1963, p N14-2. 

T,: 4,18 T # 16 AWG 
Ns= 290 T 25 AWG 

T e22 AWG 
Core: Toroid, Magnefics, Inc 51026 ID 

or equivalent 

120-WATT D-C/D-C CONVERTER— Circuit 

boosts 28 y d-c input to 400 y d-c with 85% 

efficiency, drawing 5 amp and operating at 

CRT 
GRID 2 
+450V 100K 

2N217 

10 kc.-120-Watt D-C/D-C Converter Operates 

From - 55° to 125 Electronics, 36:2, p 15. 

= 0.02 
300 T 
NO. 38 

3.3K 

z 0.1 

ally sealed transformer- rectifier-filter unit.-7 KV AND 450 V OSCILLATOR-TYPE CRT SUP-

PLY—Pentode audio oscillator feeds hermetic-

20,000 T 
NO. 38 

2 

220 
22 

I2V 

2.5 

V 

22 

220 

47K 

ALL TRANSISTORS 

111  * 
K = X 1,000 

TYPE 2N278 

* 10 - TURN HIGH -RESOLUTION POT 

DUAL-POLARITY VARIABLE D-C SUPPLY— 

Diagonally symmetrical power transistor cir-

cuit permits smooth load current variation 

over range of several amperes at either 

polarity. Rectifier supply can be used in 

place of storage batteries. Maximum current 

drain from two 12-y dry cells in 5K po-, 

tentiometer control circuit is 7 ma.—R. R. 

Bockemuehl, Transistor Rectifier Gives D-C of 

Either Polarity, Electronics, 32:25, p 76. 

1 N3286 10.01 

IN 3286 

— 001 

5,000 V D-C FROM 26 V D-C—Uses transistor 

as sinusoidal oscillator. Voltage-doubling ca-

pacitors keep ripple below 0.01%.—R. D. 

Morrow, Inexpensive Converter Gives 5,000 

Volts D-C, Electronics, 35:28, p 54. 

HERMETICALLY SEALED 

Aeronautical Electronic Equipment," Vol. 

NBS, "Handbook Preferred Circuits Navy Electron Tube Circuits, 1963, p N14-4. 



CHAPTER 61 

Preamplifier Circuits 

620 Kt 
150 
10 v 

.1 ofd 

cH 

Input 
o  

470 K 

9.1 K 

2N2411( 

2N2386 
S • 

300 K2, 24 K. 

68 of 
+I   

10 

• 

62 K 

FET-PNP BOOTSTRAPPED SOURCE-FOLLOWER 

—Drain and gate divider are bootstrapped in 

phase with source, to reduce input capaci-

tance of fet to minimum so only real part 

of input impedance is seen at high frequen-

INPUT 
2,000 AI 

I 10pF.7-

X 
IN 

FEEDBACK 

ELECTROMETER PREAMP—Transformer 11 

feeds drive coil of vibrating capacitor Cl 

used in place of conventional chopper for 

2N24Il 

©2N929 

1 t< 

cies, in unity-gain high-input-impedance wide-

band preamplifier. Low-frequency input im-

pedance is 100 meg. Frequency response is 

" 
OUTPUT 

measuring picoampere currents. Output of 

electrometer, taken f.om 02 of preemp, goes 

to amplifier that is source of feedback signal. 

1N757 

§I0 K 

o 
+18 

10 of 

+I H ° 
20 

Output 

within 3 db up to 10 Mc for 50-ohm genera-

tor resistance, to 1 Mc for 100,000 ohms, 

and to 0.1 Mc for 1 meg.—Texas Instruments 

Inc, " Solid- State Communications," McGraw-

Hill, N.Y., 1966, p 138. 

100 K 200 
lie X 

6-110V 

r-f 100 

4  

K200 

OUT 

110 VAC 

—V. J. Caldecourt, Using a Vibrating Capa-

citor as an Electrometer Input, Electronics, 

35.14, p 48 50. 



498 SOURCEBOOS OF ELECTRONIC CIRCUITS 

INPUT 
50 OHMS 

18,000 6,800 

220,000 

27,000 

56 

TUNING,' e 

+I50V 111 OUT 

D-F PREAMP—Negative feedback provides of preamp feeds receiver through 100 feet of 

stability, yet gain is sufficient so noise contri- 100-ohm balanced transmission fine.—L. E. 

butions of preamplifier to 15-500 kc di- Orsak and D. W. Martin, Direction Finding at 

rection-finding receiver are negligible. Output Low Frequencies, Electronics, 33:38, p 74-77. 

—/VVN,  

6,800 003 

C5 •  

3 33,000 51  

220,000 

—4e—W4-1 

127,000 
470,000 .--, I 

CRYSTAL 4 

TUNER --«.4\1\4--• I. 
20 470,000 

LOW— IMPEDANCE 
MICROPHONE 

3 900 
MAGNETIC I II 

PHONO 

6.8 e/H 

0.001 

15,000 120,000 

5 

5,000 
LEVEL 

"--• 0.1 

+150V 

 I(- our 
0.001 
R, 

10,000 

150,000 

50,000 

6.88 

—10V 

005 

30-MC VARIABLE-BANDWIDTH RADAR PRE-

AMP—Bias control R1 on grounded-grid 

6BC4 triode provides continuous change of 

bandwidth from 200 kc to 15 Mc, for chang-

ing search range. Insertion loss is 0 db.—R. 

Hirsch, Voltage-Variable Bandwidth Filter, 

Electronics, 35:22, p 46-47. 

AUTOMATIC INPUT IMPEDANCE MATCHER— age sensitivity for impedances from 10 ohms 

Uses controlled amounts of negative feed- to over 10,000 ohms.—Preamp Matches Input 

back to maintain practically constant volt- Impedance, Electronics, 31:13, p 81. 

10 CPS TO 100 KC BANDPASS—Input impe-

dance is over 1 meg. Can be used in micro-

phone case to raise power level of signal 

above that of interference. Both positive 

and negative feedback are used. QI and Q3 

are 2N1086A, and Q2 is 2N414.—J. J. Tie-

mann, Transistor Amplifier with Adjustable 

Impedance and Gain, Electronics, 35:15, p 

68-69. 
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IN 

30V AT 30MA 

39K 

CB 
I 

R2 
I2K 

-7. 
LOW-NOISE FET PREAMPLIFIER-For 600-ohm 

source, 3-db response is 0.5 cps to 700 kc, 

with voltage gain of 10.5, using common-

emitter direct-coupled amplifier stage after 

let stage, with 26 db of feedback. With 

1-meg source, upper limit is 20 kc.-E. G. 

Fleenor, Low-Noise Preamplifier Uses Field-

Effect Transistors, Electronics, 36:15, p 67-69. 

. RE 
:> 470 

J  

+24 
Rc2 
10K Rf : 4.7K Cf :47 

(-

330 

68K 410 

1  

LOW-NOISE TAPE-RECORDER PREAMP-

Closed-loop gain is 20 db from 100 cps to 

nearly 8 Mc for source impedance of 1,000 

to 6,000 ohms.-J. J. Rode, Designing Input 
Circuits with Lowest Possible Noise, Electron-

ics, 36:31, p 46-49. 

..I.-
= 

ANT. 

I-  - 

I 

L__., 

68 K 
M A.  

, 610 

100 
30 mH 

•-•‘..............Lre--

0.0015 

10K 

01 
2N1306 

6-1(  

IN663I 100 — 

120K 

VLF PREAMP WITH AGC-Fas -recovery com-

puter diode acts as pure variable resistance 

shunting base of C/1 to ground, for full agc 

control without phase shift in output signal. 

In frequency range of 13 to 24 kc, phase 

shift is less than 0.25 microsec over 40-db 

input signal range.-J. D. Echols, Calibrating 

Frequency Standards with VLF Transmissions, 

Electronics, 35:17, p 60-63. 

10V D-C 

03 
2NI305 

TO 
BLANK-
ING 
SWITCH 

2.2K 

+10V D-C 

  AGC 

ELECTRONICALLY CONTROLLED BANDWIDTH 

-For search radar, potentiometer adjusts bias 

on 6BC4 tube of 30-Mc i-f preamp to vary 

bandwidth over range of 200 kc to 15 Mc.-

Variable Bandwidth Preamplifier Electronic-

ally Varied Between 15 Mc and 200 Kc, 

Electronics, 35:2, p 102. 

2N706 

ANODE 
15 

6.2K 22K 

2.2K 

1 5 

IK 

15 IK 
2 N 706 (--....W.- 2 N 706 

100 

5.IK (---. 
150pF 15= 

_L 

IK 
e1.55 

151---- IK 
,. IK 

2.2K 
150 pF 

--I(--

15.1K 

, 

25706 
Yee  
100 

7326 PHOTOMULTIPLIER PREAMP-Used be-

tween type 7326 photomultiplier and dual-

beam oscilloscope in receiver of optical rang-

ing system. Voltage gain is 100 for output 

dynamic range of 15 v, but noise figure is 

1K 

25706 

1 K 

15 

,.5K  
i 
T 

15 

TO 
OSCILLOSCOPE 

_L UPPER 
BEAM 

PREAMPL 

only about 14 db.-M. L. Stitch, E. J. Wood-

bury and J. H. Morse, Optical Ranging Sys-

tem Uses Laser Transmitter, Electronics, 34:16, 

p 51-53. 
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6217 
ANODE 

10K 

0.02 E1BOF 

2K IK 230V 
ISMA 

20 

TO OSCILLOSCOPE 
LOWER BEAM PREAMPL 

6217 PHOTOMULTIPLIER PREAMP—Used be- to transmitted laser signal in optical ranging —M. L. Stitch, E. J. Woodbury and J. H. 

tween photomultiplier and dual-beam oscil- system. Distance between transmitted and Morse, Optical Ranging System Uses Laser 
loscope to amplify signal pulse corresponding received pulses on cro corresponds to range. Transmitter, Electronics, 34:16, p 51-53. 

5IK 

AUTOPILOT PREAMP—Reliable pitch-axis 

channel uses four npn silicon transistors.— 

C. W. McWilliams, Designing Safety Into 

Automatic Pilot Systems, Electronics, 31:45, 

p 69-71. 

FROM 
PHOTO-

MULTIPLIER 
TUBE 

SILICON TRANSISTORS MINIMIZE POWER 

DRAIN—Used in conjunction with high-value 

circuit resistances to permit operation of pre-

amplifier with battery drain of less than 1 

nw. Gain is 100 for bandwidth of 18 kc. 

Intended primarily for use at room tempera-

ture.—C. D. Todd, Preamplifier Designed for 

Minimum Power Consumption, Electronics, 
33:18, p 106-107. 

2 

C•1 

INPUT 

905 

10K 

120K 

6-410 

+28V 

200K 

905 10   

0 I j 

510e T e 

200K 
+ 28V 

5.IK 10K 

•  

8 

—) 50K 

e 

+8.5 

TO 
POST 
AMPL 

-8.5 

IN327 

OUT 

IN 327 

I OUT 

e-

2 II5-V 
u) 400 CPS 
EXCITATION 

K.X 1,000 
_t. 

DIRECT-COUPLED PREAMPLIFIER—Output of 

multiplier phototube in orbiting astronomical 
observatory receives closed-loop amplification 

of 12 in current-sensing preamplifier over 

input dynamic current range of 3 to 500 ma. 

—R. Cuikay and T. Callahan, Orbiting Ob-

servatory to Measure Stars' Dim Light, Elec-

tronics, 37:9, p 28-31. 

OUTPUT 



CHAPTER 62 

Protection Circuits 

SUPPLY OVERLOAD AND REVERSE-POLARITY 

PROTECTION— Uses signal from 01 to trigger 

SCR1, which turns off series- pass transistor 

when overload reaches 15 amp. Will also 

provide limiting of output voltage at 25 v, 

input overvoltage protection at 32 v, and 

input reverse- polarity protection by CRI.—J. J. 

Rado, Versatile SCR Protection for Power Sup-

plies, EEE, 138, p 56-62. 

INPUT 
POWER 
LINE 

F2 

o 
1N540 

02 
1N540 

06 

IN3005B 

R3 

10K 

POLARITY 
CR PROTECTION I.v 

IN3208 

OVER 
VOLTAGE 
SENSING 

IL 

CR2 

TIME 
DELAY 

R2 

C1 
IOOpt 
25V 

IN462 

OVERLOAD SENSING 

2N398A 
1_CR4 
1N462 

?N1772 

0f 1540 

y  Ea 
1N540 

05 
IN538 

115 V 

2N1 C;7'45 2 

.2 / 10w 

R1 I 
2N174 

03 
2N174 

Q2 
2NI533 

230 V  

,Z,CR6 
0'02725 

PREREGÙL ATOR 

.2/10w 

15 

EQUIPMENT 
OPERATING 
VOLTAGE 

o 

POWER TRANSFORMER SWITCHING RELAY venting energization of relay. For 115 v, Circuit Always Applies Correct Operating Volt-

SENSES LINE VOLTAGE—For 230-v line volt- diode conducts and relay closes, connecting age, Electronics, 37.25, p 77. 

age, zener diodes back-bias diode 05, pre- line to 115-v tap of transformer.— L. K. Moyer, 

501 
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—I V 

OVERLOAD PROTECTION—Transistor 04 in 

conventional series regulated power supply 

is protected against charging current of load 

capacitance C2 by sharp current- limiting- char-

acteristic protection circuit that operates 

statically, without need for resetting, in pre-

set range of from 50 to 250 ma, and pro-

vides instantaneous response when regula-

tor transistor is overloaded. Line regulation IN537 
is 0.001% and load regulation is 0.002%.— 

Fr«,)FV2i)-7E 1-TrORNENCTIRCUIT 
H. D. Ervin, Transistor Power Supply has --------       - — 

Overload Protection, Electronics, 3125, p 
74- 75. PRESET LOAD 

CURRENT Ri 
ADJ 

120-124 V 
320-420 CPS 

—e5V —i2v 

1N457 

1N457 

K 

SIGMA 11F 

R1 Rc.2,300 

39K Imin: 4.6 ma 

+ E x Rx 1.5K 
—wv—e—wv—• 

DI 02 03 

CI Di Pi 

AND GATE PROTECTS FROM VOLTAGE FAIL-

URE— Detects absence of any one of several 

critical supply voltages of either polarity and 

energizes interlocking relay to prevent dam-

age to components. Number of monitored 

circuits is limited by sum of leakage currents 

1N645 

R2 
120 K 

9ma 
1-20V 

I t  

1N457 

2N1613 

02 
2N1132 

2.4K 

MISSING-PULSE DETECTOR—Turns on lamp if 

one of input pulses in continuous pulse input 

is missing. Pulses are very narrow (4 micro-

sec wide) and 50 microsec apart for low duty 

cycle; Q1 and 02 form pulse stretcher that 

increases width to about 40 microsec. In ab-

sence of stretched pulse, Q3 loses its bias and 

is turned on, making lamp light.— C. Gerston, 

Missing-Pulse Detector for Narrow Pulses, 

EEE, 12:8, p 72-74. 

R4 
120K 

04 05 06 

• {› r>I 

1N 645 

R3 

39K 

1N 457 

e 
9mo 
—20V 

I.5K Ry —Ey 

through 1N457 diodes. When this exceeds 

100 microamp, Q1 and Q2 may remain on. 

—A. Shapiro, AND Gate Protects System 

Should the Voltage Fail, Electronics, 39:14, 

p 79-80. 
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2N3715 

OVERLOAD PROTECTION 

REVERSE-PHASE PROTECTION-Used to pro-

tect navigation system against damage if 
phase rotation is reversed by careless or ac-

cidental power transfers. With correct rota-

tion, lamp ABC lights and relay closes con-

trol circuit to allow operation. With reverse 

phase rotation, lamp BAC lights and relay 

does not close.-J. .1. Pirch, Simple Reverse-

Phase Protection, EEE, 11:12, p 26. 

INPUT 
VOLTAGE 
+30-38VDC 

R9 

0.9 

02 

2N335 

Q1 
2NI722 

R3 
2,800 

2N1132 

SERIES REGULATOR WITH OVERLOAD PRO-

TECTION-Tunnel diode and transistor serve 

as overload sensing circuit used to trigger 

monostable mvbr, to protect series-pass tran-

sistors against overload. Circuit resets con-

tinuously after overload until trouble is 

cleared. Protection is adequate for resistive 

loads only.-.1. Takesuye and H. Weber, "Sili-

con Power Transistors Provide New Solutions 

to Voltage Control Problems," Motorola Ap-

plication Note AN-163, Aug. 1965. 

2N2 158 

30 

CI 
+ 4000pf 

K 

220 

11( 

.2 
A  

R2 
"Aa›.  
10 

1N3208 

14 —Vo 

15 

2NI533 
°2 

03 
2NI038 

IN462 

\I- SCR' 

2N1772 

OVERLOAD PROTECTION WITH RIPPLE CLIP-

PING-Power transistor interrupts load when 
current exceeds safe limit, and also serves as 

RESISTORS R3,129-1 WATT 
ALL OTHER FIXED RESISTORS - 1/4 WATT 

D2 

IN645 

100 

Ki 

part of ripple clipper.-J. J. Redo, Versatile 

SCR Protection for Power Supplies, EEE, 13:8, 

p 56-62. 

cp 
1N942 

5,110 

R2 
1,500 

OUTPUT 
VOLTAGE 

+26.5V, 010.5A 

03 04 01) 
2N1132 2N1132 

R4 
*5,110 

R9 
499 

R6 

500 

Ry 

499 

OVERLOAD PROTECTION-Series regulator load is removed.-M. A. Torte, Series Reg-

with degenerative feedback provides both ulator Gives Overload Protection, Electronics, 

overload and short-circuit protection. Output 39:15, p 104-105. 

voltage is automatically restored when over-
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MARCO 
SW950 

M6 
SCR' 

2NI772 

17/ICRI 
IN538 

REVERSE- POLARITY 
PROTECTION 

K1 
P8 B 
MB4D 
24 vdc 

lpf 

OVERVOLTAGE 
PROTECTION 

IM30Z5rI„ 

IK 

OVERLOAD 
PROTECTION 

1N90 

30v e 330 
0 I 

100pf 2N398A 
1K 

.1/ 

POWER SUPPLY OVERLOAD PROTECTION— 

Circuit uses simple relay instead of customary 

transistor to break load current when over-

load or overvoltage occurs.—J. Redo, Ver-

satile SCR Protection for Power Supplies, EEE, 

13:8, p 56-62. 

IN462 

SHORT-CIRCUITABLE 30-W AUDIO AMPLIFIER 

—Utilizes practically entire supply voltage to 

produce usable power output, provides fail-

safe overload protection, and stabilizes bias 

current. Any temporary overload or current 

surge will turn off drive to output stage. 

Circuit must be reset manually, by turning 

51 off, removing cause of overload, and 

turning Si on again. Circuit will limit peak 

current in output transistors Q3 and Q5 to 
about 5 amp.—W. O. Hamlin, Transformer-

less Amplifier with Overload Protection, EEE, 

12:9, p 42-44. 

IN755A 

5/50v 

50150v 

3.3K 

•—• 

121 

470 

2K 
([11)02 

251613 

04 
04  

750 

0.001 

 •50 

g' „ 

750 
'We  

0.001 

22o1 

2.71t 

RI7 Rie R11 RIO 
I.2K IK 3.3K 470K 

R16 
2.2K ifl 

2N22I9 2N22I9 

j5/25v 

75 

01 
251613 

ID6 

05 

14 

04 
2529045 

05 
253447 

ID7 

27K 

03 
253447 

10000 
•  

50v 

R2 
Oil 

22i1 
21.v 

0.2 

lo 

1K 

IRL-8 

vko.oi 

CARAC,TORS IN ge UNLESS NOTED. 

07 C3 
2N49I .47p 

R12 C4 
27 3pf 

01 
2NI132  

06 
2N3007 

1N914Î 

02 

IN2222 

w  06 R2 
-`• 1N647 6.21 

C5 

T 5"f 
Rs 
1.3f1 

0.01 

- 251613 

1 °2529044 

10K I 

L UORT CIRCUIT .RorEcTOR1 

C1 

04 05 

2N2453 

1N944 

R6 

500 

R7 

2K 

COMPLETE GTO PROTEC1 ION FOR D-C SUP- power supply within 30 microsec of over- and 1.2 amp.—W. C. Mosley, GTO Protection 

PLY—Circuit includes required recycle pulse load. Series regulator can deliver 125 y at Circuitry for DC Supplies, EEE, 12:11, p 
generator and Schmitt trigger for driving 1 amp for input of 31 to 42 v. Overload trip 57-59. 

gate-turnoff scr (gto) that switches off d-c point can be set anywhere between 0.75 
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V.) 20vdc 

OVERLOAD PROTECTION VviTH TD—Tunnel 

diode-transistor level detector reduces load 

current of series voltage regulator to zero 

when preset limit is exceeded. Protective 

circuitry consists of TD1, PLI, R2, R3, 03, and 

Q4.— G. E. Bloom, Overload Protection with 

a Tunnel Diode, EEE, 12:10, p 60 and 75. 

LINE 

OVERVOLTAGE INDICATOR—Routes line volt-

age automatically to black box designed to 

handle it. Potentiometer is set so neon lamp 

TH fires at 152 v. This applies high nega-

tive voltage to grid of tube, deenergizing 

relays K1 and K2 so line voltage is applied 

to upper black box. This condition also exists 

when system is first connected to line. After 

tube is warmed up, it switches to low-volt-

age box if line is below 152 v. Rectifier CR 

is any 2,000-v low-current rectifier, such as 

Sarkes Tarzian 126- 100-H-Q. NE68 glow 

lamp TH must be in lightproof box; NE2 can 

be used only if suitably aged.—Overvoltage 

Indicator, "Electronic Circuit Design Hand-

book," Mactier Pub. Corp., N.Y., 1965, p 124. 

RECYCLE 
PULSE 

GENERATOR 

DI 
I.2V 

SENSOR 

TRIGGER 

-Y-

R1 
590 

01 
2N1132 

2N1724 

03 ( 2) 

02 
IN2222 

2.4 

0, 

25706 

(A) (8) 

TRANSISTOR PROTECTION IN MONO—In 

typical transistor monostable mvbr ( A), tran-

sient base-to-emitter voltage caused by dis-

charging C often surpasses transistor rating. 

Two diodes alleviate trouble ( B). Circuit pro-

duces width of 200 microsec.—J. S. Mik-

uckis, Base-Emitter Protection in Monostable 

Multivibrators, EEE, 12:9, p 63. 

BLACK BOX 

ISO— 15 0 0 V 

BLACK BOX 

— 15 0 V 

150 V 

REGULATED 

R3 
1870 

R4 
IK 

R5 

2.5K 

2N3007 

BASIC GTO FOR POWER SUPPLY OVER-
LOADS—Gate-turnoff scr ( GTO) provides su-

perior overload protection for d-c power 

R2 
6.21 

D2 
1N944 

C 

04 05 

2N2453 

R8 
5620 

R7 
2K 

500 

C2 

1500 

supplie. Chief advantages are elimination 

of turn-on current sur9e,, switching off with-

in 30 microsec of overload, automatic load 

sensing, and reset, and no appreciable effect 

on power supply efficiency.—W. C. Mosley, 

GTO prctec t¡,.. Circuitry for DC Supplies, 

EEE, 12:11, p 57:59. 
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+25 

-45-
-75 — 

110V 

CHASSIS 

E 

t400 V 

R5 

2 MEG 
V2 

I/2 12BH7A 
R3 

K 

R 

100 K 

— 45 V 

THYRATRON PROTECTION IN HIGH-VOLTAGE 

SWITCH—C1 is charged to some value up to 

400 v, then discharged into load R5 by gas 

tube represented by Si. V2 acts as cathode 

follower to charge CI as long as VI does not 

conduct. When operation of Si is desired, 

V2 is turned off by turning on VI long 

enough for Si to operate and recover, using 

square-wave input pulse. Circuit action pre-

vents destruction of thyratron switch and 

load without sacrificing pulse rate. Tubes 

need separate filament transformers.—Volt-

age Controlled High Voltage Switch, "Elec-

tronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 233. 

2A 

TI 
50274 

3.3K 

50K 
01 
2N167113 

T 0.07 

BY403 

SERIES 08 (ON HEAT S:NK) 
SWITCH 2NI073A  

LI 
2x19IC 
11.8 NH 

1BY403 

+15V BIAS 

SWITCHING PULSES 
DUTY CYCLE CONTROL VOLTAGE 

390pF 

03 
2NI306 

0.05 

4.7K 560 

2NI306 

05 
N1306 

I K 

390 

680 4.7K 

SWITCHING PULSE GENERATOR 

S, 

4-7.regaez.A.C. 

CR,CR. G3G-6. IZENER 6 2 -6 

CR4RP4314..10L (ZENER 9.1..0.0) 

1, ALLIED CONTROLS ME- 64 

FAIL-SAFE TWT FILAMENT REGULATOR—De-

signed to supply well-regulated voltage of 

6.3 I, d-c at 2 amp to filament of travelling-

wave tube, while providing temperature 

compensation and fail-safe capability. Pro-

tective circuit shown in heavy dotted lines 

operates if one of transistors shorts or if fila-

ment voltage rises for any other reason. 

—G. Stanley, Fail Safe DC Filament Regula-

tor, EEE, 10-6, 32-33. 

012 2NI74 8.0 
(ON HEAT SINK) 

SERIES 
REGULAT NG 
TRANSISTOR 

2NI307 

0,   QN 
2NI307 2NI307 

I67K60 

-32 V BIAS 

-24V 

7 ,12071 

.4 550 MA 

SHORT 
CIRCUIT 
CURRENT 
SELECT-
OR 

• 016 2.2K 
2NI039 

2NI307 

270 330 

I.8K 20112V4 

2.2K 45 
(25-
VNDC) 
45 2.2K 

50 I (25-
I ION I TWVDC 

AAA  
I_ AUXILIARY POWER SUPPLIES 

IN316 

OUT-
PUT 
VOLTS 

22K 0.1 

2NI307 

QI7 
2NI306 

IN) 313 

IN1314 

2-30 
VDC 
0-2A 

T-
5K 

  013 
2NI307 

C
H
A
S
S
I
S
 
I
I
-
I
 

0,62NI306 46.8V 

rse.e .W --FERENCE 

2NI377 
Q20 
2N250 
(ON 
HEAT 
SINK) 

-24V 

MINIMUM-DISSIPATION SERIES REGULATOR output and up to 2 amp. Dissipation in series 
—Regulation of short-circuit-proof variable regulating transistor is minimized by control-

voltage-regulated supply is 0.1% for 2 to 30 v ling on time of series switching transistor 011. 

—J. S. Riordon, Power Supply Uses Switching 
Preregulation, Electronics, 35:10, p 62-64. 
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PULSED-TRANSDUCER METER PROTECTION— 

Circuit stores transducer output while trans-

ducer is momentarily disconnected during 

pulse period by relay drive circuit that op-

erates coincidentally with transducer pulse 

drive. Meter voltage is stored by C during 

pulse period. No storage occurs when Si is 

closed; meter then indicates voltage propor-
tional to transducer current, as gain of cir-

cuit is 1.—C. Pittman and B. Birnbaum, Cir-

cuit Protects Meter from Periodic Current 

Spikes, Electronics, 39:12, p 108. 

POWER SWITCH 

I 0  

50 
I2V A—C 

0.1A 10A1 

CR 

CR 1 

BATTERY STANDBY— Protects against false 

alarms caused by power failure of intruder 

detector.— S. M. Bagno, Sensitive Capacitance 

Intruder Alarm, Electronics, 33:38, p 65-67. 

I TO ALARM 
ALARM 

i?V UNIT 

GT — 1456 

68 

R4 
500 

R5 

500 

K r X 1,000 

Edc 

01 • 2N2060 

02' 2N290 7 
Q3.2N494A 

CRI-+CR7=1N3189 

CR9.1N30298 

CR9 , CR I 1.1N3064 

CRio,CR 12.1N9448 

OVERLOAD PROTECTION—Switches power off 

rapidly to prevent current overloads from 

damaging transistors in breadboard circuits 

under test. Voltage drop across 0.47-ohm re-

sistor and 01 biases 02 to saturation, caus-

ing 03 and 04 to open power relay.— F. W. 

Kear, Laboratory Supply for Transistors, Elec-

tronics, 35:30, p 55-57. 

I8K 

2N284 

I8V 

LOW-DISSIPATION TRANSISTOR OVERVOLT-

AGE FUSE—Series collector resistor lowers dis-

sipation of fuse circuit during normal line 

voltages, and serves also as voltage regula-

tor for transistors being protected ( repre-

sented by 1K load).— K. Redmond, Low-Cost 

Transistor Overload Safety Circuit, Electronics, 

33:42, p 102. 

!2 
430 

31382•G, 

 b G2 

400-CPS SCR REGULATED SUPPLY— Converts 

115 y at 400 cps to 24 y d- c, using ramp-and-

pedestal control of scr firing. Regulation is 

excellent, ripple can be as small as desired, 

and sync circuit provides automatic short-

circuit protection. Efficiency is 95% because 

power dissipation is low when scr's are not 

conducting. Either side of supply can be 

grounded.—G. B. Jordan, A Novel Sync Cir-

cuit for Scr Control. EEE, 14:7. p 58-61. 



508 SOURCEBOOK OF ELECTRONIC CIRCUITS 

SHORT-CIRCUIT DETECTOR—Shunt used in d-c 

power circuit for metering also serves here 

to drive base of transistor that senses over-

loads. Relay in transistor circuit disconnects 

K= X 1,000 

SHORT-CIRCUIT PROOF SHUNT-TYPE SUPPLY 

—Output is variable from 1 to 17 v, maxi-

mum ripple is 1 my peak-to- peak, and maxi-

CON TROL 
CONTACT 

d-c power when drop across 100-my shunt 

approaches 400 my (4 times normal load 

current).—J. J. Pirch, Single-Transistor Short-

Circuit Detector, EEE, 12:6, p 64. 

+24V DC 

OUTPUT: 

0___22V DC 

40 ma 

ELECTRONIC FUSE—Switches high se ies re-

sistance R3 into circuit only when overload 

or short-circuit occurs. R3 is shunted out of 

load R2 by Q2.— L. Payerl, Overload Protec-

tion for D-C Amplifier, Electronics, 39:7, p 91. 

mum current is 2.5 amp at 1 y or 0.8 amp at 

17 v. After two hours of warmup, output 

drift is negligible ( fraction of mv).—E. Bald-

2NI909 

2N174A(7) 020 

-9--

IN1523 

( 7) 

ERROR SENSING AND 
CONTROL AMPLIt ERS 

ZENER-GATED SCR PROTECTS POWER TRAN-

SISTORS—Scr serves as controllable short-cir-

cuit across power transistors. Reaction time 

is about 2 microsec.—C. A. Blanchard, Zener-

Gated SCR Protection for Power Transistors, 

EEE, 14:5, p 117-118. 

18 V 

TRANSISTOR OVERVOLTAGE FUSE— Protective 

circuit uses one resistor, one diode, and one 

transistor. Transistor across supply line is 

cut off by 1N87 diode until overload occurs. 

When transistor conducts, fuse is open by 

current that would ordinarily destroy transis-

tors being protected ( represented here by 1K 

load).— K. Redmond, Low-Cost Transistor 

Overload Safety Circuit, Electronics, 33:42, 

p 102. 

inger and W. Czaja, Designing Highly Stable 

Transistor Power Supplies, Electronics, 32:39, 

p 70-73. 
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++ UNREG INPUT 
FROM DOUBLER 

D2 
IN 3022 

DI 

IN 64 

REG OUTPUT 

) 06 

2N697 

07 

2N697 

2N697 

COMMON 

OVERLOAD PROTECTION FOR REGULATED D1 conducts and collector voltage of Q1 acts fraction of full value.- K. L. Burfeindt, Over-

POWER SUPPLY-When rated load current is as clamp to prevent further increase in load load Protection Without High Power Dissipa-
exceeded in series- regulated power supply, current. At short-circuit, load current is only tion, Electronics, 36-13, p 36-37. 

TO POSITIVE 
SIDE OF LOAD 

3 

UL PARALLEL 
BLADE CONNECTOR 
WITH GROUND LUG 

TO EQUIPMENT 
CHASSIS GROUND 

K I - FAST ACTING II5 VOLT AC RELAY 

K2- II5 VOLT AC RELAY WITH CONTACTS 
APPROPRIATE TO LOAD. CONTACTS AJUSTED TO 
CLOSE IN ORDER AND OPEN IN INVERSE 
ORDER OF CONTACT NUMBERS. 

LIFESAVER- Used with transformerless line- proper relationship of voltages between hot, both neutral and conduit ground are at line 

operated equipment to minimize possibility neutral and ground terminals before power potential with respect to earth ground.- R. E. 
of chassis being hot. Relays are so or- is applied to equipment. Only limitation is Pafenberg, Lifesaver Circuit, FEE, 10:7, p 
ranged that they automatically search for failure to protect against rare fault in which 26-27. 

GRID 
PULSE 

SAMPLE 

VI 

-*°1— 1-6BL7 

PROTECTED 

CIRCUIT 
RETURN 

0.001 

CURRENT 
SAMPLING 
RESISTOR 

-50V 

100 K 
LEVEL 

SET 

20K 

+300i 

0.01 

V3 

6C L6 

100K 2.2K 

100K 
THRESHOLD 

0.01.= 

V4 

-i68L7 

PRIMARY 

CONTROL 
CIRCUIT 

0.01 

'OCK≥ ≥IK OOl\≥ 0h 

1 

0.25 

*---11 

V5 

6BL7 

0.001 

10K 

H  
V6 

 ® 3C45 

HIGH 
VOL TAGE 
POWER 
SUPPLY 

!-
VT 

6587c) 

ARC-PROTECTION CIRCUIT- Circuit ignores thyratron V6 and V7 in absence of driv,e high-voltage electron device under test.-

desired peak pulse currents by sensing their pulse, to make thyratrons ciischarge power D. D. Mawiiinney, Ltriebi Thin8 Arc- Pro-

coincidence with drive pulse, but fires trigger supply before breakdown and flashover of tection Circuits, Electronics, 36:8, p 54-55. 
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SHORT-PROOF REGULATOR—Provides con-

stant 24 y at up to 500 ma and turns itself 

off when load is shorted. Restarts auto-

matically when short is removed. Regulation 

is within 1% from no load to 500 ma and 

with input voltages from 26 to 34 v.— D. E. 

Wilson, Inexpensive Short-Proof Voltage Reg-

ulator, EEE, 12:6, p 64. 

Ra 15f1 

ADJUSTABLE OVERLOAD TRIP— Protection cir-

cuit, added to conventional regulator, consists 

of RI, R2, R3, R4, C2, CR2, CR3, and Ql. 

When load current reaches preset trip level, 

drop across R1 turns on 01, which in turn 

saturates 02 and cuts off regulator transistor 

REDUCED-POWER OVERLOAD PROTECTION 

—Circuit reduces power dissipation in series 

regulator transistors under overload or short-

circuit conditions by making output current 

decrease as load resistance decreases. 

Values shown are for 30 y d-c supply deliv-

ering 0.25 amp, with current limiting start-

ing at 0.31 amp.—R. A. Lewis, Reduced-

Power Overload Protection, EEE, 12:11, p 67. 

UNREGULATED INPUT 
+31 TO + 41 VOLTS 

' 8 2K 

05 

SHORT-CIRCUIT PROTECTION—Voltage-sens-

ing short-circuit switch Q4-Q5 turns off 

15V 

20Orna MAX. 

CR I 

10V 

03-Q4 to protect hese transistors and reduce 

output voltage to zero. Turnoff is regenera-

tive, hence fast. To reset, supply voltage 

is switched off and then back on.—W. A. 

O'Berry, Adjustable Overload Protection, EEE, 

12:2, p 29. 

2N3715 

DELAY NG 
1 1 
L NETWORK 

SERIES REGULATOR WITH CAPACITIVE OVER-

LOAD PROTECTION— R-C delaying network in 

dotted box applies drive slowly to series-

pass transistor to prevent overload protective 

circuit from turning off regulator when surge 

current charges capacitive load. Network 

does not reduce response time.— J. Takesuye 

and H. Weber, "Silicon Power Transistors 

Provide New Solutions to Voltage Control 

Problems," Motorola Application Note AN-

163, Aug. 1964. 

R4 

500K: 

REGULATED OUTPUT 
28 4" 0.5 VOLTS AT 300 MA 

:R6 C2 

500 INF 

-41 

R7 

3.3K 

series- regulating transistor 01 when load 

R1 is short- circuited.— G. A. Chunn and G. D. 

Norton, Short-Circuit Protection Consumes 

Little Power, Electronics, 38:22, p 68. 



CHAPTER 63 

Pulse Amplifier Circuits 

WIDEBAND DIGITAL PULSE AMPLIFIER—Com-

mon-emitter a-c coupled cascaded amplifiers, 

with negative feedback at every second 

stage, give voltage gain of 12, bandwidth 

of 100 Mc, rise time of 3 nsec, pulse pair 

resolution of 5 nsec, and s/n ratio of 100 to 

1 for inputs from 0 to 200 mv.—A. A. Fleisch-

er and E. Johnson, New Digital Conversion 

Method Provides Nanosecond Resolution, 

Electronics, 3618, p 55-57. 

ALL TUBES 

EF91 

+12V 

INPUT 
0.01 

I( 

50 

240K 

e2.4K e270K e 2.4K , 180K 2.4K 

0.01 0.01 0.01 

-1(-• -1(-• 

10K 

300 

0.01 

120 

120 

0.001 

200K 2.4K 

0.01 
e--1  

00 3  0 °4 

I OK 

300 

0.01 

/120 — 1E-

500/ 

ALL O's 2N917 ( 41h CASE LEAD ON EACH GOES TO GROUND) 

47T 

OUTPUT 

SELECT R FOR 
NECESSARY GAIN 

TWO AMPLIFIERS FOR BIPOLAR PULSES—De- plifier cupplies current to charge load and capacitance during positive-going edge of 

sign procedure is based on fact that wide stray capacitances, reducing standby c..ient output pulse. J. F. Golding, Novel Approach 

bandwidth is required only for leading and improving gain. Auxiliary amplifier to Pulse Amplifier Design, Electronics, 33:19, 
and trailing edges of pulses. Auxiliary am- V4-V5 provides charging current for shunt p 64-66. 
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+25 Vb 

J1.11. 

NEGATIVE-RESISTANCE DIODE-Input pulses 

as low as 0.01 ma are sufficient to hold 

negative-resistance diode in high-current re-

gion. When pulse is shut off, diode current 

decays to low-current state. Amplifier 

tends to square up input pulses.-A. P. 

Schmid, Jr., Negative-Resistance Diode Han-

dles High Power, Electronics, 34:34, p 44-46. 

IN 

150 

2.4K 

+1,500V 

,00 KV PULSE 
I TRANSFORMER 

(INSIDE TANK) 

100 KV FOR ACCELERATOR-Two thyratrons 

trigger pulse amplifier to send 1,500-v pulse 

to primary of pulse transformer for stepup to 

100 kv for Van de Graaff accelerator source. 

-E. J. Rogers, Van de Graaff Proton Source 

Receives 110 Kilovolt Boosts, Electronics, 35:13, 

p 58-59. 

TO 
VISUAL 
DISPLAY 

TO 
CAMERA 
DISPLAY 

LINEAR PULSE AMPLIF ER-Simple linear am- to horizontal plates of another crt for bar 

plifier drives two cathode followers through presentation.-M. T. Nadir, Microsecond Sam-

delay line. One output goes to one crt grid pler Handles 126 Channels, Electronics, 32:4, 

for intensity modulation. Other output goes p 36-39. 

+I2V 
R-F R-F 

CHOKE CHOKE 

T IO I I 1 10 

680 — 6V 680 

22 

H 1 0.12 
7: TO 0.147 

tH 180 

0.05 

2N9I7 

210 TO 21 

Pf 
Ce 

eL,••••••••..... 

R-F R-F 
CHOKE CHOKE 

-I2V 

12K 

IK 

2 

2N9I7 

OUT 

VIDEO AMPLIFIER WITH TWO-NSEC RISE 

TIME-Uses feedback techniques with 1,000-

Mc silicon transistors to give wide bandwidth 

and fast pulse response.-P. J. Beneteau 

and J. A. Macintosh, Getting Fast Pulse 
Response with Video Amplifiers, Electronics, 

34:41, p 62-63. 
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150 DC 
AT 

22 MA 

FOUR-STAGE NEGATIVE-PULSE AMPLIFIER— pulse code groups coming from crystal de-

Gives gain of 87 db with over-all bandwidth tector of radar video receiver.— R. E. Kon-

of 0.9 Mc, using direct-coupled inverse-feed- cen, Wide-Range Multiple-Pulse Amplifier, 

back pairs, for amplifying closely spaced Electronics, 33:38, p 78-81. 

THYRATRON DRIVER— Input of 1 y makes 

solid-state circuit drive thyratron grid to 

400 y within 60 nsec. Thyratron itself is 

fully on, and handling 100 amp at 6,000 

v, in less than 100 nec after input pulse. 

—W. D. Isreal and W. B. McCartney, Nano-

second Thyratron Driver, EEE, 11:12, p 66. 

K'S 1,000 

THREE-STAGE NEGATIVE-PULSE AMPLIFIER— amplifier stage is inverse-feedback pair of 

Handles closely spaced negative pulses in triodes with 360 total phase shift.— R. E. 

radar beacon and similar applications, with- Koncen, Wide-Range Multiple- Pulse Amplifier, 

out distortion and recovery problems. Each Electronics, 33:38, p 78-81. 

IN 

LOGARITHMIC PULSE AMPLIFIER—Selected series with D1 fnr straightening curve, give 

zoner diodes with breakdown voltages in close approximation to 

range of 4 to 6 v, with 1.6 ohm-resistor in fication of pulses over three decades of cur-

rent, from 0.1 to 100 ma.— D. Ophir and U. 

Zener Diode creates Inunrithmir Pulse 

Amplifier, Electronics, 34:28, p 68-70. 
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C) 

PULSE 
INPUT 

CI 

10 

HS2033 

R2 
3.3K 

3.3K 

50 
4 

C2 
0.1 

FAST-ACTING NONLINEAR FEEDBACK—Keeps 

output variation within 8 db for input level 

variation of 38 db. Amplifies 100-kc square 

waves and limits output amplitude without 

introducing phase distortion. Amplification is 

determined by input level. For signals below 

5 my peak, 38 db of gain is provided, auto-

matically diminishing for higher- level input 

signals. With 400-my peak input, gain is 

slightly over unity.— L. H. Dulberger, Pulse 

Amplifier with Nonlinear Feedback, Elec-

tronics, 31:45, p 86-87. 

I 5K 22K 

0.01 
100K 

0.01 
E,3 

12 AU 7 

0.01 

CRYSTAL VIDEO RECEIVER AMPLIFIER— Modi-

fied direct- coupled inverse-feedback pair of 

triodes handles negative pulse groups only 

if not too closely spaced. May be used in 

command guidance, radar beacon, and pulse 

communication applications.— R. E. Koncen, 

Wide-Range Multiple- Pulse Amplifier, Elec-

tronics, 33:38, p 78-81. 

R4 
270 

R3 
3.3K 

+I2V 

12 V 

VCC 

FAST RISE TIME—Achieved by precise bias 

control of 02 without introducing parasitics 

in input signal line. Gives high gain-band-

width product as pulse amplifier.— D. D. 

McLeod, Bias Control and Low Parasitics 

OUT Shorten Amplifier Rise Time, Electronics, 39:2, 

p 73-74. 

CI 

R's • 1/2 W.15% 

INPUT 

O 

R4 
510 

+28 Vn 
02  
2 N2907A 'PPS 

OUTPUT 
90% 

1.0psec E MAX 
+I2V 

LOAD OR 
EMIT TER 
FOL LOWER 

0 5i/ sec 
m-tf 

O  
OFFS[ 0.2 v dc OFFSE T.0.1 vdc 

NONINVERTING AMPLIFIER— Increases am-

plitude of 1-pps pulses and decreases rise 

and fall times. For adjustable output ampli-

0-INPUT 

CI 
390 

RI 
4.22K 

C2 
390 

R2 
4 22K 

—We— 

PULSE POWER AMPLIFIER— Operates as in-

verting power amplifier for either pulses or 

levels. Input levels are 6.2 y at 3.1 ma 

for logical 1 and 0.15 y for logical 0. Pulse 

polarity may be positive or negative 6 v. 

Third transistor is used for handling up to 

• 

E MAX 
+28V 

tude, R5 can be potentiometer.— R. L. Saz-

pansky, Non-Inverting Pulse Amplifier Uses 

One Power Supply, EEE, 14:1, p 63. 

-1 8V 
-6V 

R4 
2.15 /C 

2N404 

R3 
261K 14 7 K 

02 
2N404 

OUTPUT 

03 
2N404 

+ 6V 

40 flip-flop or gate loads. Two transistors 

will handle up to 12 such loads.— NBC, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. II, Semiconductor 

Device Circuits, PSC 12 ( originally PC 215), 

p 12-2. 
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COAXIAL CABLE DRIVER—Can drive digital 

information through long lengths of coaxial 

cable. Will send pulses with 30-nsec rise and 

fall time through 1,155 feet of 50-ohm RO! 

188U or through 650 feet of 93-ohm ROI 

62U.— B. Strunk, Coaxial Cable Driver Cir-

cuit, EEE, 13.5, p 43-44. 

INPUT 0 1µF 

HAMMER-DRIVER FOR COMPUTER LINE 

PRINTER— Gate turnoff scr overdrives load 

solenoid momentarily by connecting it across 

350-v bus and disconnecting before over-

heating occurs. Load current rise and fall 

times are less than one millisec.—D. R. 

Grafham, Now the Gate Turnoff Switch 

Speeds Up D-C Switching, Electronics, 37:12, 

p 64-71. 

-12 VOLTS 

+12 VOLTS 

510 

100 

Q1 
2N3640 

Q2 
2N3563 

100 

510 

0.1µF 

OUTPUT 

50 

0.1µF 

CURRENT DRIVER— Provides fast rise time and 

equal-amplitude positive and negative output 

pulses (equal-polarity drive) for 50-ohm load. 

—E. J. Kennedy, Fast- Pulse Amplifier Drives 

50-Ohm Load, Electronics, 39:2, p 76. 



CHAPTER 64 

Pulse Generator Circuits 

RANDOM-TIME PULSES-When gate is opened 

by noise, sine wave steps electron beam of 

Burroughs tube through its ten sections. 

Transistor connected to each target produces 

voltage pulse whose magnitude depends on 

potentiometer setting, giving sequence of 

different voltages in output. When beam 

reaches position 9, pulse is fed back to 

close the gate.-C. V. Jakowatz and G. M. 

White, Self-Adaptive Filter Finds Unknown 

Signal in Noise, Electronics, 347, p 117-119. 

e Ri 6 8K 
Ql 
2N4918 

— CI 
""'s 1.00F 

R2 
220 

:R3 
'100 

C3 

2.2 e.IF 

 I(  

C2 

2 24F 

R4 

47K 

NOISE 

THRESHOLD 

CIRCUIT 

SINE 

WAVE 

POSITIVE 
  PULSE 

OUTPUT 
MULTIPLE OUTPUTS- Circuit provides nega-

tive cl-c output voltage along with p(”itive 

and negative output pulses, using only sin-

gle d-c source. Unijunction-transistor oscil-

R5 

22K 

+V 

O 

TO GRIDS 
OF BEAM 

SWI TCHING 
TUBE 

CLOSE 

03 

2N2714 

R6 
560 

I2K 

25K 

I2K 

- 200 

02 
2 N190 

C4 

100P F 
Di 

IN4564 

14  

200pF 

320 

OUTPUT I 

1.8K 

1 

BEAM 
SWITCHING 
TUBE 

V88 . + 12 VOLTS 

later 01 provides positive pulses, while 02 

and 03 together invert these and drive recti-

fier DI that gives 5 y at 1 ma to drive low-

D-C OUTPUT 

-V E VOLTS 

NEGATIVE o 

OUTPUT -I/ IFIL 
 PULSE 

E 

power amplifier that may be used in same 

integrated circuit.-M. H. Hussain, Circuit 

Inverts D-C Voltage, Electronics, 38:19, p 100. 
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RING-TYPE OSCILLATOR—After tore-setting 

current is removed, pulse output of QI is fol-

lowed by output of Q2 after delay of 100 

microsec to 3 sec, depending primarily on 

input voltage and core size. No separate 

drive oscillator is required when used as ring 

counter.—J. M. Mariolf, Magnetic-Core Ring 

Counter Needs No Drive, Electronics, 35:12, 

p 52-53. 

-12 -12 -18 

THREE-PULSE GROUPS TEST 10-NSEC DECADE 

COUNTERS—Free-running mvbr QI-Q2 trig-

gers sctwtooth generator 03, which in turn 

acts through emitter-follower 04 to drive 

delay-adjusting amplifiers 05, 06 and 07, 

each driving silicon transistor working in 

avalanche mode. Common output is group of 

three 10-v pulses having rise times below 

1 nsec.—R. Charbonnier, Avalanche Transis-

tors Test 10-Nsec Logic, Electronics, 36:28, 

p 46. 

+6 
47V 

STAGE I STAGE 2 

100 
o, 
2NI74 

IN93 

N3 

57 To 

N4 
7T 
• 

I N93 

53T 

N5 
20T 
• 

SETTING 
CIRCUIT 

N2 I6T.  

_L — CORE 

7\16 
2T 

100 Q2 
2NI74 

ZIN93 

N3 

N4 

J_ 

I N93 

[IN  

N2 N6 
  • 

CORE 2 

OUTPUT I OUTPUT 2 

ALL CORES 50056-2A 

( CORE AREA = 0.043 CM 2 ) 

150 

2.26 

+12 + 12 

14  
__I 0447 

SYNC OUT 

6.2K 

INTERROGATE 
SIGNAL 

06 

2N404 

470pF 

IK 

01 TO 07 = 2N964 

08 TO 010 = 2NTO6A 

TWO-OUTPUT SQUARE-WAVE PULSE GENER-

ATOR—Pairs of control pulses are provided in 

sequence by silicon unijunction transistor in 

relaxation oscillator. Interval between pulses 

is determined by R3-C2. When C2 charges 

enough to trigger 04, pulse fed to base of 05 

makes it conduct heavily; C3 charges and 

reset pulse is then developed across R4. Next, 

05 switches off, thereby feeding negative 

pulse to base of 06 to switch Q6 off and 

make its collector voltage rise rapidly to form 

negative second pulse of pair.—C. D. Todd, 

Tunnel Diode Detects Currents Down to 100 

Femtoamperes, Electronics, 36:14, p 33-37. 

4.76 

+12 

-12 -6 +128 

0447 150K 

 ..220pF 

IK 
0495 1 3K 

0495 
-6 +128 =. +12 

-12 

10pF 100 

08 51 

62K 

+ 17 

150K 10pF 

220pF 

100 

09 51 
0-495 

+12 3.3K + 128 
-12 

150K 10pF 

220pF 
-L-

1K 

-12 

ol0 
0495 

3.3K 

100 

51 

"VW 
OUT 
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+20V 
REG 

CI 

15 

C3 
0.1 

o, 
2N527 

R9 

33K 

RECTANGULAR PULSES GENERATED IN PAIRS 

—Output A gives 50-millisec positive pulses 

and output B gives 120-millisec positive 

pulses, both square-wave and both at 0.5 

cps, with rise and fall times under 2 micro-

time to off time. Pulse width and inter-

pulse time can thus be adjusted inde-

pendently.—A. A. Dargis, On and Off Time 

ADJUSTABLE DUTY CYCLE—R2 varies off 

time from 0.25 to 40 sec, while R15 provides 

variation of over 100 to 1 in ratio of on 

03 

1N746 

06 

2N553 

R17 

820 

18 
820 

A 
07 

2N553 

+20V REG 

sec for 12-v pulses. Circuit uses one uni-

junction transistor, two npn transistors, and 

four pnp transistors.— R. W. Maine, Generating 

Two Rectangular Waves, Electronics, 37:18. 

P 82-83. 

7 

VARIABLE-WIDTH PULSE GENERATOR—Rheo-

stat in series with pulse transformer primary 

winding controls bias current to adjust output 

pulse width over range of 0.06 to 5 microsec. 

Rise time is less than 40 nsec.—Blocking Os-

cillator Has Variable Width Output, Elec-

tronics, 36:11, p 156. 

vb R1 280 vb R2 
A AA. 

2K 

K X 1,000 

e t 03 

1N645 
(6) 

ED4 

V, 

06: 

SINE-WAVE CLIPPER—When driven by sine 

waves, circuit gives high-quality square 

waves over wide frequency range. Output 

voltage is essentially constant at 1.5 y peak-

to- peak if input voltage is high enough to 

saturate silicon diodes.—W. E. Nemeth, Two-

State Sine-Wave Clipper, Electronics, 34:11, 

p 64. 

Adjusted Independently, Electronics, 37:31, 

p 50-51. 
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MONOSTABLE WITH ZENER CLAMP—Produces 

pulses of known length and amplitude when 

triggered by external pulse.—C. M. Stewart, 

Monostable Pulse Generator Employs Zener-

Diode Clamp, Electronics, 34:19, p 76-77. 

INPUT 

ST RIP LINE 
CONNECTOR 

R5 

50 4 

BROADBAND 
INPUT NETWORK 

INPUT 

FIXED FRED 
INPUT IMPEDANCE 
MATCHING NETWORK 

R1 

IK 

R3 I Ri 

27K I.5K  

C2 

4100 
PF 

0.02 

COLLECTOR 
WAVEFORM 

 r5-8V 

-150p,S T 5.IV L 

R6 

3.3K 
11( 2V, IKC 

_FL 

+I5V 

OUTPUT 

TRIGGER 

ZERO-CROSSING PULSES—Sharp pulse is pro-

duced at each zero crossing, for phase con-

trol of scr power supply. When instantan-

eous line voltage is zero, differential ampli-
fier 01412 is balanced and collectors swing 

to + 2.5 If, causing gate to produce 2-v, 20-

OUTPUT microsec output pulse.—S. Prigozy, Zero-Cross-

ing Detector Provides Fast Sync Pulses, 

Electronics, 38:8 p 91. 

+8V 

R5 

1.1K B 
 &AA 
• •.,v 

TO A 

R4 

1.1K 

C2 

2,000 pF 

•  

PULSE 
WIDTH 
CONTROL 
0-4 VOLTS 

I5V 

ICI 
2,000pr 

STRIPLINE 
CONNECTOR 

OUTPUT 

LONG DUTY CYCLE—Input shaping network (up to 100 Mc).—W. T. Rhoades, 100-Mc 

with fast-recovery diodes permits genera- Pulse Generator Provides 50% Duty Cycle, 

tion of wide pulses at high repetition rates Electronics, 37:32, p 42-43. 
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Cs 

6-60 
pF 

II5V A- C 

PULSE 
IN 
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+200-350 VOLTS 

180 

CRYSTAL-CONTROLLED PRR-Avalanche pulse 

R4 generator used with 10-Mc AT-cut crystal 

supplies nanosecond pulses with high sta-

bility and high repetition rate, for phase. 

R5 locking microwave oscillators and for gen-

2 crating vhf and uhf local oscillator signals. 

-J. N. Bridgeman, Crystal Accurately Con-

trols Avalanche Pulse Generator, Electronics, 

38:23, p 112-113. 

DESIRED 
SIG 
IN 

- 1 
I COMPOSITE 

47  
SIG 
OUT 

47 

47 1 ADDER 

-1 
UNDESIRED 

SIG 
IN 

1( ,- X 1,000 
SINE-SQUARE WAVE PHASE-SHIFT OSCILLA-

TOR-RI controls oscillator frequency and R2 

controls width of square wave having same 
IMPULSE GENERATOR-Transistor electronic B. T. Newman, Evaluating Radio Receiver frequency as sine-wave output.-F. W. Kear, 

switch driven by mvbr provides 10-microsec Susceptibility to Interference, Electronics, Designing Transistor Phase-Shift Oscillators, 
pulses at 1,500 pps for modulating receiver 34:15, p 70-74. Electronics, 35:11, p 72-74. 
close to 100% with pulsed interference.-

Rb 
251( I  C 500 

• RL 

i0.00I 
-t30-40 
Vb .,.. 

- _ 

NEGATIVE-RESISTANCE DIODE-C discharges 

through negative-resistance diode and load 

after being charged by source, at rate de-

termined by exponential function rather than 

by RC time constant.-A. P. Schmid, Jr., 

Negative-Resistance Diode Handles High 

Power, Electronics, 34:34, p 44-46. 

ON 
PULSE 

I 

22K 

\ 

22K: 

5.IK 5.11( 

VI 
5687 WA 

- 

0.01 

47K 

0.033 

-I(  
47K , 

I 51 10 pF 
   ( • lul• 

22K 

0.01 220K 

2.7M 

22K 
V2 

58I4A 

10K 

RFC RFC 

(2) 
0.002 RFC 

'Atli-
0.002 = 

47K 
10K 

A 

Ito 

V3 
5687 WA 

2.2K 

•  

1,000 

OFF   -s-, K.X 1,000 
PULSE 

PULSE FORMER WITH GATED R-F OUTPUT- megawatt pulses in range from 16 to 24 

Used to drive power stage that delivers Mc, under control from electronic timer of 
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STEPPING-SWITCH POSITION INDICATOR-

Transistor Q generates positive output pulse 

when input pulse is applied or removed. To 

obtain such positive pulses when stepping 

switch of automatic test set reaches positions 

1, 3, 4, 5, 8, and 10, contacts are connected 

to 10 v. Transfer for contact 1 to 2 then 

gives no output pulse, but moving from 2 

to 3 removes input pulse and thus gives de-

sired output pulse. Operation depends on 

underdamped oscillation in unloaded R-L-C - 

circuit, with only one negative oscillation 

because saturated transistor shunts tuned 

network.- R. J. Bouchard, Positive- Pulse Gen-

erator, Electronics, 37:21, p 74-75. 

C2 1 
0.1}.LF 

IN 

5.1 K 

R5 

100K 

R4 

100K 

R3 

100K 

10pF 

1,000-V PULSES-Positive 3-v input pulse 

switches 01, Q2, and 03 on in sequence, 

to produce 1,000-v pulse with short rise time 

for driving 20-kv pulse tube. High-voltage 

+ 1,000V 

STEPPING SWITCH 

SWITCH ROTATION 

50 607 

10 V 

TEN CONTACT 
POSITIONS 

10 

R1 

>>20K 

OUT 

03 
2N3439 

Q2 
2N3439 

ol 
2N3439 

TO PULSE 

GENERATOR 

rectifier diodes protect transistor string from 

spurious high-voltage spikes.- D. O. Hansen, 

Transistor Circuit Pulses 1,000 Volts, Elec-

tronics, 38:18, p 86. 

INPUT 
FROM 
STEPPING 
SWITCH 

R1 

10 K 

-10 V 

POSITIVE 
OUTPUT 
PULSES 

NEON-TRANSISTOR RELAXATION-Operates 

over range of 0.05 to 7,000 cps by adjusting 

values of Cl, C2, and R4. Average supply 

current drawn is less than 1 ma.-R. D. 

Ryan, Low-Cost Pulse Generator, Electronics, 

35:15, p 70. 

±0.002 

6,800pF 

25K 

3gH 

V9 
66 

I5K 

0.01 

 II  
152F 

15pF 68 

56pF 0.01 

—1 0 i-•-1 
XTAL 

8 - 12 MC 

Stellarotor. V2 is univibrator, and V4 is 

crystal-controlled oscillator-doubler.- H. M. 

-6275V 

6,800pF 

L2 

470pF — 

T3 

470pF 

5.16 

_L 
= 0.01 

V6 
6146 

7.5K 
BIAS 
ADJ 3.3K 

10K RFC 

1 — 20 0.01 0.0. 

0.01 
 r 

Hill, it., Deliveriny Mcyowatt R-F Pubes 34:29, p 70 73. 

for Resonant Heating of Plasma, Electronics, 

To 
COMMERCIAL 
R- F AMRL 

0.002 = 

1 0.01 

0.01 

+500V 

I75V 
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47 
INPUT 

56650 

91 

68pF 2N1I42 

180 

Ee5K ==. 0.1 

13+ 

©2N79' 

  OUTPUT 

270 
91 

TUNNEL-DIODE PULSER—Switching voltage obtained into 91 ohms at clock rates up to 

change of tunnel diode is differentiated 140 Mc.—M. V. Harrison and R. S. Foote, 

and amplified by grounded-base amplifier. Tunnel Diodes Increase Digital- Circuit Switch-

With 8-v supply, 5-v output pulses are ing Speeds, Electronics, 34:32, p 154-156. 

R1 

150K Eb + 150V 

¡DI 
02 

RI 

30K 

Cl 

15 

+15V 

200 

2N2647 

PULSE 
OUT 

47 

UNIJUNCTION TRANSISTOR GENERATES DE-

SIRED NUMBER OF PULSES—Number of pulses 

generated each time switch 51 is operated 

increases linearly from 0 to 140 as battery 

voltage is increased from 11 to 35 v. Charge 

transferred from Cl to C2 fires transistor, 

discharging C2, with cycle repeating until 

C2 voltage drops below firing point.— R. 

Ferrie, Unijunction Circuit Generates Specific 

Number of Pulses, Electronics, 37:15, p 78. 

'1M D5 E D6 

VI 

1/2 12AT7WA 

R2 

5.6K 
w. 

68K 

FLfl 
OUTPUT IV 07 
TO DISC 

R5 

330K 
R6 22K4 03 4 — 22K 

1,500 1,500 

R8 

120K 

03 

68K 

4 

1,000 

680K' 

C5 
1,000 

;330K 

V28 
1/2 58I4A 

Es 

5725 

z1,000 

06 

270K 

DISC 
GATE 
INPUT 

DIO 

INPUTS 
FROM 

PHANTASTRON 
SCREENS 

330K 

330K 

0 14 

0 13 

D8 1M 

015 

C7 

3,300 

--= 
-300V with incoming video data even when sync 

TWIN-PHANTASTRON—Frequency of free-run- gates starting pulses to phantastron when- pulse is missing or below noise level.—W. C. 

ning twin-phantastron oscillator V3-V4 varies ever it fails to oscillate. Used to generate Whitworth, Plate Voltage Control of Phan-
with controlled voltage ES ( upper right). V5 train of pulses that continues in synchronism trastron Frequency, Electronics, 34:6, p 73-74. 

1M 

4-150V 

100K 

V5 

5751 

5,600 / START-SIGNAL OUTPUT 
TO PHANTASTRON OSO OUTPUT 

TRIGGER 

1M ALL DIODES JAN 1N458 

K = X 1,000 
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PHANTASTRON—Reversal of current and volt-

age functions of basic thtee-transistor phan-

tastron sweep generator results in pulse 

output that is derivative of sawtooth sweep. 

—N. C. Hekimian, Phantastron Circuits Using 

Transistors, Electronics, 34:8, p 46-47. 

INPUT 

+2V 

+5V 

DI ® 
1N914 

l+ 
Ci 
50uF 

—5V 

02 
1N914 

R3 

+ — 47 

C2 

50µF IR 
27K 

+3V 

+25V 

1 R CONTROL 

RISE 
TIME 

8 

R7 

1.5K 

25K 

R5 

25K 

1 5K 

+6V 

+5V 

Rg 

47 

Q2 
2N2894 

04 

2N2368 

FALL 
TIME 
CONTROL 

47 

-5V 

+6V 

U 

SINGLE SCS—R4 varies relaxation frequency 

of pnpn silicon controlled switch from 1 to 

500 pps, independently of pulse duration 

and amplitude. For operation in gated mode, 

cathode gate pulse at input should be — 1.5 

y at 50 microamp.—H. H. Wieder, Silicon 

Controlled Switch Can Generate Pulses, 

Electronics, 38:2, p 79. 

RISE AND FALL TIME RANGE 

10 TO 100 NANOSECONDS 

0.1 TO 1.0 MICROSECONDS 

1.0 TO 10 MICROSECONDS 

10 TO 100 MICROSECONDS 

100 TO 1,000 MICROSECONDS 

VALUE OF C3 

10 ia ktF 

470 

4,700/..t.µF 

0.047µF 

0.47,1.F 

+3V 

D3 

1N914 

04 

1N 9 14 

Rig 

100 

1C3 
T4,700 F 

77. 

+5V 

—2U 

05 

2N236e 

-/ L-1.75 

OUTPUT 

R11 

2.7K 

ADJUSTABLE RISE AND FALL TIMES—Con-

stant- current source 01-02 charges C3, while 

constant-current sink 03-04 discharges C3. 

—D. N. Lee, Rise Time Adjustment Inde- 76-78. 

pendent Of fall Time, Elecironii.s, 30.2, p 
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DI 

1N90 

•  OUTPUT 

t -•-. 1g SEC RISE-

02 , 

1N90 « 

sec.— R. W. Bailey, Push Button SCR Equals 

Fast Pulse, Electronics, 37:30, p 41-42. 

vcc 

RISE AND FALL CONTROL—C1 controls range 

of rise and fall times, from 10 nsec for lOpf, 

to 10 millisec for 0.1 mfd. Used for testing 

pulse networks.— D. G. Larsen, Pulse Gen-

erator Controls Rise, Fall Time Independently, 

Electronics, 38:19, p 98-99. 

L2 
2.5 mh 

SINGLE PULSE—Push button fires scr to pro-

duce single pulse with rise time of 1 micro-

Cl 
T C2 0 002  0.005 

DELAY LINE LINE 

CONSTANT-WIDTH HIGH-CURRENT PULSES— 

Circuit generates negative pulses from - 2 to 

12 y with rise and fall times less than 30 

R3 

6.8 K 

SQUARE-WAVE TUNNEL DIODE—Short-cir-

cuited coaxial cable may be connected 

either in series or in parallel with tunnel 

diode of basic relaxation oscillator, to get 

square-wave output with excellent frequency 

stability over entire bias range.—Wen-Hsiung 

Ko, Designing Tunnel Diode Oscillators, Elec-

tronics, 34:6, p 68-72. 

110 V 
(FROM INVERTER) 

FISH SHOCKER—Two thyratrons serve as d-c 

interrupter that alternately connects and dis-

connects d-c generator from load consisting 

of fresh-water path between aluminum boat 

and aluminum grid 6 ft away. Fish swim 

toward positive electrode, receive shock, and 

are temporarily stunned. Timing circuits de-

termines number and duration of pulses.— 

H. P. Dale, Electronic Fishing with Underwater 

Pulses, Electronics, 32.4, p 31-33. 

02 
2N974 

nsec. Amplitude and spacing depend on 

supply voltage. For positive output pulses, 

use npn transistors and positive supply.— 

R6 

120 
1 WATT 

OUTPUT 

03 

R4 
330 

C. P. Hohberger, Fast Pulse Generator Tests 

Digital Circuit Delay, Electronics, 39:4, p 

88-89. 

2N2635 
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CONTROL FOR FISH SHOCKER-Produces tim-

ing pulses that can be varied in range of 2 

to 30 cps, with durations up to 250 millisec 

for square waves. RI changes frequency of 

oscillator V3, while C6, R4, and R5 in delay 

mvbr V5-V6 determine Width of pulse.-H. P. 

Dale, Electronic Fishing with Underwater 

Pulses, Electronics, 32:4, p 31-33. 

RI 
2.2M 

(-) GATE CI 
INPUT 0.047 

+150V 

270K 

V3 
604 

o 

2X 0.02 

TRIG 

- , 
20V --I 

4X 0.005 

4.7K 

C21-

VI 

330 
R2 R5 R6 
10K 1.5K 3.9K 

5814A 
Or 

6111 

RI 

5 MEG 
C2 

0.25 

1C3IK 
0.01 

0.01 

2 
IK 

R3 
10K 

I2K 

100K 47K 

LA-AA) ON 
PULSE +258 V 

C5 27K 

V48 V48 , 
'5A 6A 

5963 596 
100 

C4 
  0.01 

I6K 

120 K 

I5K 

9IK 

K X 1,000 

C5 
Re 0 047 

V2 V3 

I R3 R7 
I.5K 

C3 
4700 

5814A 
Or 
611 

IC4 
470 

IR4 
1 K Unless otherwise stated: 

R in ohms; L  

C>linpf; -1sov 

TRIG 
2021 

+700V 

510K 

50aH 

LINE PULSER 
3C45 

( COAx . MTG.) 

+3KV ( ADJ) 

50 OHM ADJ 
LINE STRECHER 

10' 

5.IK 

;R9 
4.7K V4 
5814A 

6111  
or R 0 

330K  C6  
1200 R12 RI I 

47K 4.7K 

3KV 
( ADJ 

V5 

RI3 

OUTPU, 

50 
F 

5 

R4 
MEG 
100K 

C6 

0.1 

V7A 

R6 

MEG 100K 

27K 

82K 

100K 

Cl 
0.001  

•ie OFF 
PULSE 

82K 

27K 

PREFERRED DISTANCE-MARK GENERATOR-

Produces train of accurately spaced pulses. 

Number of pulses in train is determined by 

duration of input gate, and distance mark 

spacing is controlled by values of Li, C2, 

and R3. R13 is 250 ohms maximum. Out-

put is 0 to 50 y positive, for distance mark 

spacings of 0.5 to 25 miles in search radar. 

V2 is switched Hartley oscillator, whose 

output is shaped by mvbr shaper V3-V4, for 

triggering blocking oscillator V5 to produce 

narrow marker pulses.-NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube Cir-

cuits, 1963, PC 55, p 55-2. 

+700V —0-1 40g. SEC 
ADJ 

54K 150K 

10 

1. 0.02 T 6KV 

— 14 
lug SEC 

I 0.02 
6KV 

PULSE OUTPUT 3KV INTO 3011 
REP. RATE TO 20OPPS 

0.001 
IKV 

10 

7. 

HARD TUBE PULSER 
- (4) 

- MJ V- 9V IOV 10V 3021 

30-NSFC, 5,000-V, 30-AMP PULSES-Used for 

testing magnetic materials at narrow pulse and give some degree of regulation during Electronics, 34:36, p 72-75. 

widths. Four hard tubes in parallel drive pulsing.-G. A. Reeser, How Magnetic Ma-

82K 

108 V 

SHUNT 

_ 0.02 0.02 _ 
6 6KV KV 

*see. 
10 

0.001 
1KV 

 )1-6 

test cores with 0.1 megawatt peak power terials Behave at Nanosecond Pulse Widths, 
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CONTROL 
SIGNAL 
INPUT 

K X 1,000 

SQUARE 
WAVE 
OUTPUT 

COMMON-BASE BLOCKING OSCILLATOR— 

Nonsaturating-type triggered blocking oscil-

lator is used when fast response is de-

sired. Often used as pulse generator when 

waveform requirements are not critical.— 

Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 430. 

AMP PHASE INVERTER 

1N659 

0.001 2N338 

O  

Trigger 
input 1 K 

5K 5K 5 K 69 K 

5965 

0.01 
o 

5965 

600 

TRIGGER 
IN 

GAIN  

6700 

 11-• 
0.0001 

0.00rI 
100K 

pl 

>4 

0.0001 100K 

K = X 1,000 

56K 

100 K 

100K ALL 

0.05 

100K )1114 

• 1 56K 

100K 

0001 

ALL DIODES= IN 283 

NINE-BIT WORD GENERATOR—Beam-switch-

ing tube provides arbitrary nine- bit words 

at pulse rates from few cps to 1 Mc, for 

testing digital systems. Output can be 

56K  
)1  

100K 

56K 

+150 V 

 )  )4 100K 

 )1 14 
100K 

56K 

100K 

 )1  100K 
14 

5.6 K  
looK )1  

56K 

yr5'‘.6V-T<  

12 K 

OUT -9V -3V SYNC OUT 

TRANSFLUXOR OSCILLATOR—Holds frequency 

setting for many hours after removal of 

control signal. Operates between 100 kc and 

1 Mc. Gives square-wave output.— R. J. 

Sherin, Transfluxor Oscillator Gives Drift-

Free Output, Electronics, 33:10, p 48-49. 

+30v 

N2 N3 

changed from spike to square wave by 

changing plug-in capacitors.— R. R. Hartel, 

Word Generator for Digital Testing, Elec-

tronics, 31:9, p 71. 

Load Output 

Pulse transformer: 

Aladdin 90-722 
N I : N2 : N3= 5 : 1:1 

100 

L- F 
SIGNAL 
SOURCE 

TEST POINT 2 

270 27 0C170 

065 3.3K 

TUNNEL-DIODE PULSE GENERATOR—Nega-

tive-resistance characteristics of tunnel diode 

gives fast- rise-time rectangular pulses, in-

dependently of signal frequency. Used here 

with common-base transistor amplifier—G. B. 

Smith, Tunnel Diode Generates Rectangular 

Pulses, Electronics, 33.48, p 124-125. 

10V 

D2 
ZENER 
DIODE 
T 1 -653C9 

K - X 1,000 

SIMPLE SQUARE-WAVE GENERATOR—Circuit 

performance is made independent of active 

elements by using transistor only as switch. 

For reliable operation, circuit requires extra 

10% of output-pulse-width dead time be-

tween triggers.—C. A.. Von Urff and R. W. 

Ahrons, How to Generate Accurate Sawtooth 

and Pulse Waves, Electronics, 32:50, p 

64-66. 
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AVALANCHE SWITCH— Low-cost germanium 

transistors used in avalanche mode provide 

narrow pulses with fast rise times. Width of 

input pulse determines number of output 

pulses. For testing counter, collector volt-

age of Q2 was adjusted for ten pulses per 

input pulse, at input repetition rate of up to 

100,000 pps.—B. S. Ahn, Germanium Transis-

tor As Avalanche Switch, Electronics, 37:30, 

p 44. 

SPRAGUE 
1026 

30k 

180pF 

ALL TRANSISTORS 
2%45 OR TA - 1830 

SOLID CONNECTIONS ARE 
FOR POSITIVE TRIGGER-
DOTTED ARE FOR 
NEGATIVE TRIGGER 

C2 
180pE Dy 

( 14 
IN253 

2,2C030— 
pF 

39K 

PULSE ENGINEERING 

THREE-OUTPUT PRF GENERATOR—Switch gives 
choi,f 2(10, 100 , nn, R00 pps Output C 

is negative, and other outputs are positive. 

03 

IN253 

CI 

Ip.F 

INPUT 

PULSE 
WIDTH 
ADJUSTABLE 

V1:1-90 V 

Veitis. -3V 

R3 I0 

PE- 2502 

OUTPUT 

D-O 
POWE1, 

IN 

ADD SERIES 
DROPPING 
RESISTOR 
IN UN-
GROUNDED 
LINE 

K: X 1,000 

Output B has positive overshoot to provide 

trigger that is delayed with respect to out-

puts A and C by width of pulse.—NBS, 

OUTPUT 
(SEE PHOTOGRAPHS) 

TRIGGERED SQUARE-WAVE GENERATOR— 

Synchronizing trigger signal drives phase 

splitter Ql, which in turn feeds blocking 

oscillator 02. Output from emitter-follower 

03 is 1-microsec-wide pulse into 90-ohm 

load. Depending on connections for Q1, 

either positive or negative input pulse 

greater than 5 y will trigger generator. Max-

imum prr is 40 kc.—R. E. Daniels and C. 
Swoboda, Pulse Generator for Synchronizing 

Events, Electronics, 33:24, p 63. 

OUTPUT OUTPUT 

B1-- C 
47K 

"Handbook Preferred Circuits Navy Aero-

,iuut;cal Electronic Equivnent," Vol. 1, Elec-

tron tube Circuits, 1963, p N5-2. 
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V.n 2 VOLTS 

Vo ' II VOLTS 

RINGING-TYPE PULSE GENERATOR—Used in 

some large high-speed computers to transmit 

pulses from central unit over long distances 

as d-c levels, then convert back to pulse forms. 

To convert level back to pulse, transistor 

switch is turned off by positive-going wave-

front energizing ringing circuit. Input trigger-

ing of ringing stage is accomplished when 

definite threshold level is exceeded.— Pulse 

Generator for High-Speed Computers, " Elec-

tronic Circuit Design Handbook," Mactier Pub. 

Corp., N.Y., 1965, p 75. 

i MEG 1 R 2 MEG CH .1jJF 

1 1 1 1 1 
36—. 1801 6501'7001 .21-pF 

10K 

s, 

A E 

40K 

t 20K 

eD 

50 K 

TRIMPOT   

MD 200 SERIES 

GATED-BEAM SQUARE-WAVE GENERATOR— 

Amplifies without attenuation up to tenth 

harmonic of square-wave fundamental, from 

which output of 50 to 500,000 pps can be 

adjusted over desirable range without wave-

form distortion. Uses twin-triode 12AU7 as 

symmetrical mvbr, 6BN6 as gated-beam 

 IC  

1 1 1 1 1 

36 s 180 650 9— 7000 .13' T 
P 

10K 

I2AU7 

40K 

A 

0 K 

25 K 

Vo 

51,400 

I5K 

3.3 
¡MEG 

VARIABLE SQUARE WAVES—Output is ad-

justable from 0.5 cps to 60 kc at currents 

up to 150 ma, without appreciable corner 

rounding of waveform, with variable pulse 

width and variable interval between pulses, 

for driving flash lamps, relays, and com-

puter gates.— J. D. Reed, Square Wave Gen-

erator with Variable On and Off Times, EEE, 

10:10, p 27-28. 

ALL CAPACITORS IN 1.1 p F UNLESS NOTED 

tube, 6AN6 as wideband amplifier, and 6AG7 

as cathode-follower output. Operating fre-

quencies are changed by SI and 52. R27 

adjusts output signal level from 0.8 to 8 y 

peak to peak. Rise time for 500-kc signal 

is better than 0.07 microsec. Provides 5 dis-

tinct repetition rates ( 50, 1,000, 10,000, 

+300 V 

39 K 

R26 -= 4 0 eiF 
200 -r  

EOUT 

R26 
47 

100,000, and 500,000 pps) for checking am-

plifiers up to at least tenth harmonic of fun-

damental repetition ratio.— Gated-Beam Tube 

Square-Wave Generator, "Electronic Circuit 

Design Handbook," Mactier Pub. Corp., N.Y., 

1965, p 175. 
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OCI7 0 

PULSE-SQUARING ZENERS—Addition of zener 

diodes to transistor amplifier fed by tunnel-

diode pulse generator improves output wave-

form.—G. B. Smith, Tunnel Diode Generates 

Rectangular Pulses, Electronics, 33:48, p 124-

125. 

VCONT 

330 

VOLTAGE-CONTROLLED PULSE SPACING— 

Unijunction transistor circuit generates train 

of pulses with constant pulse width but 

with spacing linearly adjustable over 20-to- 1 

range by voltage V, which varies trigger 

point of ujt 02.—A. M. Ridenour and F. 

Turco, Unijunction Controls Spacing Between 

Pulses, Electronics, 39:14, p 82-83. 

TO POWER 
SUPPLY 

4.7MEG XI 

PULSE R2 
AMPL 5° 5' 

K 

PULSE = ACTUATOR 
SELECTOR CURRENT 
SINGLE ADJUST ( 
PULSE • 40 I 

RANGE MULTIPLIER 

IN   
SELECTOR = 

OC( EXT 
1 Rg D-C 

MEG 

EXT 
PULSE 

Re 

I MEG 

INT 
PULSE 
FUNCTION SELECTOR 
RI 
39K 

1-- CAL 
READ 0 ilAL 

A CI MERCURY 
Sj —="' CELL 

ISWITCH PUSH 
(COAX) TO READ 

LOAD INDICATOR 
CAL R3 

POWER SWITCH R4 10K 
20K 

C\( S6\71— 
DRY CELL 

-I- 225V 
II5V A-C 
TO POWER SUPPLY = ISO 

CALIBRATED MILLIMICROSECOND PULSER— 

Uses coaxial discharge line to produce pre-

cise short pulses on keyed single- shot ba,:s 

or at constant repetition rate. Works into 

.50-.hca load. — E. J. AAn,tin, Ir . Calibrated 

Source of Millimicrosecond Pulses, Electronics, 

32:16, p 56-57. 

+I5V 

VARIABLE FREQUENCY AND VARIABLE DUTY 

CYCLE— Frequency and duty ratio can be 

varied independently to generate desired rec-

tangular wave. Ujt is used in conventional 

sawtooth generator. Two transistors provide 

VARIABLE-PULSE-WIDTH GENERATOR—Con-

verts fixed negative pulse-width input to 

variable and stable pulse width. Will accept 

positive inputs if Ti and T2 are changed 

from 2N1308 to 2N1309 and collector volt-

ages reversed. Will operate at repetition 

01 
2N2 102 

R, 
:é< 

R3 
POT 

CI 20-K 

R4 
:K 

O 0047/.‘r 
R2 

12 K 

POSITIVE PULSE 
INPUT 

+24V 

IN 4009 

OUTPUT 

positive-going output when ujt emitter volt-

age exceeds npn emitter voltage. Frequency 

range is 60 to 1,000 cps.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 344. 

OU 
2N2IO2 

DELAYED OUTPUT PULSE—Only three tran-

sistors are required to generate output rec-

tangular pulse That is delayed a prerle-

termined time after arrival of input pulse. 

Delay time is determined by Cl, R3, and R4, 

PULSE WIDTH 
VARIABLE FROM 
4-6µ SEC. 

rates from 30 cps to 2 Mc, with pulse 

widths from 600 microsec to 100 nsec. With 

values shown, maximum duty cycle is 92% 

with 63-microsec input rep rate.— H. D. 

Flagle, High-Duty-Cycle Pulse-Width Genera-

tor, EEE, 11:8, p 27-28. 

R5 
> 1K POT 

20-K 

000047,2 

03 
2N2:02 

Re 

K 

OUTPUT 

and is about 10 microsec for values shown. 

Output pulse width is also about 10 microsec. 

—T. R. Ferrara, Delayed Pulse Generator, 

EEC, 13.10, p 71 
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0.1 

1:0.001 

R5 

II V 

1.3K 

FR E0 
SEL 

SWITCH 

C 4 

36 5fi,u F 

0, 

2N501 

R 3 R4 

200K 270 

R2 6.2K 

.1 

BASIC HARTLEY—Sine-wave oscillator, tun-

able over 3:1 frequency range by C4, uses 

switching transistor. Used in pulse generator 

for testing high-speed digital computers.— L. 

Neumann, Transistorized Generator for Pulse 

Circuit Design, Electronics, 32:14, p 47-49. 

X 1,000 

1 
.1 0.001 

MULTI-WAVEFORM OSCILLATOR— By varying 

collector load, emitter resistors, and C, oscil-

lator can produce triangular wave, square 

wave up to 30 Mc, microwatt audio signal, 

or serve as voltage-controlled oscillator. 

Values shown, with 6-v supply and 0.01 mfd 

for C, give 0.8 y peak-to-peak square wave 

at about 1 Mc.—P. Lefferts, Multi-Oscillator 

Gives Simple Waveforms, 30-Mc Output, 

EEE, 12:10, p 60. 

TYPICAL 

INPUT 

PULSES 

PULSED OSCILLATOR—Circuit is piAsed on 

only when required, as in tone generators 

where output is needed only occasionally 

OUTPUT 

4,020 VOC ) 

SCS SQUARE-WAVE GENERATOR—RI-C de-

termines half the period, and R2-C the re-

mainder. R1 should equal R2 for square-

wave output. Potentiometer varies pulse 

width without affecting frequency. Outputs 

are equal and oppositely phased.—"Transis-

tor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 434. 

OUTPUT 
LINES 

180 K 

RI O. 25 
R3 

ci 

60 mfd 
50 VDC 

STEPPING SWITCH PULSER—Used to advance 

stepping switch automatically at predeter-

mined rate, in automatic test equipment 

providing go-no-go indications. Cl controls 

output pulse width to give 80-msec on time, 

and power must be conserved. Uses Wien-
bridge oscillator having range of 100 cps to 

100 kc, which operates only when gating 

-20vDC .20VDC 

5K, 3 Mil 
RELAY 
Ki 

ai 
24336 

0 25* 

for reliable actuation of switch that normally 

requires 20 millisec. Range of off time, con-

trolled by RS, is 20 millisec to 7 sec.— C. 

Wilson, Step Switch Pulser, EEE, 10:11, p 
26-27. 

T--
40V 

6V 

15V 

5.4 V 

0 V 

OUTPUT 

PULSES 

pulse is applied to input. Amplitude of 

output oscillations varies with amplitude of 

gating pulse.— R. C. Lavigne and L. L. Klein-

berg, Pulsed Oscillator Conserves Power, 

Electronics, 39:17, p 98-99. 
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0 TO- 6V 

R3 
560 

iN270 
GATED ASTABLE PULSE TRAIN GENERATOR— 

Uses standard logic circuits with self- com-

pleting action to produce pulse train having 

any desired integral number of pulses. First 

pulse starts when SI is closed, and last 

pulse is completed when SI is open. Self-

completing action is produced by or function 

of Si and CRI.—M. Neidich, Self-Completing 

Gated Astable, EEE, 13:1, p 66 and 75. 

+24 

01 
2N1613 

360 K 

+24 

R4 
15K 

CI 
10µ F 

02 
2N492 U 2N492 

+24 

R6 
390 

03 

R5 

910 

LEVEL DETECTOR—Provides constant-width 

pulses at fixed repetition rate whenever 

input signal exceeds predetermined level. 

Maximum current drawn from signal source 

is only 35 microamp.—J. G. Peddle, Two 

Unijunctions Form Low-Cost Level Detector, 

Electronics, 39:8, p 94. 

INPUT 

0.1/L F 

ALL DIODES 1N3064 

U1 

OUTPUT 
PULSE 

+9 V 

— 9 V 

OUTPUT 

3.3K 

3.3K 

VARIABLE PULSER—Operates with any power 

supply voltage from 1.5 to 20 v, and gen-

erates symmetrical or nonsymmetrical low-

impedance pulses from 0.5 ppm to above 

200,000 pps. Used for controlling repetitive 

operation of certain analog computers, and 

as source for checkout of digital circuits 

—J. V. Gaudiosi, Variable Pulse Generator, 

EEE, 11:2, p 27-28. 

E bb — 10 

3.3K 3.3K 

07,.‘f 

G.E. IN2939 

H 
300µ sec 

2N396A 

NOTE Vv≥ 35 VOLTS 

ASTABLE HYBRID TD-TRANSISTOR SQUARE-

WAVE GENERATOR—Fast switching capability 

of tunnel diode contributes to clean output 

waveform of mvbr configuration.—"Transis-

tor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 367. 

LOW-COST SQUARE WAVES—Conversion cir-

cuit coupled to sine-wave audio oscillator 

gives square-wave generator at half usual 

cost. Will shape sine waves up to 3 Mc 

before trailing edges of square-wave output 

begin to deteriorate. Can be triggered by 

input signals from 0.2 to 10 v. Positive input 

turns on DI and QI, driving amplitude-

limiting pair Q2-D2 into conduction to square 

up waveform. Lower half of circuit gen-

erates negative square pulse in negative 

manner.—R. S. Selleck, Converting Audio Os-

cillators to Square-Wrive Generators, Elec-

tronics, 39:16, p 12.4. 



532 SOURCEBOOK OF ELECTRONIC CIRCUITS 

• 25v DC 

/WV 
OSC ILLOSCOPE 
SAWTOOTH 
OUTPUT 

RI 
2.5meg 

+9V 

24K VARIABLE WIDTH AND VARIABLE PRR—Gives 

wide range of control over pulse width and 

pulse repetition rate, while maintaining syn-
R2 chronization with oscillosope. Can be con-91K OUTPUT 

structed with banana plugs for sawtooth 

2N697 output jacks of scope.— R. G. Rakes, Simple 

Variable Width, PRR Pulse Generator, EEE, 

13:11, p 45-46. 

0.05 CPS TO 10 KC POSITIVE PULSES— Uses 

two-transistor equivalent circuit for double-

base diode, to give better reliability and 

more uniform performance in recycling 

timers, indicator readouts, and switching 

regulators. With parameter values shown, 

frequency is about 1 cps and pulse width is 

30 millisec.—G. B. Mahoney, Low-Frequency 

Pulse Generator, EEE, 12:6, p 63-64. 

VOLTAGE-CONTROLLED PRR—Input change 

of only 0.5 y will change pulse repetition 

rate of generator by factor of more than 1 

to 10,000,000. Output pulse is about 0.3 mi-

crosec wide, with rise and fall times of 20 

nsec. Addition of back-biased diode CR2 ex-

tends low-frequency limit below 0.05 pps.— 

G. Richwell, Wide-Range Voltage-Controlled 

Pulse Generator, EEE, 13:10, p 72-77. 



CHAPTER 65 

Pulse Height Analyzer Circuits 

1,000 

RI 

BIAS 31.6K 
CURRÉNT 

C 3 

VOLTAGE 0.01 
JL INPUT 

SIGNAL 

C4 

CURRENT 0.1 A 
if INPUT 

SIGNAL C1 

01 0.1 

It osnoo 

4.7K 

R3 

'14.7K 

C2 
0.001 681 

02 

, 05/100 

0, 

2N501 

R2 

6.8IK 

Re 
82 

-I.5V 

-4.5V 

R 5 
' 2.15K 

+30V 

1 7-

02 
2N501 

330 

OUTPUT 

-6v 

AMPLITUDE DISCRIMINATOR— Used in nu- set by adjusting bias of diode Dl. Accuracy son, Achieving Discriminator Levels with a 

clear physics to determine whether voltage is within 1 microamp at 50-microamp trig- Biased Input Diode, Electronics, 33:21, p 

or current input pulse is above or below gering level, or within 0.4 mv at 10-mv trig- 89-91. 

predetermined level. Triggering threshold is gering level.— F. S. Goulding and L. B. Robin-

820K 

INPUT 0 01 
PULSE _   

• 
FROM 
AMPLIFIER 

10K 

LEVEL CHANGING 

STAIRCASE 

0.04 

3.3 K 

25014 
03 

820 K 

28014 

2S01(;16 

K 

0.04 

2N496 
, 

+6V 

OUT 

given wavelength band.-1. Ackroyd, Orbit-

P ULSE- HEIGHT DISCRIMINATOR—Selected for 11.ed time) to cavntnr that registers av- ing Spectrometer Plots Solar X-Rays, Elec-

pulses pass through timing gate 07 (open erage intensity of solar radiation falling in tronics, 34:43, p 55-57. 
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PULSE 

AMPLITUDE 
IS EITHER 3584 
I OR 3V 

PULSE HEIGHT 

INPUT lee) 

CI 
1_0.25pf 

+ESUPPLY 

10K 

CR1 
HU 25A 

C2 

DISCRIMINATOR— Delivers trig-

ger pulse when input signal reaches pre-

determined threshold. Used in nuclear count-

ing experiments, in satellite and rocket ap-

PULSE AMPLITUDE DISCRIMINATOR—Input of 

1 y triggers SCS1 but not SCS 2. Input of 

3 y is delayed in reaching SCSI by R-C inte-

grating network and therefore triggers SCS2, 

which raises common-emitter voltage to pre-

vent SCSI from triggering.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 433. 

INPUT 

Er + 15 VOLTS 

Di 
1N1773 

PWM TELEMETRY—Width or height of input 

pulse determines whether trigger 01-Q2 will 

be on long enough for C to charge to voltage 

DL1 
0.5p SEC 

2.7K 

IN2929 
CR2 

R3 EN« 
12011 

01 
2N703 

OUTPUT() 

CR3 
SV 126 

plications where sensitivity and stability are 

essential.— R. H. Wagner, Stable, Sensitive 

Pulse Height Discriminator, EEE, 10:7, p 28-

29. 

VOLTAGE DISCRIMINATOR—Output changes 

sharply when input signal rises above preset 

threshold such as 10 v, with circuit returning 

to initial state when input reaches still higher 

threshold such as - 11 v. Width of resulting 

R 3 

150 

2N1305 

f 5 C ; R7 e R9 
C 0.5", F 470 P 1.5K 

•  
1.5 K 

output pulse can be changed by varying 

RI, R2, or R3.—C. D. Todd, Sharp Discrimi-

nation of Voltage Differences, Electronics, 

38.19, p 97-98. 

that will make trigger Q3-Q4 produce out-

put 

R lo 
2.2K 

OUTPUT 

04 
2N1305 

Senses Pulse Width and Height, Electronics, 

pulse.— R. G. Ferrie, One Discriminator 38:8, p 90-91. 
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FAST AMPLIFIER FOR RANDOM TELEGRAPH 

WAVE—Amplifies small pulses above thresh-

old value without being overloaded by large 

pulses derived from radioactive isotope and 

phosphor on envelope of multiplier photo-

tube. Two feedback loops, similar to Oak 

Ridge-Fairstein and Brookhaven-Chase cir-

cuits, help to stabilize gain.—J. B. Manelis, 

Generating Random Noise with Radioactive 

Sources, Electronics, 34:36, p 66-69. 

+ 12 V 

15K 

270 

—12 V — 20V 

FROM RAMP 
GENERATOR 

270 

+12V -h 20 V 

VOLTAGE LIMIT DETECTOR—Consists of two 

voltage dividers that set the levels between 

which ramp generators should remain in 

tester that shows computer memory perform-

UildCr marginal drive currents by plot-

ting schmoo curves. Npn transistors are 

2N706, pnp transistors are 2N1132, and 

+ 300 

0.047 

FROM 
MULO 
PHOTOTUBE 

25 

1.3K 

6AU8 

220K 

390K 
-85 2.4K 

TUNNEL-DIODE DISCRIMINATOR —Td 1, biased 

close to its peak current, is connected to 

d-c amplifier to overcome inherent limita-

tions of tunnel diode. When input voltage 

makes current through R3 exceed diode peak 

current, diode switches to its high-voltage 

state of 0.5 v. Q1 amplifies this .hunge by 

factor of 10, and C/2 initiates start of square-

wave output. When input drops, circuit and 

diode revert to original state. Rise and fall 

times are about 10 nsec.—G. Marosi, Ver-

satile Tunnel-Diode Discriminator, EEE, 14:5, 

p 120. 

FROM OTHER 
— LIMIT 

DETECTOR 
CIRCUIT 

4 K 

§7.5 K 

TO 

SINGLE 
SHOT 

diodes are I N921.—J. E. Getsbuch, 

Schmoo Plot: Testing Memories 

cally, Electronics, 39:15, p. 

PULSE HEIGHT SENSOR FEEDS 

Th. Great 

Automati-

127-134. 

I6K 

TO 
SCHMITT 
TRIGGER 

1/2 6AU8 
V; 

1 0.22 

TO SCALING 
AND GATE 

SCALER—Tun-

nel-diode 1N2929 senses pulse height 

through isolating unijunction diode HU25. 

Voltage input signals above preset thresh-

old give negative output pulse for scaler.— 

R. Cuikay and T Callhan, Orbiting Observa-

tory to Measure Sis' Dim Light, Electronics, 

37:9, p 28-31. 
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-90V 

.12. Z1.1.0 UT 

TRIGGER 
LEVEL 
ADJUST 

50 

-20V 

+22V 

WINDOW 
WIDTH 

ADJUST 

170 

13 
90V 4•••4%.• 

SIGNAL AMPLITUDE ANALYZER—Width of 

rectangular output pulse is proportional to 

time spent by signal between specified volt-

age levels. Used to determine probability 

e-10-1 

III 

_ 

NEG RESET - 20 V 

2N9I7 

02,Q3 . 2N2784 

-I-75V 

50 

TUNNEL- DIODE LEVEL DISCRIMINATOR—Tun-

nel diode at input of high-gain amplifier 

stage gives highly accurate trigger action 

even for slowly rising input pulse. Used with 

quinary scalers to measure time intervals 

accurately to within 1 nsec.—R. Englemann, 

Quinary Scalers: Measure Time Intervals Digi-

tally, Electronics, 37:5, p 34-36. 

Eoul 1 

-= 50K 
MATCHED 

CIRCUIT WAVEFORM 
NUMBERS INDICATE 
VOLTAGES 

300V 

amplitude dens ty functions.—T. A. Bickart, 

Amplitude Slice for Signal Analysis, Elec-

tronics, 32:9, p 64-65. 

O 
• 

one   e7e) 

t  -SOY 

g ¡NM 

1 wool-

rue • FLOP 
0.411 

SHOCK SPECTRUM ANALYZER—Inexpensive 

peak memory unit has indefinitely long 

memory, to retain information long enough 

for all channels to be recorded. Shock spec-

trum of input pulse is then defined by peak 

voltages across capacitors in all memory 

units. Output is d-c level for automatic re-

cording or plotting.— D. F. Palmer, Shock 

Spectrum Analyzer, EEE, 11:3, p 118-119. 

TUNNEL-DIODE PULSE-HEIGHT DISCRIMINA-
TOR—Used to analyze 30-nsec pulses vary-

ing in height from 0 to 6 y peak, over 

temperature range of — 20 to 60°C. Ten 

stages were connected in parallel and 0.5-v 

steps used for 0 to 5 y output range. When 

tunnel diode is triggered at its predeter-

MODI F OF 
LEVEL 
NETWORK, 

-300V +300V -300V 

AMPLITUDE WINDOW—Provides trigger on 

negative portion of input signal or noise, 

for slicing portion out of input signal for 

use with amplitude analyzer in determining 

probability amplitude density functions.— 

T. A. Bickart, Amplitude Slicer for Signal 

Analysis, Electronics, 32:9, p 64-65. 

mined level, Q1 delivers fixed current to 

operational amplifier. As input pulse height 

increases, more and more tunnel diodes are 

triggered, and current to operational ampli-

fier increases linearly.—J. D. Nickell, Tunnel-

Diode Pulse-Height Discriminator, EEE, 13:9, 

p 75. 



CHAPTER 66 

Pulse Processing Circuits 

MAGNETRON BEAM SWITCHING— First trigger 

pulse switches beam to first position, and 

each succeeding trigger advances beam one 

position, until reset pulse zeroes VII for rep-

etition of switching sequence. Succeeding 

switching-circuit output pulses are thus time-

coincident with succeeding amplitude por-

tions of input signal, for pulse amplitude 

measurement —i. F. Lyons, Jr., Analyzing 

Multipath Delay in Communications Studies, 

Electronics, 32:36, p 52-55. 

TRIGGER 
INPUT 

5V 
_à_ 

R1 
1i< 

01 

2N708 

DI 
1N662 

R2 
3K 

C2 

150 PF 

33K 

CONSTANT DUTY CYCLE—Width of output 

pulse varies with frequency to keep duty 

cycle constant at preadjusted value from 

RESET \ 
PULSEV.-1 
INPUTJ_ 

200K 

180K 

0.001 

I8K 

68K 

:72K 

0.001 
TRIG- \I 
GER  Qt   

INPUTI 

IN672L 

D2 
1N662 

03 

1N662 

INEJ4 

OK 00k 

1001.µF 

33K 33K 
51 

VI3A 
1/2 12AT7 

1.6MEG 

560K 
00 

p.p.F 

EVEN 
GRIDS 
VII 
ODD 
GRIDS 
VII 

e.IN67 

L6MEG 

560K 

I5K 0.01 

27K 

20K 

v138 ___10(.001 

IN67---"et 

1/2 12AT7 

K. X 1,000 

Vcc = + 10 VOLTS 

.1K D5 

1N662 

 I(  
C3 
20pF 

04 
1N662 

33R7K 

1K 

c4 

05 

1N662 

1/2 5687 

4.7 

128 
1/2 
5687 

1K 300_I. 

R10! 

1 K 

R9 

10K 

  4 70µµF 

V„ 4.7K 6.8K 

6700 IS M8ST .1   

C —ree-4(  

lOr 4.7K  

VI2A 

(71 lOOK  

.1001 

100K  

0.01 1 
10.0̂.K  

(.1_ 100K  

100K 4.7K  

+250V 

MBST 
OUT-
PUTS 

CONSTANT 
 - DUTY CYCLE 
OUTPUT 

25% to 75%, over input trigger rurtge uf to- current converter.— G. P. Klein, Duty Cycle 

100 to 5,000 pps. 01, 03, and 04 form one is Constant at any Trigger Frequency, Elec-

mvbr, and Q5 is second mvbr. 02 is voltage- tronics, 38.15, p 62-63. 
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+28v 

SIGNAL 

INPUT 

100 
'Leif 

270 

0.01 

Ti 
UTC 

D0-T41 

AUDIO 
INPUT 

SINE-WAVE ZERO-CROSSING DETECTOR- De-

livers 10-v pulse that coincides with zero 

crossings of sine-wave input for most of 

10K 
0.01 

- V21 A 
1/2 
I2AU7 

 )1  
10K 

100K 

62K 

V25 
6AU6 

0.1 

100K 

TRIGGER GENERATOR- Differentiating circuit 

provides triggers for each input signal am-

plitude discontinuity, and resultant positive 

and negative triggers are converted to uni-

form negative polarity in paraphase ampli-

fier V21A. Second channel, composed of 

overdriven amplifiers V25 and V26 and cath-

I  I  

100K 100K 

5IK 
V23 
6AU6 

68K L2K 

0.1 

0.01 

470K 

2 
MEG 

161 

V2-4 

6AU6 

I.5K 

R8 
JOK 

2.2K: 

-6v INHIBIT 
INPUT 

audio range. Output interval is adjustable. 

-F. Stevens, Jr., Sine-Wave Zero-Crossing 

Detector, EEE, 13:11, p 45. 

OUTPUT 

CR4 
IN758A 
10v 
ZENER 

3.9K k 68K 821 
1/2 

 )1  12AU7 

20 1-

0.1 

 rj-0.01 

0.1 
)1  

I 33K 
MEG 

100K I5K 
0.02 

240K* 22K 

0.01 
 )1  
V28 0.1 MEG 

8 K +20 

j  
470 t 'Z1/2 

I 5.IK  

I2AU7 

V26 

PULSE AMPLITUDE MEASUREMENT-Produces 

pulse whose width is linearly related to se-

lected portion of input signal. V42 is Schmitt 

trigger. V46 is flip-flop controlled by output 

from magnetron-beam switching tube (MBST) 

for selecting desired sample of signal. Output 

pulse width is sampled and measured by 

counter.-J. F. Lyons, Jr., Analyzing Multipath 

Delay in Communications Studies, Electronics, 

32:36, p 52-55. 

0.02 
1 • 

v27 
6AL5 el5K  

12817 

3.6 

+250V 

O RIG-
GER 

TOTAL 
PULSE 
WIDTH 

_L 

I 8MEG 

RESET 
PULSE 

3.3K 

K X 1,000 

ode follower V21B, provides output pulse 

whose width corresponds to that of overall 

input signal. Lagging edge of pulse triggers 

one-shot V28 to generate delayed reset pulse 

for subsequent switching circuits.-J. F. Lyons, 

Jr., Analyzing Multipath Delay in Communi-

cations Studies, Electronics, 32:36, p 52-55. 

SIGNAL 
INPUT Î -L0.1 

500K 

o 

00 

+ I 2v 

- 12v 

PULSE PHASE SPLITTER-Provides bipolar 

pulses 180 out of phase, with perfect coin-

cidence of positive-going leading edges, 

same reference level, and drive capability 

for saturated inverters.-G. Wolff, Simple 

Pulse Phase-Splitter, EEE, 14:2, p 70-72. 

3K 310K 0.1 100K 10K 

12AT7 

0.1 

25 
Fp.F 

25K 

IME 

27K 470K 

1.1 
MEG 

I.5K 

10K 0.001 

50 
PPF 

10K 
+250V 

100p.p.F 

200K 200K   ale 

V42 390K 1.1 43 
12AT7 27K MEG 'AEG 

0.1 
 w-

I2AT7 

I5K 27K 

AMPLI-
 TU DE 

OUTPUT 
PULSE 

75K 

MEG 

MBST 0.1 
PULSE--)l  
INPUT J_ 

1.8 
MEG 

500µµF 
I---• 

V44 
220K ti2AT7 5.IK ' 

200K M.E5G. 33K: 

0.001 

V45 
330K 6AL5 

 )1  

V46 
I2AT7 

3.6K mIE.IG 

5 r4MEG 

47 
1/2 6AL5 

3.3K 

51K 

100K 

0.5 

1 

V48 
I2AT7 27K 

K X 1,000 

+250V 

0.01 
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82 

PULSE COINCIDENCE DETECTOR—Provides 

output from silicon controlled switches only 

when input pulses are applied simultaneously 

at A and B, with 2 to 3 y amplitude. Over-

lap of 1 microsec is sufficient for triggering. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 428. 

MEASURING PULSE LENGTH—Circuit delivers photocell.— K. R. Whittington and G. Robson, 

output pulse only when triggered by input Versatile Discriminator Measures Pulse 

pulse above preset width. Can be used for Length, Electronics, 35:31, p 48. 

checking lengths of objects moving past 

COINCIDENCE DETECTOR—Turns on lamp to 

indicate coincidence of any two input pulses 

that are 100 microamp in amplitude and 

coincide for at least 1 microsec.—J. Crawling, 

Pulse Coincidence Detector, EEE, 11:7, p 27. 

A 0 

+V 

— .1  Ulf' 0 

LJTil 
PULSE PHASE SPLITTER—Provides bipolar 

pulses 180 out of phase, with perfect coin-

cidence of negative-going trailing edges, 

same reference level, and drive capability 

for saturated inverters. Used for switching 

sample-hold gates requiring opposite-going 

pulses with trailing-edge coincidence.—G. 

Wolff, Simple Pulse Phase-Splitter. FEE, 14:2, 

p 70-72. 

INPUT 

CI 
1000 
PP f 

03 

1N716A 

R9 

6.8K 

KAY 
PINLIGHT 

R3 

I.2K 

2N885 

01 

TS1152A 

R10 R12 
16K 82K 

100K 
POT 

03 
TS1152A 

56 

+10V 

C2 330ppf 

C3 330ppf a 

aN491 

LINEAR PULSE WIDTH CONTROL—Blanking 

pulse generator provides blanking signal 

starting with input pulse and remaining on 

for some nominal portion of pulse, regard-

less of dropouts due to noise in triggering 

TSI152A 

1.2K 

18 
3.9K 

VALUES FOR C5 

il 
UTPUT 

R7 
I2K 

 II-C4 
1000 

-I0V 

R19 

1.8K 

os 
1511524 

FREO, CAPACITANCE (pl) 

I - IOCPS 
10 - 100 CPS 
01-10 KC 

I - 10 KC 

82 
0.82 
0.068 
0.0068 

pulse —Blanking Pulse Generator with Linear 

Pulse Width Control, " Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

rs 78 



540 SOURCEBOOK OF ELECTRONIC CIRCUITS 

INDICATOR 
LAMP 

DIFF I 

INPUT 

R2-680 I/2W 
R3-28 I/2W 

PULSE SEQUENCE DETECTOR—Resistor di-

vider between Q1 and 02 supplies current 

to silicon controlled switch QI after it is trig-

gered by pulse at input A. Divider also pre-

vents input 8 from triggering Q2 until after 

QI conducts.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 428. 

33K 

SC R3 

-25V 

IIGNPUT 

+12V 

OUTPUT 

ANTICOINCIDENCE DETECTOR—Gives indica-

tion wh r two input pulses are not 

coincident. Limit on smallest degree of anti-

coincidence that is detectable is determined 
by turn-on time of SCR's, and is about 0.3 

microsec for 2N1595 scr used, when Cl is 

omitted. Upper limit is set by Cl, and can 

be several tenths of a second when Cl is 

200 mfd. Circuit is reset by interrupting 
supply. Diodes are 1 N691, and lamp is 1819. 

—J. T. Gatshall, Anti-Coincidence Detector, 

EEE, 10:9, p 28-29. 

PM 
DC ONO 

MOTOR 

MISSING-PULSE DETECTOR—Detects presence 

or absence of pulse train and indicates 
whether level remains positive or negative 

after pulsing stops.—R. W. Allington, Pulse 
Absence Detector, EEE, 11:5, p 90-91. 

IL 0.005 
INPUT 

33K 

180 

39K 

2,700 CORE 
DRIVER 

3,9003,900 
0.005 -1\-

START 
• 0.005 

3,900 

03 

39K 

33K 

33K 
Ci 

04 0.02 

39K e39K 

1-z-- 0.005 

B- :II-- 0.005 e 220K 
09 

39K 2,200 

F- F DIFF 3 

100 

• 

3,900 
0.001 

111.. 
K. 06 33K 07 

F......«) • 0.005 33K 

0.001 
3,900 

39K 

3,900 

39K 

100 

o8 
0.02 

39K 

0.005- 220K 

F-F 2 

ir 
DIFF 2 

E01 
o 

NOTES: 
ALL TRANSISTORS 2N525 
ALL DIODES IN66; ALL CORES 
INT. TELEMETER 37575 

-20V IOX 1,000 

PULSE SORTER—Receives train of varying- pulse in train, without changing pulse widths. 

width pulses and presents each pulse at Three transistors and one ferrite core are 

output terminal corresponding to position of used for each sorted pulse. Can handle 

DIFF 4 

E02 
— 

- -- 20V 

3,900e 

39K 

0..0, 
Fri 
33K 

1733HK I lc» 

0.001 
°N-1 ON 

39Ke 

3,900 

0.005T 220K 

F- F N 

EoN 
o 

-11- -20V 

over 1,000 pps.—J. H. Porter, Pulse Sorting 

with Transistors and Ferrites, Electronics, 

32:20, p 64-65. 



CHAPTER 67 

Pulse Shaping Circuits 

() INPUT 

R2 
5001.lh 560 

-18V 

-6v 

CR2 

IN 695 

C2 02 
1000 2N404 

01 R3 
2N404 2.2K 

CI — e 
390 

I(  

+6V 

PREFERRED PULSE SHAPER—General y used 

with monostable mvbr, to form 1-microsec 

pulse at end of delay period. Also used to 

reshape pulse that has suffered deterioration 

by passage through long chain of gates, or 

to produce 1-microsec pulse whose leading 

INPUT 

1 MILLISEC 

low leakage current through D1 and fet 03 

give circuit 30-hour time constant.—M. E. 

I MILLISEC TO 30 HOURS—Input and out-

put emitter-followers isolate fet. Extremely 

R4 
560 

 0OUTPUT 

edge coincides with trailing edge of a posi-

tive pulse, for delaying output by width of 

input pulse.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Cir-

cuits, PSC 11 ( originally PC 214), p 11-2. 

+12V 

H.V POWER G.M. rum 
suPP1-YI MEGOHM 

Of I 0.01 

50 

I ST SCALING 
STAGE INPUT - G.5 V 

G-M DRIVE FOR SCALE-OF-64 COUNTER— 

Shapes pulses from Geiger-Muller tube and 

uses one-shot mvbr to drive first scaling 

stage.— F. E. Armstrong, Battery Powered 

Portable Scaler, Electronics, 33:19, p 74-75. 

RC 31 HOURS 

McGee, FET Circuit Stretches I-MSEC Pulse 

to 30 Hours, Electronics, 38:7, p 87-88. 
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FET CONVERTS TRIANGULAR TO SINE—Elim-

inates need for signal rectification by using 

symmetrical properties of Fairchild FSB40 

fet with respect to source and drain. For 

PULSE FORMER AND SHAPER—Converts sine-

wave input to 40 millimicrosec output. Used 

in versatile pulse generator for testing high-

speed computer circuits. Input frequency 

range is 3 to 20 Mc.—L. Numann, Transis-

torized Generator for Pulse Circuit Design, 

Electronics, 32:14, p 47-49. 

-11. 0.01 

IN 

75 

p-channel units, reverse the diodes.—R. D. 

Middlebrook and I. Richer, Nonreactive Filter 

Converts Triangular Waves to Sines, Electron-

ics, 38:5, p 96-101. 

STAGE I 

Cl 6 8/44 F 

02 2N501 
1390 "FAA F 

120 - ,44F T 
3V 1 

STAGE 2 

+ 30V 

12K 
o, 

GZI 650C4 645C9 
Oi MI 

1N100 114100 
02 

IN625X 
-30 V 

330 

22K 
0.0018 10K 

33K I 0.08 33K 
TRIGGER CIRCUIT 

PULSE STRETCHER—Used where low-ampli-

tude pulses must be converted to time in-

formation. Output is used to control oscil-

lator.—D. N. Carson and S. K. Dhawan, 

Data Conversion Circuits for Earth Satellite 

Telemetry, Electronics, 33:3, p 82-84. 

10K 

.1e-071 

 C2 C I( 

IN100 

Or IN 625 D2 IN625 
3 R, 47K  21,2:FOIL' J-1_ 

6I3C4 
STRETCHER OUT R2 22K = 1N625 IN460 

47K 4,000 g»F 27K 

RAMP 

1.8 MEG 
R3 

68 
...L214C guF 

50K 
31  

R3 220 

82K 
03 

1,000 

ToijzF 

COMPARATOR 

2 PULSE AMPL 4 
2N501 

30 
loo RI 

 > WIDTH ADJ  
STAGE 3 

+I2V 

ADJUSTABLE D-C LEVEL SHIFTER—Shifts d-c 

level of signal accurately and continuously 

without affecting gain, from +4 y to +7 I, 

d-c center-voltage output. Input a-c signal 
varies 2 y about +4 y d-c. Other offset volt-

ages can also be obtained.—H. Anway, Con-
tinuously Adjustable DC Level Shifter, EEE, 

12:10, p 59. 
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ZENER-DIODE PULSE STRETCHER— Gives de-

lays up to 50 millisec without need for 

large capacitance values, by varying RI; 

delay is 10 millisec for 20K value shown. 

Input is negative 1-millisec pulse, which is 

stretched by amount of delay.—A. S. Robin-

son, Zener Diode Allows Delay Without 

large Capacitors, Electronics, 39:11, p 93. 

FROM 
CURRENT 
PRE-AMPL 

0.5S 

. 5V 

24K 

511 

15 

SELF-RESETTING PULSE STRETCHER—Produces 

output pulse that lasts for designated per-

iod of time after last of group of 20-micro-

sec 5-v input pulses disappears. Circuit then 

resets, and draws no current while quies-

cent. Amount of stretching is determined by 

charging of C through R2, and is 55 micro-

sec for values shown. Gate-turnoff scr can 

he used in place of transistors QI and 02. 

-B. F. Smith, Self Resetting Puke Stretcher. 

EEE, 12:8, p 71-72. 

+8.5 

1+ 95V 
VI 

5687 
CAIN FOLL 

T _.., 40V 

FROM 
LINEAR 
AMPL 

0▪ .- 5 
AL S 

4.7ALH 

15 

06 
2N2369 0.1 

our 
1.2 K 

4.7AL H 
-8.5 

DELAY- LINE PULSE SHAPER—Voltage pulse 

from current preamplifier of multiplier photo-

tube is shaped by DL1, which is shorted at 

one end and terminated at tither end with its 

characteristic impedance, to normalize input 

pulse width at twice 0.5-microsec characteris-

tic delay of line. First stage gives open-loop 

gain of 118. Second stage gives low-imped-

ance drive for feedback and for following 

discriminator amplifier. Total loop gain is 

17 for bandwidth of 1 Mc.—R. Cuikay and T. 

Callahan, Orbiting Observatory to Measure 

Stars' Dim Light, Electronics, 37:9, p 28-31. 

VERTICAL PLATES OF CRT   
V2 

+600V 6U8 
500.AEO AMPL 

DISC 

04  

I2) 
STRETCH 

."^  

UNBL ANKING 
PULSE FROM 
STROBE GEN 

+300V 

+300V 

13+ 135v — 
120V ( DISC)— 

NORM 
ON 

NORM 
OFF 

105 V's-1 

V3 

*R-
E 

I/212AV7 
CATH FOI L 

V4 
1/2 6118 

DISC LEVEL VERT GAIN 
  VARIABLE NEGATIVE 
=- FEEDBACK 

 • ONE-
SHOT 
MV 

•4 

VS 1/2 12AV7 V6 

e 
BASELINE SET 

V7 RESET SWITCH TUBE 
6U8 10FF DURING STRETCH) 

—7. S 

1300V IT:07"V 
STAIRCASE 

-15v GEN 

SWITCH TUBE 
V8 ION DURING 
1/2 12A1/7 STRETCH) 

150V 

TO UNBLANKING GRID ON CRT 

STRETCHER-EXPANDER—Produces dot pulse 

that unblanks crt screen and advances stair-

case. 0.5-microsec pulse from linear ampli-

fier is stretched to 2-millisec pulse, amplified, 

and inverted for push-pull crt deflection.— 

W. E. Bushor, Sample Method Displays Mil-

limicrosernnd Pulses, 32,31, Electronics, p 
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.01 

4V FOR 
0.5µS 

IL 
TRIGGER 
INPUT 

10K 
LOAD 

24v 

2700 

SQUARE OUTPUT 
PULSE 22V FOR 
20 TO 501AS 

SCS PULSE STRETCHER—Stretch interval is de-

termined by 5-mfd capacitor and 4.7K re-

sistor.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 435. 

uip 

+200V +9V 

NORTH HLLS 
1900 

62 K S3281 

Eo 

SAWTOOTH IN 
4•4\ 

2N1694 2NI69A 

100K 

47K 

It 47 

22K 

2N169A 2N396 PULSE OUT 

 € 

1K 820 
3.9K 

D-C CONTROL IN 

SAWTOOTH CLIPPER—High-gain amplifier 

converts sawtooth input to rectangular out-

put pulse whose width is proportional to 

portion of sawtooth amplitude that is above 

W" 
RL 

RL 

83261 E0, 

62K ALL DIODES IN643.4 

+200V +9V 

500 KC TO 1 MC D-C RESTORER—Modified 

clamp circuit is used with 500-kc sine-wave 

input to provide complete restoration of ref-

erence potential for 1-Mc half-wave output. 

—H. Kundrat, Jr., High Frequency DC Restor-

ation with Gain, EEE, 11:10, p 26-27. 

24v ,IIKR %LSE 
FR06, .NTERULLOWT a '2 '5 

•244,), 

OV CC4.LECTOR o, 

O. - O. 2%404 

Gp 21.3011 CONTROLLED 
COTOuT PIASE 
5.600 4.44 

• 24 

Ov COLLECTOR 02 

COLLECTOR 0. 

PULSE-LENGTH CONTROLLER—Reduces dura-

tion of intervalometer pulse from 400 millisec 

to 100 millisec without affecting intervalo-

meter operation for other purposes. Used to 

control airborne strip-chart camera.—J. S. 

Peddo, Low-Cost Pulse-Length Controller, EEE, 

12:7, p 26. 

D-c 

threshold level.—B. E. Mathews and F. R. Sias, 

Jr., Testing Space Craft with Induction Heat-

ers, Electronics, 35:34, p 38-41. 

-10 V 

SINE TO SQUARE WAVES—Japanese Esaki 

or tunnel diode acts like Schmitt trigger 

in converting sine-wave input signal to 

square-wave pulse train.—T. Kojima and M. 

Watanabe, When You're Second, You Try 

Harder, Electronics, 28:25, p 81-89. 

+10V 

UJT PULSE SHAPER—Use of inductance in ujt 

relaxation oscillator gives significant im-

provement in output pulse shape over that 

of conventional resistance-coupled circuit. 

Pulse width for various transistors is between 

11 and 12 microsec, and rise and fall times 

are typically 0.3 microsec. With 47-ohm re-

sistor in place of inductance, fall time would 

be 3 microsec.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 316. 



CHAPTER 68 

Radar Circuits 

MULTICHANNEL MONITOR-Automatically de-

tects single signal coming from large number 

of separate sources and identifies source, as 

required in doppler radar sets that must 

search bank of sharp filters placed side by 

side, to detect target, while antenna scans 

field of search. Positive signal reaching de-

tector is amplified to drive Miller integrator 

V1-V2. As V1 goes negative, it disconnects 

one channel at a time (by driving its dis-

connecting diode DI below 0 v) until live 

channel is reached. Detector output is then 

cut off, and Cl stores level at which dis-

connect occurred.-R. Kronlage, Monitoring 

Multiple Inputs Simultaneously, Electronics, 

32:35, p 50-51. 
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500  ol-r 

150K 

0.002 "IM 
120V 
A-C 

51/ + 12V 

VTVM 
RADAR SPEED METER-Translates doppler or on meter or records on strip chart. Operates Enforce Traffic Laws, Electronics, 32:10, p 

difference frequency between transmitted and at 2,455 Mc and is accurate within 2 mph 48-49. 

received frequencies into mph and displays up to 100 mph.-J. Barker, Radar Meter Helps 
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3.9MEG 
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.150V 
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0.01 
L1 

6A05 
VI 

5.10 12K 

100 100 

270 270 

470 470 0.05 10gH 

 IC II  
6A05 
V2 220µ14F 220F 

 )1  
0.64 0.95 

39K 0.005 
INPUT INPUT 
AM PL AMPL 

NOISE INPUT 2 - 

0.01 
5.1H 

22 
3.3K 
807 V3 

POWER 
OUTPUT 
A MPL 

7.9gH 
CAP 

I2K 180K 
 TO..05 

I -200V 

TUNED EXTERNAL LOAD 
SIGNAL INPUT I PULSE INPUT 3   

_L 
TO 

COHO 
-411 

10 

1,500 100 
 A A A 

1,500= 

LOCKING PULSE IN 

0.005 

0.05 lOgH 0.05 

10K =. 15K 

•Adi. .444, 
820 820 

0.4-0.80 
our Pur 

+300V 

0.01 

1.6-2.8 
g.H 

2.2K 

INPUT 
AM PL 

DELAY LINE AMPLIFIER FOR CLUTTER SIMU-

LATOR-Used with ultrasonic delay line and 

30-Mc Gaussian noise source to simulate ac-

tual clutter received during consecutive radar 

sweeps. Input 1 is amplified version of de-

lay line output signal, which is added to 

noise input 2 in common plate load of VI 

and V2, for amplification by V3. These three 

tubes together with tuned input to delay 

line form staggered Butterworth triple cen-

tered on 30 Mc, with half-power band-

width of 2.75 Mc. Third input permits in-

sertion of pulse for precise synchronizing 

to repetition frequency of clutter simulator. 

-J. Atkin, H. J. Bikel, and M. Weiss, Realis-

tic Simulation of Radar Clutter, Electronics, 

32:39, p 78-81. 
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14 
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L 1,500 
270 e 

30 MC 

r 1,500 K• X 1,000 

510 270K = 1,500 100 

1N198 
=0.01gF 

INI98 

 14 

1,500 

COHO IN 

0-100A 

_L 
PHASE 
SHIFT 

NETWORK ,/ 

1,500 

IK 270 - 51 

100 

VI4 
6AH6 

1,500 

COHO JITTER MONITOR-Automatically mid- vides visible indication of amount of jitter, as Checking Jitter in Moving Target Radar, Elec-

tors coherent oscillator frequency and pro- measure of mti system capability.-C. Clark, tronics, 32:29, p 56-58. 



TWO-DIMENSIONAL TARGET SIMULATOR— 

Two signals, one representing angular posi-

tion of target and the other angular posi-

tion of radar antenna, are fed to azimuth 

coincidence circuit. When signals coincide, in-

dicating that antenna is pointing at target, 

delayed pulses representing a target are 

passed to radar ppi by azimuth gating cir-

cuit.—J. I. Leskinen, Four Ways to Simulate 

Radar Targets, Electronics, 31:23, p 82-86. 

VI 
6 COHOA K5 

LOCK 

PULSE 
INPUT 

47 

CONO OUTPUT 0  

1,000 

4-105V 
2.5µN 

22 

30 M C 

560 

2.5p,H 
1.0001 

SS8 COHERENT RADAR OSCILLATOR—Phase 

information of each transmitted pulse is 

stored in coherent oscillator V3 for use as 

V2 
6AK5 

RADAR CIRCUITS 

1,000 

— 11  
1,200 

AZIMUTH COINCIDENCE 

V3 
6096 

3K 100 1,200 

1,200 

V6 

6096 

T,200 

39mH 

L1 
1 30 MC 

1,000--r 

22 

30MC 

—1,200 

560 

CORO 
DISABLE 
GATE 

22 

547 

AZIMUTH GATING 

OK 

TARGET PI P 
TO RADAR 
IN 

TIME DELAYED 
RANGE PULSES 

NARROW-BAND RADAR AMPLIFIER—Twin-tee 

feedback loop tuned to modulating frequency 

between 60 and 400 cps is used with video 

crystal and chopper of low-cost c-w radar re-

ceiver. Minimum detectable level is — 55 

dbm.—R. Fleming, Modulation Techniques Cut 

Radar Cost, Electronics, 35:35, p 56-58. 

470 

470 I 200 

C2 

I pFT 

V5 

6096 

11,200 7.5K 

1,000 1 1000 lator has good free-running stability and is 

easily locked in phase with 30-Mc input 

reference voltage for analyzing doppler re- pulse.—J. B. Theiss, More Target Data with 

turn from targets. Other stages are ampli- Sideband Coherent Radar, Electronics, 36.3, 

fiers. Oscillator tank is L1-C1-C2. This oscil- p 40-43. 
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5KV 

DI D 
z z 

0--

04. 06 

08 

CURRENT-
LIMITING 
RESISTOR 
66 TO 500 

Rb 

13 MEG 

RADAR POWER AMPLIFIER-Handles pulses in 

range of 100 to 500 microsec at 2.2 Mc. 

Class B final stage 02 delivers 105 w to pi 

loading network serving as 51-ohm load.-S. 

Horowitz and L. Humphrey, Satellite Sounder 

and Telemeter Chart Ionosphere Electron Den-

sity, Electronics, 34:25, p 50-53. 

0.5 µSEC 
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PULSE 
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10,000 pF-‘ 

RF 
PULSE., 

IN 

4J50 
MAGNET-
RON 

20 KV 
PEAK 

PULSE 
TRANS-
FORMER 

TO F L 
TRANSFORMER 

250-KW MODULATOR-Ten silicon diodes re-

place five vacuum tubes in artificial lino-

type modulator for airborne radar operating 

at peak power of 250 kw.-M. G. Gray, 

Using Silicon Diodes in Radar Modulators, 

Electronics, 32:24, p 70-72. 
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RADAR TRANSPONDER-Used in missiles for 

tracking during test firing on range. Semi-

conductor modulator minimizes power drain 

and thereby reduces heating in transponder, 

while providing r-f output pulse having ex-
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2 N 1118 
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3.9K 

+1, 
tremely fast rise and fall times. Delay sta-

bility gives range accuracy of 1 yard.-L. 

Diven, Solid-Stage Modulator Feeds Subminia-

ture Transponder, Electronics, 33:27, p 

48-51. 
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HYBRID 30-MC I-F-Bandwidth is 6 Mc, noise 

figure is below 2.5 db, and gain is enough to 

give 1 y peak-to-peak noise output into 

1,000-ohm load when using two transistor-

ized video stages following the five transis-

torized i-f gain stages.-J. Scott, D. Randise, 

and R. P. Lukacovic, Portable Radar Traces 

Battlefield Deployment, Electronics, 33:12, p 

67-70. 
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DISTANCE-MARK GENERATOR-Uses switched 

Hartley oscillator, pentode amplifier-shaper, 

and series-triggered blocking oscillator to 

generate 20-mile distance marks in airborne 

search radar.-NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N8-2. 
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f—  Z 

3 N 3 5 

100 TO 
F- RESOL-

110.: 
22K 

300 

3,300 pF 

-20V 

I K 

1< X 1,000 

SWEEP GENERATOR-Accepts pulse from 

monostable mvbr and generates signal for 

sweep resolver of ppi radar. Voltage rises 

at constant rate during mono off time, and 

is held at zero during on time. Cascaded 

emitter-follower 07-08 provides impedance 

match to output. 09-010-011 provide re-

quired power for sweep resolver while pre-

venting thermal runaway at normal tempera-

tures.-C. E. Veazie, Transistorized Radar 

Sweeps Circuits Using Low Power, Electronics, 

32:26, p 46-47. 
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TIMING PULSE SHAPER—Monostable mvbr 
converts timing signal to narrow pulse whose 

width is accurately controlled by R-C net-

work. Use of emitter-follower 04 between 

triggered transistor 03 and R-C network 

assures fast rise and fall times.— C. E. Veazie, 
Transistorized Radar Sweep Circuits Using 

Low Power, Electronics, 32:26, p 46-47. 
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YOKE DRIVER—Used to clamp sweep signal 

voltage to reference voltage during clamping 

time at end of sweep, while removing clamp 

during sweep. Diodes DI-D2 and D3-D4, con-

nected in opposite polarity to each signal 

line, serve as clamp circuit.—C. E. Veazie, 

Transistorized Radar Sweep Circuits Using 

Low Power, Electronics, 32:26, p 46-47. 
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COSINE-SQUARED PULSE GENERATOR—Gen- squared pulse output is fed into balanced chrodyne klystron.—K. H. Chase and J. L. 
orates pulse whose width is half tha dura- modulator in conjunction with 30-Mc signal, Pierzga, Reducing Mutual Radar Interference, 

tion of one input sine-wave cycle. Cosine- and resulting burst is used as input to syn- Electronics, 32:28, p 39-43. 
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POWER 
SUPPLY 

PULSE- FORMING NETWORK 

D, 

TO MAGNETRON 

TO FILAMENT 
TRANSFORMER 

FAR-END-OF-LINE MODULATOR CLIPPER— In 

variation of diode modulator, clipper diodes 

D9 and D10 are connected to far end of 

pulse-forming network, for improved perform-

ance. Choke L in plate circuit of thyratron 

limits rate of rise of thyratron current.—M. G. 

Gray, Using Silicon Diodes in Radar Modula-

tors, Electronics, 32:24, p 70-72. 
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VARIABLE SWEEP LENGTH—Operates with 

sweep lengths varying by factor of 8 to 1. 
Supplies 1,100 y at 160 ma for 0.5-mile range 

and 400 y at 270 ma for 4-mile range.— 

R. F. P. Smith, Airport Radar Hnt High Res-

olution, Electronics, 32:14, p 64-69. 
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in obtaining antenna patterns on operating 

radar system. Output current is directly pro-

portional to pulse repetition frequency and 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, mvbr-type trigger shaper, 

and parallel-triggered blocking oscillator to 

generate distance marks in airborne search 

+24V 

AUDIO 330e 
INPUT 

VOLUME 

330K 

ARBITRARY THREASHOLD 

log of peak r-f pulse power.—Logarithmic 

Amplifier for Radar Signals, "Electronic Cir-

cuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 107. 

radar. RLC unit is sw.tched to change mark 

spacing.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," Vol. 

1, Electron Tube Circuits, 1963, p N8-1. 

4.7 

22 

2.2K 

.= 0.47 

FILTER AMP 
NETWORKS STAGE 

STRONG-NOISE-SUPPRESSING AUDIO AMPLI-
FIER—Feedback circuit limits amplitude of 

low-frequency signals such as those produced 
by wind-moved tree branches, to prevent 

masking vehicular target signals in portable 

doppler radar. Low-pass filtering compen-

K. X 1,000 

750 

214333 

AUDIO 
OUT,-
PUT 

2141026 

750 

—20V 

OUTPUT 
STAGE 

sates for poor bass response of human ear, 

permitting detection of slow-moving targets 

such as walking man.—J. Scott, D. Randise, 

and R. P. Lukocovic, Portable Radar Traces 

Battlefield Deployment, Electronics, 33:12, p 

67-70. 
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OSC'LLATOR 1,700 CPS 
VOLTAGE SQUARE WAVE 
CONTROL OSCILLATOR 

• +20V 

1,CT' 33 

6 

+150 

DRIVER MAGNETIC 
DISCHARGE 
NETWORK 

+20V 

+2 V 

PULSE 
FORMING 
NETWORK 

0.001 

2C/tH 

500 0.5H 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, pentode amplifier-shaper, 

and series-triggered blocking oscillator to 

generate 1-mile distance marks in airborne 

search radar. Frequency dividers are used 

for 10- and 20-mile marks.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-
tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N8-2. 

0, 
vi0E0 1939 2K 

N 
_L 4 vl 
=.> 6.16 

0.33 

6.2K 

560 

0 33 

0.01 

+150V 

9.1K 

1.5K 

V2 
10K 6AN6 

MEG - 
27 

100K 

3.6K 
-150 v 

0.5 

0.01 

0.047 

10K 

PULSE-WIDTH DISCRIMINATOR—Cuts scanning 

loss from interfering radars in half, by blank-
ing video signal only if it falls within notch 

5004,4f 

GASA 

MAGNETRON LOAD 

vv j 115 V, A -C 

5V, A-C 
0.001 

1K 47K 

50µµ F 

1001(__ 

100K 

V12 
64L5 

developed by gating circuits. Gives marked 

improvement in acquisition capability.—K. H. 

Chase and J. L. Pierzga, Reducing Mutual 

HIGH-POWER PULSE GENERATOR—Power 

transistors and saturable transformers serve 

in place of hydrogen thyratrons for generat-

ing pulses with 1-megawatt peak power for 

sonar and radar. Low-voltage capacitor is 

first charged to voltage that is regulated on 

pulse-to-pulse basis rather than from regu-

lated supply. Capacitor is then discharged 

through saturable step-up transformer Ll to 

charge high-voltage capacitor, which in turn 

is discharged through magnetron load.—R. T. 

Maguire, SCR's to Pulse Radar, Electronics, 

37:3, p 14-15. 

IK 47K 1 5K 

1.000»µF 

1/2 5670 

0.01 

t MEG 
620 

+150V + 150v 

10K 
Ve 
1/2 

_1211•Bir 5670 

1 5K 

V59 
1/2 
56 10 

2K 100K 

1.000.,F 

  1-• 

6.9K 

Radar Interference, Electronics, 32:28, p 

39-43. 
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DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, amplifier-shaper, and par-

allel-triggered blocking oscillator to generate 

distance marks for 10 and 40 miles in air-

borne search radar.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N8-3. 

O. - 2141011 

VIDEO SWITCH—Used to either pass or blank 

out video signals going to ppi visual display. 

Blanking gate input pulse is applied to switch 

BINARY 
AM PL. 

TO 
COINCIDENCE 
DIODES 

-13 GATE 

4-120V 

TO D11 

A 11 
GATE 

TO D13 
C   

GATE 

6.8K 

953 

-78V 

200F 

INPUT PULSE 

ELECTRONIC SWITCH FOR RADAR INDICA-

UK—Used to produce aircraft identification 

3331 151, + 300V 

I2Au7 2AU7 6BN6 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, gated-beam amplifier-

shaper, and series-triggered blocking oscilla-

tor to generate distance marks for 2, 5, and 

and 25 miles in airborne search radar.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 
Tube Circuits, 1963, p N8-3. 

if video fails to identify itself as signal from 

associated radar set.— L. Turf, Video Switch 

for Radar, EEE, 11:2, p 24-25. 

BISTABLE 
MULTIVIBRATOR 

-58V 
2.7K 2.7K 

200ggF 1- -1- 200/4LF 

2N366 2N366 

(2) IN34 
27K 

-80V 

-78V 

Q2 
953 

Q1 

953 

I -78V 

-/-200ggF 

markers on ppi. Coincidence of binary volt-

ages supplies gating signals for switch.—.I. B. 

68K§ 

BINARY 
AMPL 

§I8K 

+13 GATE 
TO 
COINCIDENCE 
DIODES 

+120V Ke X 1,000 

Beach, Coincidence Diodes Gate Electronic 

Switch, tlectronics, 32:8, p 66-68. 
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OSCILLATOR 1,700 CPS 
VOLTAGE SQUARE WAVE 
CONTROL OSCILLATOR 

+300V 

II 

6005 TRIG 
IN 

3K 

33K 

-150V 

Mr 

10.00 

H 

3C45 

0.01 

220 2 

e-

DRIVER MAGNETIC 
DISCHARGE 
NETWORK 

420V 

-80ov 

20K 0.01 

+1,200v 

20K 

— 0.01 

..{ 85i11 
0.1.r  

• 1 • 
HARD-TUBE MODULATOR-Supplies 0.02-

microsec 180-kw modulating pulses at prf of 

14,400 pps. Hard tube is used because hy-

drogen thyratron of adequate power-han-

dling capability would not deionize rapidly 

enough at this prf.-R. F. P. Smith, Airport 

Radar Has High Resolution, Electronics, 32:14, 

p 64-69. 

0.001 

4PR60A 

MAO >2K 
CURRENT 

0-115V 
A-C 

TO DU-
PLEXER 

TIMING PULSE GATE CONTROL BINARY 
GATE CONTROL 
VOLTAGE +180V REG 

PULSE 
FORMING 
NETWORK 

0.001— 

MAGNETRON LOAD 

II5V, A- C 

20,000V 

150 

ID O ,sL F 
Lp 

2 

2g.g.F 

0.8 Lp 

R- F 
IN 

IgH 

6 ggF 
•  

RADAR PULSER-Magnetic discharge and 

pulse shaping networks are used instead of 

thyrotrons or vacuum-tube amplifiers to re-

duce size and weight while increasing re-

liability.-A. Krinitz, Using Magnetic Circuits 

to Pulse Radar Sets, Electronics, 32:27, p 

42-43. 

SCREEN ELECTRODES BYPASSED TO GROUND FOR 
R-F BY CAPACITORS BUILT INTO SOCKETS 

C1 IS FOUR 1,000ggE CAPACITORS IN PARALLEL 

L P.• 0 15/GH 

L IS INDUCTANCE OF COPPER STRIP I IN. WIDE 

AND 3 IN, LONG 

PLATE MOD OUT APPLIED AT A 

SCREEN MOD OUT APPLIED AT B 

LP 

4X:50A 

- 

C 
I 0 160-N  

Lp 100g/LF R- F 

24X150A OUT 

C8L 3 5 

N.I0 TUBE I TUBE 2 TU9E. 14 

PULSED DISTRIBUTED AMPLIFIER-eves 20% 

bandwidth centered on 200 Mc. Used as out-

put stage of moderate-power radar, final 

drive of high-power drive, and for high-level 
pulse amplification.-S. K. Meads, How to De-

sign Pulsed Distributed Amplifiers, Electronics, 

32:12, p 56-58. 

PULSED CRYSTAL OSCILLATOR 

RINGER START VOLTAGS---.• 

82K 

o 
o 
o 

o 

oo, e 
415-
gig 

oz 

470K 1,800 2,200 

V25 10K 1110cH 10CjÀH 4,70C 

00 V1 5965 1  
1.500 GATE CONTROL 1,900 

FLIP-FLOP 

470K 

5965 
CATH 
POLL 

56K 

47 

LF 

-200V 

15 
AuF 

22K 

, 5,100 

  22K 

1 0.02 

START IN 474 . 

LOCKOUT 
GATE CONT 
VOLTAGE 

VARIABLE TIME-INTERVAL STANDARD-Pro-

duces two delayed pulses for establishing 

accurate time intervals from 1 to 10,000 

microsec. Delays are adjustable in 1-micro-

sec increments, with continuous interpolation 

4 
 AuF 

100 

R235 
136.7 

R234 
90K 

4,700 

y28 

5965 
CATH FOLL 

0.5,USEC 
100K DELAY L NE 

• 

J. 
• 

-t_r= 

2:tt< 

-200v 
• 1 
0.11 

390 - 
µ,stF 

• 

  BRIDGE 
4,700 2,200 

,"*C1 BALANCE 100),, 
1.5-7 

240 

5 01 0 (6),tt. T Ft 

C5 

C2 

5.L54F  

)4.;15 

C6 

»ir 

ide  
C4:  

LCRYSTAL 64146 T UILF GANG 
START-, ;4eF I-MC 
SGTAOTPE-i.j4.39.FC 

O6A56/ 100 100 
5725 V5 

1240 
Ais F 

o 

• • 

o 

cg 

V4 AMPL 3901 
µµF  

_,4 

• • 

o 
o 
o > 180 - 0.1 

1-BIC LIMITI 
AMP 

NG 

I5K 

cg 
--9 - 01 180 o ' 

between steps. Crystal-control ed oscillator 

and fast preset counters reduce time-de ay 

errors. Useful in calibrating radar and loran 

timing circuits, oscilloscopes, and marker gen-

erators, as well as for precision pulse code 

801470 

IOC 

100 

47 

+I8CV 
REG -I6V 

ni 

C4 
- ▪ 75 

c,_470 

Itet F 

+180V 

GlIA 

GILA 

5965 

RINGER 
• & ADDER 

g TO AMPL 

r200 ANDF e, S7TC-R4H1 5GMmGiTETRF 
47 

1- MC 
z RINGER ADJ 

modulation and for calibrating delay lines. 

-D. Broderick, D. Hartke, and M. Willrodt, 

Precision Generator for Radar Range Calibra-

tion, Electronics, 32:14, p 58-60. 
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0047 

60µFF 

100K 

6.3 V A-C 

500V DC 10 MAGNETRON 

TRIGGER 
IN 

001 

(-4 

BLOCKING-OSCILLATOR MODULATOR—High 

permeability of ferrite- core transformer al-

lows use of few coil turns, keeping capaci-

tance at minimum so narrow pulses are pro-

duced.—C. D. Hardin and J. Salerno, Miniature 

X-Band Radar Has High Resolution, Elec-

tronics, 32.5, p 48-51. 

1000 

200K 

+300V 

1K 

00 

220  

N \ 12AU7 

/ 

• I2AU7 

OUTPUT 

47K 10K 
130OPPS IN 

ADJUST 
-250V 

PRF GENERATOR—Blocking oscillator operates 

in range of 200 to 2,000 pps, as radar repe-

tition- rate generator having frequency sta-

bility of about 5%.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N5-2. 

2.4C 1 

CARRIER FREO ADJ 

120K 75K 

50K 50K 
 1 * 1 
5.5KC 8KC 

I 270g4Fi 

frequencies if 3ufficient telephone-line band-

width is available. Sicieband filters iemoYc 

upper sideband and part of carrier to provide 

vestigial sideband operation.—H. W. Gates 

50K 
•  
IIKC 

I5K 560Y 
—270 

100K 100K 50K 50K ¶ 50K 

33K 527K \ 
  — 

NARROW-RAND BALANCED MODULATOR— 

Yields two sidebands and carrier while bal-

ancing out original video signal. Gang 

switch permits use of six different carrier 

:10/.LO 

47_ 

22K 

I2K 

5977 
5977 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, mvbr-type trigger shaper, 

and parallel-triggered blocking oscillator to 
generate I.67-mile distance marks in air-

borne search radar. Blocking-oscillator fre-

quency dividers are used to get 5- and 10-

mile marks.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N8-2. 

• 3K 

1+250V 

7K 

/ff 

220 
1700 

TO 

 ..___SVATC41120 WITm i,.5 

DM SP«, no 

r.‘f 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, monostable mvbr-type trig-

ger shaper, and parallel-triggered blocking 

oscillator to generate distance marks for 2, 

5, and 25 miles in airborne search radar. 

RLC unit is switched to change mark spacing. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, p N8-1. 

K 4K 68 e 

68K 33K 

0.01 

65,17 

20 MIXED BLANKING 
FROM TIMER 

50K CARRIER VOLT ADJ 

TO SYNC 
PULSE 
GEN 

I2AU7 

47K 

OK 

+300V D-C 
+300V MODULATION LIMIT 
D- C 500K 

39K 

FROM 470K 
VIDEO 
FILTER 

1/2 I2AU7 
V4 

2K 

MOD 
OUT 
TO 
SIDEBANO 
FILTER 

and A. G. Gatfield, Scan Converter Aids 
Phnne-Line Radar Relay, Electronics, 32:16, 

p 48-51. 
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INPUT 
FROM 
MIXER 

OSC 
AND 

CONTROL 

KLYSTRON SERVO—Simple three-tube mode-

centering servo is only control required for 

local-oscillator klystron in wide-band receiver 

200VDC 

K z X 1,000 

of short-pulse radar system.—C. D. Hardin 

and J. Salerno, Miniature X-Band Radar Hos 

High Resolution, Electronics, 32:5, p 48-51. 

CHARGING 
CIRCUIT 

HOLDING 
+300V DIODE 

Lc IN547 

PULSED X-BAND MAGNETRON—Differentiator 

forms sharp 2-microsec pulse at trailing edge 

of each sawtooth waveform generated by 

R-C charging circuit and Shockley pnpn diode. 

Pulse triggers thyratron to discharge pulse-

forming network, and new pulse is stepped 

up to 4,500 y by pulse transformer for mag-

netron.—J. Scott, D. Randise, and R. P. Luka-

covic, Portable Radar Traces Battlefield De-

ployment, Electronics, 33:12, p 67-70. 

+300V D C 

SPEED 
LINE-SWEEP 

100K-10T 

-11-- v6A 
10F 1/2 12AT7 

330K 220 

SWEEP 
GATE 
FROM 
TIMER 

-300V D-C 

750K 3MEG 

0.02 

68K 

V76 ci 

DIFFER-
ENTIATOR 

RELAXATION 
OSC 

GALE 

-Ve 
6AU6 

300K 

150K 300K 

LINE SWEEP GENERATOR FOR ENCODER—Cir-

cuit is basically negative-feedback linearized 

R-C sawtooth generator in which charging 

voltage is held constant while negative end 

PULSE FORMING 
NETWORK 

T HY RAT RON 
SW ITCH 

2204F 

750K 

680K 
'MA - 

10.003ST 

220K 

I.4µH MAGNE« 
TRON 

521 

RANGE 
TRIGGER 

FILAMENT - 
SUPPLY 

PULSE 
TRANSFORMER 

15p..p,F 

220 750K 220 

L3MEG V9A 
1/2 I2AT7 

TO POSITIVE 
LINE- SWEEP 

GEN 

56K 56K 

(21 
NE51 

750K 
VIOA 

1/21213H2 

4-250V 

R1 

10K 

DI 

o 
o 
o 

(2) f;1- 
DELAY 
LINE 

250 30AcSEC 10K 39K 
/1/IF 

TRIGGER FROM 
LONG DELAY UNIT 

DOUBLE-PULSE GENERATOR—Used in re-

sponder-interrogator range computer to pro-

duce pair of 15-microsec-wide pulses spaced 

30 microsec. Monostable mvbr receives two 

triggers, one through 30-microsec delay line, 

and produces 15-microsec pulse for each 

trigger received.—H. Vantine, Jr., and E. C. 

Johnson, Modified Transceivers Compute Dis-

tance, Electronics, 31:37, p 94-98. 

TO PHASE 
MODULATOR 

22K 

0.001 

ii 

_art_ 

12AT7 
Va 

Y  CD 
LO 

CSI 

200 

BLANK 
PULSE 
IN 

+25V 

2NI67 

47K 

Ka X 1,000 

6:1 

500K 

PULSE 
WIDTH 

R2 
150V 

IN459 123 

TO 100K 
CONTROL 
GRID 

FROM 
VIDEO 
AMPL 

FLYBACK BLANKING—Amplifies blanking 

pulse from monostable mvbr sweep circuit 

to level required for blanking crt screen. 026, 

normally nonconducting, is driven to satura-

tion by blanking pulse, thereby applying 

high negative voltage to crt control grid.— 

C. E. Veazie, Transistorized Radar Sweep Cir-

cuits Using Low Power, Electronics, 32:26, 

p 46-47. 

Vee 
1/2 12AT7 

of sweep-forming capacitor is driven nega-

tive. Amplifier V8-V9A-V10A is direct-cou-

pled throughout. Loop-stabilizing networks 

pass high-frequency components.—H. W. 

TO 
SCAN 
CONV 
TUBE 

SWEEP V6B 
RANGE 

SELECTOR 1/2 12AT7 

150K 150K 
390K 

LINE AMPL 100K 

390K 

220 

680K 

50K 

200K 

50K 50K 

15CV D- C 

Gates and A. G. Gatfield, Scan Converter 

Aids Phone-Line Rodar Relay, Electronics, 

32:16, p 48-51. 
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6200 IT 3300 = 1000 

550 
I 300 . 

15« 

+300V 

10K 

01 
270K 331 

-300 - - - 

PRF GENERATOR—Blocking oscillator operates 

+300V in range of 200 to 2,000 pps, as radar rep-

etition- rate generator having frequency sta-

bility of about 5%. Has positive grid return, 

although this may decrease frequency stabil-

ity if heater voltage drops below rated value. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, p N5-2. 

lox 

4 76 

OUTP:...17 

SMITCHEO "'ITN 
D M SPACING 

-105V 

DISTANCE-MARK GENERATOR—Uses switched 

Hartley oscillator, mvbr-type trigger shaper, 

and parallel-triggered blocking oscillator to 

generate distance marks for 2, 5, and 25 

miles in airborne search radar. RLC unit is 

switched to change mark spacing.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N8-2. 

0OUBLE 
E MIT TEF: 
FOLLOWER 

+24V 10000 

I MEG 
220 

220 11.1251 

130 I MEG 

11.4458 ›.-+ 00 Op f 

K*X 1,000 

IN 7 0 2 

IN251 
4,7000 

470 
T pf Too 

FILTE▪ RING & 
STRETCHING 
CIRCUIT 

BIPOL AR 
DIODE 

 • SWITCH 
33K  = 

:".:;_"" 10 

-20V VIDEO 

BLOCKING 
OS C 

BOXCAR DETECTOR—Diodes conduct during 

range gate interval of 0.2 microsec in porta-

ble doppler radar, to connect video signal to 

filter circuit.— J. Scott, D. Randise, and R. P. 

Lukacovic, Portable Radar Traces Battlefield 

Deployment, Elechur,;c3, 33:12, p 67-70. 

+24V 

5.1K 

214338 

AUDIO 

22K 

—20V 

330K: 

10K 

1 t‘i 2-73 

100K 

GATED CLAMP FOR PPI SWEEP—Uses mono-

stable mvbr signal to generate reference 

level for yoke driver.— C. E. Veazie, Transis-

torized Radar Sweep Circuits Using Low 

Power, Electronics, 32:26, p 46-47. 

TO YOKE 
DRIVER 



CHAPTER 69 

Radiation Circuits 

+22.5V 

%NAM*  470K 
COUNTER 

WI 

00047 00047 00047 
-1( D 1 02 03 D4F•—•-1(-n_ 

I  

Z.§C>nle-
e 

- CI 
00047 00047 00047 

a6V 

W2 

W3 

1.1 33K 
R1 2 

 I Duo  

2N78 6002 2 
-9V 09 

RATEME TER 
470FµF  

• +6V \lc? IC3 -I-C4 
R433K 2N94 022 
- 014 

6002 IN96 
R8 R9 
470 39K 

/ Pi R7 M 30 
T3° / 5K 3 +6V 

-19V 

IN 
eC2  
47 R11 

IN204 

HIGH-VOLTAGE 
GENERATOR 
K.X1,000 

`ANVet.  100K 

o, 

o 

2N34 OR 2N197 

0022 HEAD 

i60302 ( PHONES 

 1 I 
R2 R3 22°g 

26IK 261K 
RECORDER 
R5  

30 
C5 464t( 

30 
R4 27K 

I—MERCURY -CELL BATTERY 

TRANSISTORIZED GEIGER COUNTER—Rate-

meter circuit converts output of halogen-type 

counter directly into meter indication corres-

ponding to radiation intensity. Counter trig-

gers two-transistor switch to place low-im-

Q1 
APD—C 

10 1.1 

JUNCTION-DIODE ALPHA DETECTOR—Used 

for counting alpha particles at high altitudes 

in dew-point hygrometer. Signal-to-noise 

S 

33 pF 

 I (  

e15K 

02 
2N2386 

220 pF 

e 

e20K 
33K 

178K R 

62V SI +6% 
pedance load across conventional dual-output 

diode pump. Two halves of pump current 

are summed in metering circuit.—F. S. Gould-

ing, Transistorized Geiger Counter Fits in 

Probe, Electronics, 32:3, p 64-66. 

+ 22,4F 

100 

5.1 K 

10K 

03 

2N930 

OUTPUT 

1N233A 
22µF 

558 

ratio is poor (about 4 to 1).—C. R. Seashore 

and C. D. O'Brien, FET Detects Alpha Particles p 64-66. 
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2120 2120 

3 
2N652 

6.3VAC 
GO CPS 

220 902120 68K 
100K -I5V 

+15V 
7 39K 39K 
PROGRAMMER 
ON- OFF GATE 

CONTROL 
START - 15V 

CR t100K 
PRINT 
PULSE 

250 
pF 2916911 

HO 
6006 

PHOTOT 08E 
Was 

2g/iF 

e 68K 

(21 
3 3mEG 

6.8 MEG 

100K 

2.7K 
100K 

 sAN 

4i(s 
TRIGGER 
2D21W 100K 
VI 

1 E G 

K.X 1,000 

3.9K 

)Ie SlOw 
TRIGGER 
2021W 
V2 

60 CPS SQUARE WAVE GEN. 

IS 

1-1 
001 7 10K 0.01 

—0.1 

(2) 
TIME DELAY 
RELAY- 

 "V1  
ç, 

L 

r 
o  ,  

Lot=  
r   

4.7K 

4.7K 
6+ 

DRIVER AMPL 

2N652 47K 6N652 
2N652 

GATE C 

2N1691% 

DRIVER AMPL 

29652 

10K 
47K 

7 - 
2N652 

+I5V 

29398 

50 
pF STOP 33K PROGRAMER PULSE 

29348 

+15V - 100V 

— 

K 2 

470 

2N348 10 

0.01 

29 
1694 

33K 

29398 10M 

0.01 

47K 

47K 0.01 330K 

100V 

V 

RESET 

THERMAL NUCLEAR RADIATION DETECTOR-

Triggers only on light flash from nuclear 

explosion, consisting of initial fast-rising 

pulse lasting a few millisec, followed by 

pulse lasting over 1 sec. Discriminates against 

short flashes from lightning and shell bursts, 

and long slowly rising pulses caused by 
headlights and sunlight reflections.-J. C. 

Champeny, T. E. Petriken, and S. Siciliano, 

Nuclear Bomb Alarm Systems, Electronics, 

32:19, p 53-55. 

DRIVER AMPL ALTERNATOR 

GC 10/48 470 
7. 

10M .. 470K 29348 10M 
7 

470 001 

2 6 7 8 2N348 500 

686 

330K 250 
pF 

-I5V FUNCTION 3.9K +15V 3.9K 

250 SELECTOR 

100K pF GATE 
CONTROL 

HD 
6006 

+400V 

2N1694 

FUNCTION 
470K SELECTOR NO1 

GS IOC  

1-4-3t1 
NI69A 

220 33K 

3310 0 1105.11011031 110110iTA81  

68K ( 10) e 
568K 

J_ 
7 -I5V 

TYPEWRITER 
GATE CIRCUIT 

1106006 

I. 

100K   

100K 

2NI69A 

GATE D 

100K 
sol 33K 

PF 29659 
T_. 

100pF 

ZHD 
6006 

- 15 V 

47K 330K , 

100V 

— 0.01 , 
220K <, 

+400V 

DRIVER AMPL 

2N398 

7 

470 

10M 
29659 470 0.01 

2N398 500 
0.01 pF 47K 

-100V 

+15V 

+ 400 V 

GS IOC 

4 /0K 

 °I a) 9 8 7 6 5 4 3 2 

RESET 

AUTO RESET 

291694 

KM1ID 

HOE 
6006_ 

7 

47K 330K 330K 

100V  

+400V 

470K 

10 lc' 1001 

+15V TO OTAER GATE 
CIRCUIT 

02 105DECADE 104 DECADE 

1 2 2' 4 I 2 2' 4 t iI..i, "., MERCURY f ( ( 1/ 
. RELAYS 

29652 

1 1 
7 7 

LLI 
V) 

CC 
al O. 

W  
CL 

in 

FUNCTION 
SELECTOR 90.2 

GS IOC 

68K ( 10) 

4 
21 TO DECODING 
2 RELAY MATRIX 

NEUTRON DIFFRACTOMETER-Neutron beam 
from reactor strikes sample, producing diffrac- fraction is determined by counting neutrons writer to give printout of results.-E. W. 

tion pattern. Multielement glow tubes con- in incident beam. This eliminates counting Johanson, Glow-Tube Programmer Controls 
trol sequence of operation in which length of errors due to reactor level fluctuations. Cir- Neutron Spectrometer Experiments, Electronics, 

data accumulation time at each angle of dif- cuit drives key solenoids of electric type- 34:19, p 65-67. 

 o 
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TRIP OUTPUT B 

-20 

SERIES GATE 
r+ 2 INPUTi+165 N 

K. X 1,000 

CLOCK (-110) 

22K 

CURRENT OUTPUTS 
Vvv C Dr-Wm-
4.7K * 4 7K 

•r.•  
2.5 OR 10V 10 OR 2.5V 

22K 22K 

0.001 2.4 K 

•  

PHOTO RELAY USES SR-90 SOURCE—Interrup-

tion of high-energy beam from strontium-90 

radioactive source changes resistance of cad-

mium sulphide photocell. Transistor ampli-

fier converts variation into signal that ac-

tuates relay or other control element. Source-
detector separation must be less than 4 

inches. Maximum counting rate is five pieces 

per second.—P. Weisman and S. L. Ruby, 

Solid-State Photocell Sees Through Haze, 

Electronics, 31:25, p 62-63. 

2.7MEG 

DETECTOR 
D-76 

0.001 

330 

1 MEG 

REGULATED POWER SUPPLY 

APPROX 
900V 1,200V 

1.2 MEG 

750/4/F 

CK6088 

47K 

1.5V 

ON OFF 
/ 

4.7MEG 12MEG 

5841 0.01 0.01 

33K 

I I 

CK6088 
RELAY 

R1 

100K TO 750K 

METER 
RELAY 

4.7K 
A OUT 

14 H RESET 

— bi-- SERIES 
03 GATE 

DIODES ARE 
1N450 
TRANSISTORS 
MAY BE 
2N123,2N24IA 
OR 2N404 

_L,000 
"=-

2N43 «1'7 

CLOCK 

•=.• KcXI,000 •=.• 
FALLOUT TIME-OF-ARRIVAL INDICATOR— 

Auto clock operates until fallout at level 

above 2 milliroentgens per hour arrives. 

Geiger-counter detection circuit then blows 

power-supply fuse, stopping clock with hands 

pointing to time of arrival.—R. W. Farmer 

and O. Reiner, Jr., Determining Arrival Time 

of Radioactive Fallout, Electronics, 31:31, p 

69-71. 

+20 

MULTI-OUTPUT BINARY—Basic binary circuit 

of 256-channel neutron analyzer is con-

trolled by diode gates in coincidence with 

clock pulses derived from 200-kc crystal oscil-

lator. Used in countdown, address overflow, 

memory cycle, sync, and gate stages.—E. J. 

Wade, Digital Instrumentation for Nuclear 

Research Tests, Electronics, 33:43, p 68-71. 

OUTPUT 
TO 
CONTROL 
ELEMENT 

30.1K 10K 

I 96 K 14.7 K 

Oi Q2 
2N338 2N338 

0.01 

56.2 K 3.01 K 

RADIATION ALARM—Input is from multiplier 

phototube having onthracene scintillation 

crystal on its window. Signals are amplified 
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+10V 

IK 

-10V 

R, 

330 

-V-
IN 

D, 
IN3129 

IN 

IN 

-6v 

Q6 
2N706 

10V 

THREE IDENTICAL CHANNELS 

*MADE BY SIEMENS 
SCHUCKERTWERKE, GERMANY 

TUNNEL-DIODE COINCIDENCE CIRCUIT—De-

termines coincidence of pulses from scintilla-

tion counter within nanosecond limits, for 

high-energy physics experiments. Circuit has 

limited timing jitter, good temperature stabil-

IK 

10K 

OUT 

- 10V 

380 

270 

03 

0.1 

10V 

ity, and is insensitive to transistor parame-

ters.—C. Infante and F. Pandarese, Tunnel 

Diodes Stabilize Coincidence Circuits, Elec-

tronics, 34:46, p 133-135. 

6.5V 

300 

0 V 

45.2V 

THERMISTOR 

6V 
COUNTER 

100 

INPUT FROM 
LAST SCALER 
STAGE 

K = X1,000 

MECHANICAL COUNTER DRIVE—Takes output 

from scale-of-64 circuit and converts to 40-

millisec square-wave pulse by means of com-

plementary mvbr, to drive coil of mechanical 

register once for every 64 pulses from G-M 

tube.—F. E. Armstrong, Battery Powered 

Portable Scaler, Electronics, 33:19, p 74-75. 

I96K 

+12 V 

03 
2 N338 

10K 

+6V 

I N457 
14.7 K 14.7 K 

2.61 K 

I MEG 

04 

56 2K 2N338 

1 5OppF 

1N457 
33.2K 

+GOV 
IN 457 

05 

2N338 

100 

2.61 K 

56.2K I MEG 

33.2 K 
I50p,u.F 

1N457 

K r X 1,000 

IN457 1  

464 

—250 

0,.01 250 K 
•- 11"--• TRIP ADJ 

10K RI 

T1 
• 

825 

1-200 
""'" p,aF 

C2 

196 K 

0.001 

464 K 
200 
F 

1C1N457 

250K 

200- D2 
IN457 

06 
2N338 

8.25K 
82.5K 

2.15 K 10K  

3.0IK 

100 K 

07 

2N496 

1 N 4 59 

+ 32„V 

r +75V 
K 

TO REMOTE 
ALARM RELAY 

by 01. 02, and 03, and fed to counter flip- cated by microammeter. When output ex- alarms.—H. E. DeBolt, How Radiation Moni-
flop 04-05. Flip-flip output goes to logarith- ceeds predetermined level, alarm circuit tor Guards Nuclear Navy, Electronics, 33.4, p 

mic count circuit whose output level is indi- closes relay that actuates audible and visual 43-45. 
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G-M COUNTER AND IONIZATION GAGE— 

Used to correlate cosmic radiation intensity 

with other ionospheric and geomagnetic 

phenomenom. G-M counter provides nega-

tive pulse that is differentiated, shaped, and 

amplified in circuits similar to that of ion 

chamber. Counter rate is scaled down by 

9-stage binary scaler before square-wave 

output is fed to telemetering unit.—L. E. Peter-

son, R. L. Howard, and J. R. Winckler, Bal-

loon Gas Monitors Cosmic Radiation, Electron-

ics, 31:45, p 76-79. +45V 

-6V 39 

+1100V 

4.7 MEG 

- V XR 
- 1,000 

ELECTROMETER 
ION 

CHAMBER 22 „ 
I MEG MEG 0.0 

M .1 270V 

MPMiCO% 
MOTOR 

-6V 

G-M COUNTING-RATE METER—Uses two tran-

sistors in integrating circuit and pentode re-

corder drive. Output of counting-rate mvbr 

C11-02 is 4.5-v, 260-microsec square pulse 

that charges integrating capacitor Cl through 

D2.—F. E. Armstrong and E. A. PaveIke, 

Monitoring Radioisotope Tracers in Industry, 

Electronics, 32:26, p 42-43. 

SINGLE COUNTER UNIT 
FIRST BINARY 

SCALER 

2N104 

0.0005 

ION CHAMBER UNIT 

2N104 

io cc,), 0.2K 0-1- 8 2K T 4.7K 
KZ 220K  l u. 

*. 2N4I4 22K 
10K 0 

O 
0 4 0 

2N104 

d eJ 
2* NI09 2N109 3.9K 47K 2N104 -- 

270  4,7 K 4.7K 

10K 

BCARRIER 
NERATOR 

-6V 

fill+-; BELLOWS 

1 GENERATOR 
10K 

4.7 TO 
K SUBCARRIER 

RECORDING GONDOLA 

INE -2 

NE-2 NE-2 NE-21 

SPARE 

-II 2V 

AUDIO AMP 

G-M 
TUBE 
IBB5 

V, 
6,17 

250wF 

F950 ‘, 
REG 

100 K 

110 V A-C 

+350V 

470 K 47 K 

110V A-C 
7.5 RPM 

GEIGER COUNTER—Simple basic monitor pro- If recording is required, four leads at right handle count rates up to 10,000 per minute. 

vides continuous audio and visual indications are connected to 10-cps keep-alive mvbr and Strobotron V3 in pulse equalizer provides vis-

of radioactive materials in industrial areas. triode output stage for driving recorder. Will ual indications.—R. L. Ives, Geiger Radiation 

PULSE EQUALIZER 

---r 7 

+300 V 
REG 

2,200 

vi  0.05T 

°60 CPM REG  
+300 

RATE METER 

5K 

BAL NCE 

47 K 47K 

0.02 0.02 

o 
- • S2 

2,000 

o r• e+300 V rc 
o REG 

r
is,.+350 V 

1°--  
REG 
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+22.5V—•  

TO- 5 CAN TOP REMOVED 
TO PERMIT PARTICLES TO 
IMPACT ON THE SENSITIVE 

AREA OF THE FET 

Oi 

2N2386 

0.3µF 

•- 1( 

100K 

FET ALPHA DETECTOR-Field-effect transistor 

with cover removed serves as low- noise 

alpha-particle detector in high-altitude dew-

680 39° 
K K 

500K 

pple 

47 ppF 
INPUT 
SIGNAL 

GI/ 371K 

3-12 
PPF 
7-45 
ppF 

INTEGRA-
TING 
TIME 

15 

+300V e'n 

I 
RANGE I 
SWITCH ; 

160-
2,3301 
PPF2 

.»8-11;-480ppF 

HD6007 

BIAS 200 r T T` 
250N 250 _ 1,000 K  • 

TO 
RECORDER 

COLD-CATHODE COUNT RATE CIRCUIT- Four-

element cold-cathode tube operates directly 

from output pulse of 6292 photomultiplier 

receiving light output of Zns screen of alpha 

particle detector. Maximum counting rate is 

100 counts per second.-M. H. Goosey, De-

signing Cold-Cathode Tube Circuits, Electron-

ics, 31:3, p 101-108. 

33 pF 

KEEP- ALIVE 
10- CPS MULTIVIB OUTPUT 

47 K 47 K 220K 
4 \ 

0.1 
0.1 Vi 

  1.---- - ---'-11 1 6SL7 
OOK 0.001 -1- IC)0 K --• 

Ve 
6SIL7 

220 K 220K 

--
220K •R5 

50K 

,// 

0.5 

 if  
0.5 

DUAL 

Monitor Indicates Continuously, Electronics, 

31:43, p 93-95. 

4, 1 M 15K 

I(  
220pF 

20 K 

33K 

point hygrometer. Signal-to-noise ratio is 67 

to 1. C. R. Seashore and C. D. O'Brien, 

10K 

  OUTPUT 

03 
2N930 

100 

5.1K +22,44F 

+22p.F:=. 

,C) IN233A 

•  
FET Detects Alpha Particles Better And More 

Precisely, Electronics, 38:3, p 64-66. 

BLOCKING OSC RAT EMETER 
9.1v 

02 
2N280 

I M 

M 

05 DIODE 
IN87 puto 

o, 
IN 87 

83 
11O K 

C2 
25 

I K 

120K 

R5 
10.5 M 

50 
R2 
200 18503 

84 
100K 

01 
2N280 

— 10 500 

20 

DI 

0.1 

1)2 
IN459 IN459 

0.1 

o.i 

03 I D4 y 
IN459 IN459 

0.1 

HIGH VOLTAGE SUPPLY 

. FOR S2 

POS MODE FUNCTION 

A PULSED CALIBRATE 

B PULSED OPERATE 

C CURRENT CALIBRATE 

D CURRENT OPERATE 

SURVEY METER HAS PULSED AND CURRENT 

MODES-High-voltage source for G-M counter 

uses 10-kc blocking oscillator and Cockcroft-

Walton multiplier, to give 550 y stabilized 

by zener region of DI Range for pulsed 

operation is U. to 50 milliroenigen pi, hour. 

For current mode, same 18503 G-M tube is 

used, and current in range of 50 milliroentgen 

to 5 roentgen per hour is logarithmic function 

of radiation intensity.- R. W. Lehnert and 

J. M. McKenzie, Radiation Survey Meter, 

El“tronic.s, 35:8, p 50. 
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+8V POLARIZING 
VOLTAGE 
+50V 

COUNT 
OUTPUT 

RADIOLOGICAL VACUUM GAGE-Permits 

measuring extremely low pressures in labor-

atory equipment and in high-altitude re-

search. Provides digital output that can be 
used for storage for telemetry. Transformer is 

audio type with large step-up ratio. Polariz-

ing voltage supplies less than 1 microamp. 

Transducer is small cylindrical tube lined with 
radioactive foil.-G. F. Vanderschmidt, Using 

Isotopes to Measure Low Pressures, Electron-

ics, 32:25, p 60-61. 

E — SEALED 
UNIT 

4,7 MEG 

ION 5886 
CHAMBER 

20,000 
MEG 

- 25 

22K 

PROTO 
MULTIPLIER 
COLLECTOR 

INPUT 

3.3M 

0.03 

27,000 
22.54= 

22.5V= 
. 7.54 
3,300 

ELECTROMETER-Amplifies output of photo-

multiplier that responds to degree of fluor-

escence, which in turn is proportional to 

radiation received by glass dosimetry needle 

implanted in body of person undergoing 

radiation treatment.-S. J. Malsky et al, 

Measuring Radiation Within Human Body, 

Electronics, 33:12, p 74-75. 

To.15 §47K 
I I 
I =-

220 470 1 6.8MEG   
L__. 

GAMMA-RAY DETECTOR-Triggers only on 
gamma-ray pulse produced by nuclear ex-

plosion. Uses a-c coupled ion chamber to de-

INHIBIT GATE PULSE 

FROM  CORES 5T 3 

SENSE 
INPUT 

0.25 

I/2-5751 

§470K 

K X 1,000 

1/2-5751 

0.005 

—.11-7 -  al 
1 331K 2N34 

MEGs 
3.3 

", MEG 
ewl 

g + 1,100v 
o 

vRiloo 

• • 

R2 

3.3 K 

1N68 
DI 

560 

-6V 

=100 

OUT 

K. X 1,000 

2.2 K 

G-M COUNTER FOR TRACERS-Monitors ra-

dioactivity level of flowing liquids or gases 

for long periods of time. Concentration of 

0.1 microcurie per liter of liquid gives count-

ing rate of 200 cpm above 300-cpm back-

ground count when using iodine-131. Output 

pulse is 0.75 y in amplitude and 20 microsec 

wide.-F. E. Armstrong and E. A. Pavelka, 

Monitoring Radioisotope Tracers in Industry, 

Electronics, 32:26, p 42-43. 

It 

0.25 

32:19, p 53-55. 

+300V 

Sect pulses of gamma radiation.-J. C. 

Champeny, T. E. Petriken, and S. Siciliano, 

Nuclear Bomb Alarm Systems, Electronics, 

20 

4.7 K 
 •,#V\.  

K = X 1,000 

100T IN450 

100T 

14  
I N450 

+12V 
DATA INPUT (-) CARRY IN 

47 K 

2N393 

I5K: 

150K e 47K 

pF 

2.2 K 

TO INHIBIT 
WINDINGS 

220 T2 

2NI23 

1.6 K 

80T -12 

53470 

 •  

10pF 534761 

-20 
27K IN450 

K 1K 

2 NI23 

10 p F 
5µH 

10K 

4.7 K 

1.6 K 

+20V  

ARITHMETIC BINARY-Uses 2N501 series-trig-

gered transistors, catching diodes, and peak-

ing coils operating at data input rate of 

6.8 K   

about 15 Mc, in neutron time-of-flight and 

pulsed-neutron measurements.-E. J. Wade, 

Digital Instrumentation for Nuclear Research 

6.8 K 

04 

2N501 

DISPLAY OUT 

TO PROGRAMMER 

4.7K 
TEST 
POINT 

S347G 
14 - RESET 

Tests, Electronics, 33:43, p 68-71. 

CARRY 
our 
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INPUT 

) 

0.1 

L 

-12 V 

4.7K 

0, 
10K 2N501 

100K 

100K 10K 

1 K 

IN270 

256235 

4.7pF 

0.1 
10K 

470 

in 2.2K 

+10V 

+10V 

220 e3.3K 

44  
1N270 

IN270 

820 

013 
eN247 

100,aH 

VI 
EZIOB 

03 
2N247 

R2 
100 
RI 

1K 

F-
0.1 
8.9K 

2SA235 
(3) 

DI 

S5556 

S555G 

2 3.3K 20 

09 

2SA235 
(2) 

QI4 015 016 
0C44 0C44 2S868 

017 
2SB68 

100 
2.2nF 

OC171 

1N270 

;4.7K 3,9K: 

-12V 
-100V 

012 
2N247 

470 
(2) 

IN 270 

150K e 470K e 68K ) 
2.2J kioo 2 3 0 01 
nF ? 

F-

• 
-30V 

r -240pF 

47K e47K 
100T 

33 
nF 

IN270 
2.2K; 

PFL 22K 1 200 e 
pF 

47K 47K 

2.2K 

430 

2nF 
0K y2 150K 4.71,1 1 

EZIOA 

3 0 

5.6K e27K 
 04 

1201 lOnF 

pF-C.8K i27K 

1134A 

22K (/3 el5OK 

PnE  EZIOA  

24K 

o 
) 2 3 0 

1201 
pF 

RESET 

 o 
IN346 

6.8K 47K 

o 
S5 

500,000-PPS SCALER—Uses seven fast gas- accept positive or negative pulses from 0.1 Drive Half-Megacycle Cold-Cathode Scaler, 

filled decade counter tubes driven by tran- to 100 v, has amplitude discriminator and Electronics, 34:41, p 60-61. 
sistors, for counting pulses from nuclear coincidence-anticoincidence gating.—M. Birk, 

radiation detector. Input channel, which can H. Brofman, and J. Sokolowski, Transistors 

100 pf 

It  

0.01µf 1K 

+ 12V 

4 1 2 V 

0.5V 
0.3 p SEC 

10 I< 1 K 

470 

2N 921 

0.1µf 

- 6 V 

 È 1K 

o 
OUTPUT 

SCINTILLATION-COUNTER ANTICOINCIDENCE time. Used in liquid scintillation counter Anticoincidence Shielding, IBM Journal of Re-

-Produces on output from a trigger at in- where expected count rates ore low.—G. J. search and Development, 7:2, p 135-145. 

put 1 only if input 2 is not triggered at thnt Sprokel, A I * id Scintillotion Counter Using 

2 K 

0.3µSEC 0.1 f‘r 

g 510 

0.6 V 
j-L 0.5µSEC 

270 

4 12V 
100 pf 

•  

SHIELD 2 

I K 

0.5V 
100 pf IVPSEC 

SHIELD ) 

1 K 

200 

F---
0.1w 

ANT ICOINCIDE NCE 
ON- OFF SWITCH 

+12V 
o 

1K 10K 
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+160V REG 

CLAIRE X Cd S 
TYPE CL- 2 CELL 

Cl 
4,500 pF 

NE- 76 

R, 

33K 

R2 

15K 

220 pF 

I N625 

2.2K 

2.2K 

03 

2N 338 

I  100 

40 T  1,000 pF 

PULSE OUT 

6V REG 

K. X 1,000 

LOW-ENERGY PARTICLE DETECTOR—Change dilator whose firing rate is determined by Freeman, Energy Detector for Satellites, Elec-
in conductivity of single-crystal photocell un- charging of Cl through photocell. Saturating tronics, 35:4, p 42-43. 

der irradiation is converted to pulse-code bootstrap amplifier 02 inverts and shapes 

modulation by neon glow-tube relaxation os- pulses to drive accumulation register.—.1. W. 

10 PM ANODE 0-

100 pf 
TO STRETCHER AMPLIFIER 

50 
-1V 

10 PM ANODE 

50 
IV 

TUNNEL-DIODE COINCIDENCE—Used in liquid to stretcher amplifier only for coinciding Using Anticoincidence Shielding, IBM Journal 

scintillation counter for carbon-14 and other pulses from two photomultiplier inputs.— of Research and Development, 7:2, p 

radioactive solutions. Delivers output pulse G. J. Sprokel, A Liquid Scintillation Counter 135-145. 
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+I9V 

IN FROM 
TRIG 
Akin 

Oi 
2N123 

ZERO 

SCALER 

GEIGER IN FROM PULSE Alen 

RADIOACTIVE FUEL-FLOW GAGE—Used in re-

cording flow rate of jet fuel containing 

I MEG 

TO 02 MV RECORDER 

2-KC COLD-CATHODE COUNT RATE CIRCUIT 

—Uses triode having separate cold-cathode 

diode that produces glow discharge to elimi-

nate trigger-cathode gap of triode section. 

This eliminates photosensitivity shown by 

most cold-cathode devices. Maximum operat-

ing speed is 2,000 counts per second.—M. H. 

Goosey, Designing Cold-Cathode Tube Cir-

cuits, Electronics, 31:3, p 101-108 

OSCILLATOR GATE 

radioactive tracer.—J. D. Keys and G. E. 

Alexander, Radioactive Tracers Find Jet Fuel 

Flow Rates, Electronics, 33:8 58-59. 

I 15 V FROM COUNTER 
FLI - FLOP 
4 OS 

RADIATION ALARM FAILURE DETECTOR— 

Neon indicator lamp comes on when counter 

flip-flop of radioactive dust particle alarm 

stops. Flip-flop normally operates at mini-

mum of 10 transitions per second due to 

slight leakage from radioactive test source 

built into detector.— H. E. DeBolt, How Radia-
tion Monitor Guards Nuclear Navy, Elec-

tronics, 33.4, p 43-45. 



CHAPTER 70 

Receiver Circuits 

RESONANT-REED PAGING RECEIVER—Ferrite 

antenna Li is tuned to one of up to 45 dif-

ferent carrier frequencies in range from 15 

to 30 kc, keyed at various repetition rates. 

Resonant relay I<1 in collector circuit of de-

tector 05 vibrates when excited at its natural 

keying rate, thereby interrupting loudspeaker 

current at audio rate to create paging tone. 

—J. G. DeGraaf, Selective Paging System 

Uses Coded Transmission, Electronics, 33:9, 

p 68-70. 

SIGNAL 
INPUT 

ATTEN 

PHASE SPLITTER 
-24V -24V 

TUNED 
AMPL 
0 = 23 

REFERENCE MODE SWITCHr--

REFERENCE 
IN/OUT 

ATTEN 

FREQUENCY 
l5CPS 
TO 
I5KC 

(3 RANGES) 

2.2K 

2N652A 

22K 2•2K 

10K 

-24V 

2.2K 
SIGNAL 

22K 

BALANCED 
MIXER 
(PHASE 
SENSITIVE 
DETECTOR) 

-24V 

EXTERNAL 
SELECTIVE EXTERNAL 

INTERNAL TUNED 
AMPL 
0=25 

POSITIVE FEEDBACK CONTROL 
(OSCILLATION LEVEL ) 

AMPLITUDE LIMITING DIODES (21 
IN34A 

REFERENCE 

(5) 
2N652A 

50K 

D- C AMPL 

BAND WIDTH 6DB 
OCTAVE 

-24V (2) / -24 ‘,k 1208 
/ / 39K / OCTAVE 22K 

RANGE 

PHASE 

IK 
I5K 

TO 
RECORDER 

SYMMETRY 
ADJUST 

51( 5.IK 
TRIGGER LEVEL 

REFERENCE SIGNAL SELECTOR PHASE SHIFTER REFERENCE SHAPER 

MEASURING SIGNALS IN NOISE—Lock-in can be measured or recorded, as required in tor frequency against WWV to one part in 

amplifier beats desired weak signal (40 db radio astronomy. Bandwidth is variable down 10'.—R. D. Moore, Lock- In Amplifier for 

below input noise level) with reference signal to 0.12 cps for tuning range of from 15 to Signals Buried in Noise, Electronics, 35:23, p 

of same frequency, to give d-c output that 15,000 cps. Also used for checking oscilla- 40-43. 

568 
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FOUR-TRANSISTOR TRF—Single-channel re-

ceiver fits into one temple piece of eyeglass 

frame, with ferrite antenna in other piece, 

and separate miniature earphone.—H. F. 

Cooke, Transistor Eyeglass Radio, Electronics, 

32:39, p 88. 

150K 

10K 

---- RESONANT X/2 DIPOLE 

GAMMA ROD 

2N1742 

MD ' 
POINT 
OF DIPOLE 

02 
21.11110 

0.01 

FIXED-GAIN ANTENNAFIER—Transistorized 

dipole antennafier operates with fixed bias 

for maximum gain or minimum noise tem-

perature. Gamma rod provides matching so 

transistor sees pure resistance.—J. F. Rippin, 

Making the Antenna an Active Partner, Elec-

tronics, 38:16, p 93-96. 

 • ,.{r, C INPUT I OUTPUT 

X/4 CHOKE 

/7- 670g.—gF 7— — 7 

CI 
2gie.F 

2N640 

)1  
0.05 

600 
/LILF 

110µ{cF'.r. 

0.05 25 

2N64I 03 

100K 

180giLF 

—a-- C 2 
— 0.05 — 

R1 

500K 

5.6K IN29 5 
02 

FIVE-TRANSISTOR AUTO RADIO—Q1 is r-f single-ended output delivering 4 w at less 

amplifier, 02 is autodyne converter, 03 is than 10% total distortion. Sensitivity is 2 

unneutralized 262-ke l-f amplifier, DI is audio microvolts at 1 w audio output.—R. A. San- tomobile Broadcast Receivers, Electronics, 

detector, 04 is audio driver, and Q5 is tillu and C. F. Whealley, Transistorising Au- 32:38, p 42-45. 

I o 

2N59I 2N301 

SPARK 
IPLATE 

R2 
0.47 

+I4.4V 

es>0 
500 SPARK / 

PLATE SPAR;1`.ço 

— PLATE 
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MIXER 
STAGE 

F-M 

237pF 

TO 
BASE 
OF 
R-F 
STAGE 

2NI180 

04 
39pF 

t 

i-e--
10.7 MC 

3.3K 
W. 

AGC 

0 

IN 

8 

470K 

VI 

K2X 1,000 

TONE SIGNAL REJECTOR-Used to separate 

desired backscatter pulses from unwanted 

tone signals of interfering stations on same 

470 

2NI180 
05 

8IpF 

10.7 MC 

- 220 
-÷7 

5pF 
0.7 MC 

2NI180 
06 

8IpF 
I-

455 KC 

1,800 
pF 

001 0.02 

0.01 
22K 

1 5K 470 

110PF 

..L1 0 ••••-0.1 50_z  

THREE-TRANSISTOR A-M/F-M I-F STRIP-Used 

in a-m/f-m portable radio. Only two stages 

operate on a-m.-R. A. Santilli and H. 

Thanes, Portable Radio Uses Drift-Field Tran-

sistors, Electronics, 33:28, p 48-50. 

100K 

0A7 

• V 

12AT7 

150K 

10K 

47K 

V4 

-I I 2AT7 
2 

100K p 4.7K 

V3 

0.1 6AU6 

=0.47 

=25 

0.001 

V5 
100K 

  1 
-I2AT7 
2 

4.7 K 

100K 

470K 

10pF 

frequency. Negative-going portion of tone 

signal is rectified and used as slicer level 

for passing desired pulse, which rides on 

V6 

1N542 
R1 
1.5K 
6.8K 

300pF 

300pF 

6.8K 
- 47 F 

03 R2 e 
N542 1K 

=0.003 

TO 
AUDIO 

A-M STAGE 

04 
1N295 

I.  

I2V 

TO 
F-M 

DETECTOR 

-W,-1( • • I 
IM 5 C11 

0.001 

2N2I7 
07 

10 

3.3K 

100 

¡8.2K 

2N2I7 
08 

3.38 
11-Wo— 

CI 

2N21? 
09 

50 68K w D5 1N2326 

TO I2V 
A-M 50 

DETECTOR 

AUDIO FOR A-M/F-M PORTABLE-Overall 

power gain is 70 db, with audio output of 

1 w at less than 10% distortion.-R. A. 

Santilli and H. Thanos, Portable Radio Uses 

Drift-Field Transistors, Electronics, 33:28, p 

48-50. 

47K 
0.47 100K - 0.47 Ç 100K 

(----me\--•-w.--) I I f (--AAA4-
0.47 

0.004 

T4.7 K 25 

+300V 

VIO 

-I 12 AU7 
2 

[2K 

+300 V 

VII 
I2AU7 

0.01 

10K IM 

TO P.P.I. 

1 0.01 

0.01 

top of interfering tone.-K. Perry, Reducing 

Interference in Ionospheric Sounding, 33:22, 

Electronics, p 118-120. 
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1K 

0.021 

460 KC 

66H6 

33y4d 

460 KC 

2.26 

II .11 .;e1 
Sb 156 ' 66 
j.iF YPF 

KOK 

220 

 1' 
510IC 

460-KC F-M RECEIVER FOR WIRELESS MICRO-

PHONE—Loop 5 meters square picks up in-

duction field of four-transistor transmitter 

and feeds r-f amplifier VI. Operating fre-

LI 

TEST 
3ip;LF 

100k +1509 

50KC 0.125H 

1 22g»F 68 

PMr 91$1 

IN3{ 

quency is converted to 50 kc by V2 and 
amplified and limited by V3 and V4. Audio 

signal is recovered after passing through 

low-pass filter. Peak audio output is about 

ANTENNAFIER—Varactor-tuned transistor amp-

lifier built into tip of conical spiral antenna 

is tuned from 120 to 240 Mc by varying 

varactor voltage from 0 to 40 y d-c.—J. F. 

Rippin, Making the Antenna an Active Part-

ner, Electronics, 38:16, p 93-96. 

CI 

R2 

T1 
RADIO INDUSTRIES 
*8222 ce 
AUTOMATIC 
aS-T250 

CONVERTER 

TRI 

RI 

C2 

CRI 

C3 

VARACTOR 
CONTROL 
VOLTAGE 

SPIRAL 
ANTENNA 
ARMS 

220K 

12 
WOO INGUSTR£S 

#8222 OR 

AUTOMATIC 
854256 

9 

1ST 1 F 

TR2 

C6 

4 
R6 

2NI742 

13 
RADIO INDUSTRES 

#8223 OR 

AUTOMATIC 
83.6148 

183 

C9 

812 

CII 

t 1 MEG 

4.10 10 

39 

• 01,000 

15K 20 

-0.01 AUDIO 

K t_ UT  

K 22K TII 

60*6 

PHONES 

0.5 v, enough to feed p-a or speech pre-

amplifier.—G. F. Montgomery, Wireless Micro-

phone Uses F-M Modulation, Electronics, 31:1, 
p 54-55. 

REFLEX 

ce 

RIG 

TRA 

VARACTOR 
PC 139 

450n/ VC 

C13.7=. 

Auo 

C14 

4 

RI , R14 ,— 1500 OWE 

R2,  6800 OHM 

R3, 

R4,R11, 

R5,  

R6,  

R7,RR, 

R9, 

Re,  

82, -

0.000 OHM AUDIO TAPER 

R13, 100 OHM 

120 OHM 

27,000 OHM 

470 OHM 

82,000 OHM 

330 OMM 

3300 OHM 

10,000 OHM 

91,000 OHM 

VOLUME CONTROL 

RIO 814 

C5 
R7 

 N/NA,  

CI,C11, 02pfd 

C2,C3,C7, 

CA,C8,C9.C13- 05+18 

C5, 

CR, 

CIO 

C12,  

C14, 

TRI,   

TRZ. 
193, 

TR4,  

15+20, I2V 

50+18, 3V 

6+10, I2V 

50+18, I2V 

100.00, I2V 

GE 291086,291066G 

OR 2910E17 CONVERTOR 
29292 151 IF 

GE 29169 DR 291121 REFLEX 

291415 AUDIO 

LI,   435)/11E10% 

L2, 250)/6E10% 

'91 1.2,-19645 OR EQUIV. 

ACI 
AC2 — 883 R/C MODEL 242 

•  

  jRI3 4. C12 4 

•-•". 
SW 

SPIRAL 
ANTENNA 
ARMS 

R-F 
OUTPUT 
AND 
12 V O-C 
INPUT 

9 VOLTS 

FOUR-TRANSISTOR REFLEX—Nominal sensitiv-

ity is 200 microvolts per meter at 5 mw ref-

erence power output. Maximum power 

output is 75 mw, and total battery drain is 

17 ma.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 291. 
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.01,f 

I I 2N2715 
C TO 

CONVERTER - 

4.7 K 1 T  
5µ1 

330 
.05µf 

  AVC 

1-F 

T 3 

AVC 

0+9 VOLTS 

 o 

TUNED R-F STAGE-Improves sensitivity, se-
lectivity, and signal-to-noise ratio when used 

at input of radio receiver.-"Transistor 
Manual," Seventh Edition, General Electric 

Co., 1964, p 283. 

TONE-OPERATED CALLING SYSTEM-Calling 

frequency of 2,350 cps is amplified by plate 

resonant circuit of V2. D1 rectifies this signal 

and applies positive-going voltage to control 

grid of last i-f VI, to operate K1 and sound 

buzzer.-L. Solomon, Citizens Band Equipment 
Design, Electronics, 33:45, p 70-72. 

330K 

6BH6 

-r- 0.0 1 
M _L 

100pF 
I - F 

0.02 - 

2.2M 

CI 
0.47 

A - C--I 

BUZZER 

120K 

+260V 

1220K 

MIKE 
INPUT 
0 022 

S 

270 K 

6.8K 820 

100K 

470pF 

001 

180K 

3.9K 

SIB 

0.1 
a. 
o 

o 
o 
o 

SENSITIVITY V 

+120V I 

220 pF 470K 6A05 

560 

2 60 V 

390K 

TO TRANS 

R- F AMPL 

CARCINOTRON BRIDGE OSCILLATOR 
SWEEP FREO 

500 
µid 

Rie 
100K 

// 

270K 

OSC 
FEED- 47K e47K 

ge.5K 

3.3 

I/ 
1 , 

R1e 
100K 

270K 

500 
peF 

0.1 

CATH FOIL PHASE SHIFTER CLIPPER CATH FOLL SAWTOOTH GEN 

OK 
10.-

0.01 

(  
0.01 

VI 
6AN8,. 
I0Ok IX 00K 

470K 0.05 

10K 

CARCINOTRON 
SWEEP FREQ 

0.01 
VIDEO 
INPUT 

AFC AMP 

1.5MEG 

2711 

K. X 1,000 

2.2 
MEG 

470K 

22K 

V2A 
58I4A 

I5K 

CLIPPER 

150)4 

V28 

40.1 . 
47K 10.002 

I5K 

V34 
58I4A 

4 

22K 
Y4 
5751 

50K I 

;o.002 

22K 

100K 

220 

0.01 

22K 100K 

10 

2.2 
MEG 

V38 

50 

CI 

470K I IMEG 0.5MH 
1113 

2K 100K 

270K 
Vs 
2021 

CLIPPER CLIPPER 

Li 
4HY 

C2 ,,.,,,,, 
8 I5K 
o 

10 
1K 

56K 

Ve 
0.01 

10 
I K 

100K 

V9 
0.01 10 

I K 

56K 
4 

Vie 

6201 

U 
HY 

10 ÍK 

33K 56K 
V7 

33K .01 6201 
--- - 

6201 
_ ___ --- - - - 

0.01 470K 

22K II 
SI 

AFC 47K 

SAGS lc 
o n 
4. 220 e 22K 

220 

. o 
n 
sr 22K 220 L 

0.01 
1K 0.1 

50K Ii 22K 100K 
50K 22K 100K 

50K 
2.2K 100K -OFF 

INO SIGNAL CLIPPER 
SYMMETRY 

VOLTAGE-TUNABLE CARCINOTRON CONTROL 

-Used with superheterodyne receiver to pro-

CLIPPER 
SYMMETRY 

vide continuous frequency coverage from 30 

Mc to 75,000 Mc by means of harmonic mix-

CLIPPER 
SYMMETRY 

ing.-C. H. Currie, Carcinotron Harmonics 

Boost Receiver Range, Electronics, 32:9, p 

58-61. 
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0.002 

BIF1L AR CHOKE 
30 TURNS No24°02 
DIA 1/ 2" 6.3 

LOAD-ISOLATING 3-3.5 MC OSCILLATOR— 

Refined version of Lampkin variable r-f os-

cillator for dual  sien receiver gives 

uniform output over band and sufficient sta-
bility for single-sideband reception after 30-

sec warmup.—E. Robberson, R-F Oscillator 

has Improved Stability, Electronics, 36:32, p 

62-63. 

FOUR-TRANSISTOR REFLEX PORTABLE—Second 

i-f stage doubles as audio amplifier to give 

five-stage performance.—E. Gottlieb, Transis-

tor Reflex Circuit Trims Receiver Costs, Elec-

tronics, 31:1, p 66-68. 

150y 

X 

0 02 

AFC NULL 

ir 

4325y 

R4, 
IMEG W2 

TO ." Me, 
CARC1NOTRON et cc 
DELAY LINE 

METER 
BALANCE 

• 
TO IND SWEEP 

470 
+325V 

10,- TO D1FF 
AMPL 

10 AFC 
GAIN 

T, 

:1 

„ 211168 =‘•2 
e ICON VERTER  

eR7 >i5K 

3.36 

."•-•. 22K 
ANTENNA •••-1 

IN64 

270 

12 T3 DETECTOR 

C2 
1 

ANTENNA INPUT ON ON 

50pF PHILCO 
12896 

01 
2N215 

I 1164 

12V 

14 
00 OHMS 

32 OHMS 

50pF 

1,000pF 

820 

SLOT ANTENNAFIER—T-bar-fed 420-Mc slot 

antennafier for space vehicles has gain of 10 

db, 100-Mc bandwidth, and 7.8 db noise 

figure.—J. F. Rippin, Making the Antenna an 

Active Partner, Electronics, 38:16, p 93-96. 

2N215 
2N601 

2N6O1 

221*Di 

50MW 
MAX 

18 K 390 

560 1N564 3.96 

02 

DI 
N56A 

0.05-

L 

05 
2NI02 

-7. 

100 

0.05 

TO CAR RADIO DRIVER TRANSMITTER 
SIGNAL INPUT FROM CAR RADIO 
POWER FOR CAR RAD K) OUTPUT STAGE 

..v ro-1 1120- -V BP2T)/ YF RTOEtIAGI I 'AT ILO N SYSTEM 

9-KC INDUCTION RECEIVER—Thermistor net- from oadside telephone-line loops.—E. A. 

work in base circuits of transistors provide Hanysz, J. E. Stevens, and A. Meduvsky, 

thermal compensation between — 30 and Communication System for Highway Traffic 

+140 °F, for picking up messages broadcast Control, Electronics, 33:42, p 81-83. 



574 SOURCEBOOK OF ELECTRONIC CIRCUITS 

F-M 

6.8pF A- K1 

pF pF 

0.22 

C4 
e.5-15 j.4.10-180 

pF pF r 

2N1177 
Q1 CI 

F-M 5pF 

2NI179 
02 

F-M 

A-M° 

33K 
.-
0 .01 

L4 

TO 
AGC 

A-M 

1.5-15pF 

j8-20 
pF 

1 
470p1 

1.8 

TO 
BASE 
OF 
1ST 
I-F 

STAGE 
I0.7MC 

*-Nle 136 t 39 
0.01 T PF i pF 

-÷.7 220 A- M o K 
F-M 

C5 C6 
0-180pF 0.22 

pF 237PFT 

4550C 

pF 

0.05 

C3 
4pF 

0.02m 

OA-M 

6.2gH 
L3 

680 
0.01 

ml 
03 

2NI178 

A-M 
o -

100 

-12V 
C 2 

3.30F 
F-M 

-o 

8-20pFie 

470PF 
.w.  

27K 

/ L5-15 
pF 

:10.001 

8-100pF 

1.5 15pF 

TUNER FOR A-M/F-M PORTABLE-R-f ampli-

fier 01, mixer 02, and local oscillator 03 

are all switched to perform same functions on 

f-m as on a-m. Grounded-base oscillator 03 

requires careful design to compensate for 

transconductance phase shift at highest fre-

RF 
INPUT 

T, 
II 

PRESELECTOR 

DI 
IN831 

_E7-*  

2.2pF 
08 09 

2N700 2N700 
FREQ MULT FREQ MULT 

1002 11002 I 002 1002 

2.20 IK 

DOUBLE-CONVERSION F-M SUPERHETERO-

DYNE-Common-base connections in local os-

cillators 010 and 011 give stability with 

K.X 1,000 

quency of osci lotion ( 118.7 Mc). Overall gain 

of tuner is 25.5 db at 88 Mc and 22.5 db at 

108 Mc.-R. A. Santilli and H. Thanos, Porta-

ble Radio Uses Drift-Field Transistors, Elec-
tronics, 33:28, p 48-50. 

2N7O0 22pF 
IF AMPL 

oit 
2N700 
1ST LO 

2 

13.002 0.002 

7.5K IK 2.2K 

02 
2N700 
IF AMPL 73 

51111.1 25K 

041 
MOO 800K 3V 

TWO-TRANSISTOR REFLEX RADIO-Q1 is used 

regeneratively os r-f amplifier and reflexively 

as first o-f amplifier, while 02 serves as 

power amplifier.-S. A. Sullivan, Transistor 

Radio Uses Few Parts, Electronics, 31:1, p 

90-92. 

I.5V 

BIAS CIRCUIT 

500 

E 

VSWR AMPL 
INPUT 
CIRCUIT 

I 

I I 
L _ _ _J 
CRYSTAL 
DETECTOR 
MOUNT 

MILLIMETER-WAVE DETECTOR-Biasing with 

1N53 crystal detector increases gain 20 db 

at 73 Mc.-K. Ishii and A. L. Brault, Crystal 

Biasing Improves Millimeter-Wave Detector, 

Electronics, 34:24, p 65. 

03 
2N700 

2ND MIXER 

2N700 
2ND LO 

1. 111002 

I K 7,5K 

2.2 pF 

minimum components in 20-channel Mercury oscillator. I-f output is 10.7 Mc.-R. Elliott, 

spacecraft command receiver. Each frequency First Details on Mercury Spacecraft Command 

multiplier doubles frequency of first local Receiver, Electronics, 36:5, p 32-35. 

+6V D-C 

+12VD-C 
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AC 100V 

R1 

1 MEG 

SSB PRODUCT DETECTOR—Square-law rela-

tionship between transconductance and drain 

o  

1p F 

40k 

200 
'MS  

0.05µ F 

I I 

L I oc 

AUTOMATIC 
E XO 5460 

:R2 

RI, Rh,  6800 OHM 
R2, 33,000 OHM 
R3, 1500 OHM 
R4, RIO,R15,— 470 OHM 

R5, 100,000 OHM 
R6, 330 OHM 
R7, RI3, — 4700 OHM 
REI, 2200 OHM 
69, 2,700 OHM 

RI2, VOLUME CONTROL 
10,000 OHM I/2W AUDIO TAPER 

R14, 15,000 OHM 
R16, 220 OHM 
RIP, 2700 OHM 

RI8, IO 011M 

620, 33 OHM 

R 2 

3 MEG +24V 

current makes mas fet ideal for product de-

tector in ssb receivers.—G. G. Luettgenau and 

760 

15314 

AUTOMATIC 
ESO 5460 

330 

91V 

100es F 

RADIO INDUSTRIES 
418223 OR 
AUTOMATIC 

1%0-3015 OR 
BS6I4G 

E_L-- - CR2 

35mA 

+ 22V 

S. H. Barnes, Designing With Low-Noise MOS 

FETs: A Little Different But No Harder, Elec-

tronics, 37:31, p 53-58. 

1 
250µF I.01µ F 

SIX-TRANSISTOR 12-V 1-W BROADCAST— 

Nominal sensitivity is 150 microvolts per 

meter. Zero-signal battery drain is 10 ma.— 

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 293. 

PUSH-PULL 
AUDIO OUTPUT 

2 

AUDIO 

3H12 DRIVER 

CI, 02pf d 
C2, C3, .01pla 
C4,C6,C7,C8,-.1pfd 
CS, 6,1d, 12V 
C9, .05pf d 
CIO, 6pfd, 6V 

  .003pfd 
C12,C13,C14, — 50pf d, 12V 

C15,  2pfcl 
TRI,   GE 2N10117 

CONVERTER 
TR2, — GE 2N293 1ST 1 

TR3,  GE 211169 OR 21111121 2wo 1.7 
TR4, 211334 DRIVER 

TR5,TR6,—  0.E.2N1118 AUDIO 
WITH CLIP- ON HEAT SINE 
1B1RCHER 341.635- 2R OR EOUIV.) 

1 

TI, 2000/2600 CT 

T2, 2000 CT/VC 

LI, 435ph 
L2, 250pAi 10% 

ACI,— 190.6 
AC2,-89 } R/C MODEL 242 .3 

CRI,CR2,— 11164 OR 111295 OR Cc:101V 

leeele< 

J--
I 2 V 

PROTECTED OUTPUT STAGE—High-voltage 

passivated mesa transistor in output stage of 

Japanese home radio is protected by silicon 

varistor R.—T. Kojima and M. Watanabe, 
Whcsa You're Second, You Try Harder, Elec-

tronics, 38:25, p 81-89. 
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OSC 
-30V 

0.01 

= 300 

2N384 

— 0.01 
1 2K 

+30V 

BUFFER AMPL 

12K 

0.01 

2N 384 2N384 

LOW-LEVEL 0-C INPUT 

AUTOMATIC LEVEL CONTROL FOR PARAME-

TRIC AMPLIFIER—Varactor diode in pump 

feed line feeds so-called magnified d-c amp-

AMPL 

2N11 4 2 

2N697 

AMPL 

lifier that in turn drives ferrite variable at-

tenuator, to hold troposcatter receiver signal 

level constant over entire klystron mode.— 

SIGNAL-POWERED RECEIVER—Circuit receives 

and rectifies r-f radiation, stores resultant d-c 

energy in C2, and releases energy to tran-

sistors as required. Unique dipole rectifier 

provides efficient antenna-to-receiver coupling 

for frequencies of above 50 Mc.— L. R. Crump, 

Radio Waves Power Transistor Circuits, Elec-

tronics, 31:19, p 63-65. 

INFORMATION CIRCUIT 

0.01 

OUTPUT AMPL 

2N697 

68 

1.2 
RECTIFIERS 

1 N252 

0.01 

OUTPUT 
TO 

ATTEN-
UATOR 

W. L. Smott and H. C. Leahy, Parametric 

Amplifier Improves Tropo-Scatter System, 

Electronics, 35:9, p 38-40. 

AUDIO AMPLIFIER 

84  

0.001 

IN34 I IN34 

D2 

10V 

03 

I t  

I 365p4LF 

, 3 
680K 

2N77 2N77    JIIU4 
02 

0, 

3 

14  
C, IN34 

io-60 DI 

2200 

T3 

GENERAL ELECTRIC CO. RADIO INDUSTRIES, INC  

01 2N2926 ( RED) OR 2N27I5 OR 2N3394 TI 16414 

02,03 2N2926 (ORANGE) OR 2N27I6 OR 2N3393 T2 13964 

Q4 2N2I96 OR 2N2I07 ( ATTACH TO HEAT SINK) LI 16413 

DI IN4009 ( SILICON) L2 16411 

02 IN60 ( GERMANIUM) AC MODEL 42-2A 
03 INI692 

* USE 1.0pf WITH 2N2926 AND 2N3391 SERIES TRANSISTORS, 0.5 pf WITH 
2N27I5 SERIES. 

POWER CIRCUIT 

25V 

+ 0-

:100 

OTHER COMPONENTS  

13 35K/I0011 

T4 250/VC 

BI 110V, 25W LIGHT BULB 

390K 

PERFORMANCE 

NOMINAL SENSITIVITY 40p.v/m 

RATED OUTPUT POWER 750 MW 

TOTAL POWER DRAIN 10 W 

FOUR-TRANSISTOR A-C LINE SET—Nominal 

sensitivity is 40 microvolts per meter, power 

output 750 mw, and total power drain 10 w. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 297. 
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A 
I- F IN 

uF 2.7K 

1390  11(  

RFa 

2.2K 

1 100K 

—4,700 

"PqhF. 

o, 
2N3I0 

390 
kiktF 

0.008 

•--1( 

560 

DI 

IN60A 
14  

100K 

0.02 

10K 

0.5 

450 
AUDIO 
LOAD 

40 

 )1  

AGC 

AUDIO 

OUT § 33K 

00 

+6V 

I-FiA-F REFLEX- Single transistor gives simul-

taneous amplification at intermediate and 

audio frequencies in economy radio. Careful 

design provides high gain and sufficient un-

distorted output power to drive audio output 

transistor at full rating without motorboating. 

-J. Waring, How To Design Reflexed Transis-

tor Receivers, Electronics, 32:19, p 70-72. 

GENERAL ELECTRIC CO  RADIO INDUSTRIES, INC  

01 

02, 03 

04 

05, 06 

DI , D2 

2N27I5 

2N27I6 

2N2924 OR 2N3392 

2N27 14 ( WITH HEAT SINK) 

1N4009 

SIX-TRANSISTOR 9-V BROADCAST WITH 

TUNED R-F STAGE-Nominal sensitivity is 30 

TI 

T2 

T3 

LI 

L2 

16412 

16414 

13964 

16413 

16411 

•=. 

RADIO CONDENSER CORP. 

TUNING CONDENSER 
MODEL 42-3A ( CN 909991) 

BIF1L AR CHOKE 
30 TURNS No.24 
DIA / 2" 

HIGH-STABILITY 3-3.5 MC OSCILLATOR-Mod-

ification of Lampkin circuit uses pair of cath-

ode followers in cascade, with tube circuits 

being tapped across part of coil and excited 

from resonator through high impedance. 

Bifilar choke minimizes variations in heater-

cathode capacitance of driver V2.— E. Rob-

berson, R-F Oscillator has Improved Stability, 

Electronics, 36:32, p 62-63. 

PERFORMANCE 

NOMINAL SENSITIVITY 30µ v/m 

RATED OUTPUT POWER 500 MW 

BATTERY DRAIN 12 5 MA 

OTHER COMPONENTS 

T4 5K/2K CT 

TS 250 CT/VC 

microvolts per meter, power output uu mw, ual," Sueenth Edition, nen.rn1 Electric Co., 

and battery drain 12.5 ma.-"Transistor Man- 1964, p 296. 
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10.7 MC100F p  r  —1 1 INPUT I' FROM 10.7 MC I-F AMPL I 
L _ _ 

45 MC OSC  
I 68pF pFi 

47K 
T L_. MC - 12.6 V 

LO 

I 0. 
tu 

2.2M 12EK6 

0.001 

  11.155 MC 12EK6 

DOUBLER  90  MC TO 90 MC  AMPI, 10pF , 47pF 3-30: r pF  

1' 

330: pF  12EK6 

RFC 

455 KC 
.. 1 OUTPUT 

I I I TO FIRST 
I I liFEAKMGPL  
L L J 0.04 
RFC 

DOUBLER 180 M C MIXER 12.6V 10.7 MC 1-F  
2 2p-F15: , 3.3pF 

12EK6 
2.2M o, 10M o 

o 
10M 

(- , 

4 

Ls-

o 

RFC 7 

10M 
12EK6 R.  IN 
o 
o 

o 0 1  pF 
e?T_ 

r  

HIGH-FREQUENCY MOB LE OSCILLATOR—Uses 

third-overtone crystal oscillator with two 

doubler stages. To get adequate drive for 

doubler to 180 Mc, stage of straight-through 

amplification at 90 Mc is used.—C. Gonzalez 

and R. J. Nelson, Design of Mobile Receivers 

with Low-Plate-Potential Tubes, Electronics, 
33:34, p 62-65. 

e820K 620 

01 
-)e 2700 

41" 
10 

470K 
031 1  

180 
05 .05 01 e .05 270 e470 I5K  GENERAL ELECTRIC CO.  

01,03 2N2926 (RED) OR 2N27I5 OR 2N3394 02, 04 2N2926 (ORANGE) OR 2N27I6 OR 2N3393 05, 06 2N2714 ( WITH HEAT SINK) OR 4JXI1C1536 DI IN4009 ( SILICON) D2 IN60 (GERMANIUM) D3 IN1692 *USE 1.0pf WITH 2N2926 AND 2N339I SERIES TRANSISTOR, 0.5 pf WITH 2N27I5 SERIES 

7.5V 

12.6 V 

330K 

25K 

04 

COLPITTS CRYSTAL—Oscillator uses 11.155-Mc 

tuned plate circuit for operation at crystal 

fundamental frequency. Other 12EK6 has no 

cathode bias and provides conversion gain 

of 10.—C. Gonzalez and R. J. Nelson, Design 

of Mobile Receivers with Low-Plate-Potential 

Tubes, Electronics, 33:34, p 62-65. 

175-MC R-F STAGE—Pi network in grid cir-

cuit couples energy from antenna. Double-

tuned capacitance-coupled transformer is used 

in plate circuit.—C. Gonzalez and R. J. Nelson, 

Design of Mobile Receivers with Low-Plate-

Potential Tubes, Electronics, 33:34, p 62-65. 

II7V AC 
110ac 1500 188V D3 

06 

SIX-TRANSISTOR A-C LINE SET—Nominal sen-

sitivity is 30 microvolts per meter, power 

output 940 mw, and total power drain 4 

w.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 298. 

SPK 

T6 

TO I2EK6 MIXER GRID 

RADIO INDUSTRIES, INC. TI 13964- RI T2, T3 13964 LI 16413 L2 16411 
tbC MODEL 42- 2A PERFORMANCE NOMINAL SENSITIVITY 30Ay/m RATED OUTPUT POWER 940MW TOTAL POWER DRAIN 4 W OTHER COMPONENTS  T4 4K/2.5K CT T5 450 CT/VC T6 I2.6V FILAMENT TRANSFORMER 
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RADIO INDUST RES 
8222 OR 
AUTOMATIC 
BS- 7256 

TI CRI 

L  g  

CONVERTER 

TRI 12 

RI 
2 

RADIO INDUSTRIES RADIO INCLISTRIES 
* 8222 OR *8223 OR 
AUTOMATIC AUTOMATIC 
BS- 725G BS-6146 

72 T 3 

41_7. 

TR2 

CS C6 

C3 Re 

R2 11t4 

 10,000 OHM 
R2, — - - - 15.000 OHM 
R3,  1500 OHM 
R4,   270 OHM 
R5, 47,000 OHM 

220 OHM R6, 
R7, R9,   2200 OHM 
RIO, - — - 1000 OHM 
R  4700 OHM 

R12, VOLUME CONTROL 
10,000 OHM I/2W AUDIO TAPER 

R13,  68,000 OHM 
 470 OHM 

R16, 100 OM 

R17,518,  8.2 OHM 

RIS,  33 OHM 

4 
R5 

1ST 

IF 

14 
11-12 I CR2 

5.3 • 
11 -.1 

TR 3 

Cl ie 

R9 RIO 

7 Re 

A A 

V VV 

2ND 

R12 

RU 

C9 7e4 

CI   02 0 14. 
C2,C3,C5.C6,C7,C8, - 
C4, CIO, 410. - 6V 
C9, 
CII,C12,C13. 
C14, 

CRI , CF12, 
TRI,   

T R2, 
1R3, 
7R4, 

AUDIO 
DRIVER 

CIO 

.05 Id 
50»fd. - 12 V 

.2,04 
11164G OR EOUIV 
GE 2111087 
6.E. 214293 
G. E.211469 OR 2141121 
E.211324 

R5 , TAG, - — G. E. 281415 

* T 4 3600G / 2000 C T 
*15 36011 CT /VC 

PERFORMANCE  GENERAL ELECTRIC CO.  

01,03 2N2926 ( RED) OR 2N27I5 OR 2N3394 

02,04 2N2926 (ORANGE) OR 2N27I6 OR 2N3393 

05,Q6 2N27I4 ( WITH HEAT SINK) 

DI IN60 (GERMANIUM ) 

D2 , D3 IN4009 (SILICON) 

TR4 

RADIO INDUSTRIES, INC. 

TI - 13964 - R1 

T2,1.3-13964 

LI 16413 

L2 16411 
AC MODEL 42-2A 

74 

Cl2 

PUSH-PULL 
AUDIO OUTPUT 

TR5 

RI7 

RIS 

T R 6 

o 

o 

EARPHONE 
JACK 

n_L-0 

15 

t‘r 

RIS 

R16 RIS 

13 

6V 

SIX-TRANSISTOR 6-V BROADCAST RECEIVER 

-Nominal sensitivity is 200 microvolts per 

meter, maximum power output is 200 mw, 

and zero-signal battery drain is 8 ma.-

"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 292. 

NOMINAL SENSITIVITY 20»v/m 

RATED OUTPUT POWER 500 MW 

BATTERY DRAIN 10MA 

OTHER COMPONENTS 

T4-5K/2K CT 

T5-250 CT/ VC 

RUSE 1.0pf WITH 2N2926 AND 1N3391 SERIES TRANSISTORS, 0.5 pf WITH 2N2715 SERIES. 

SIX-TRANSISTOR 9-V BROADCAST-Nominal power output 500 mw, and battery drain 10 

sensitivity is 20 microvolts per meter, rated ma.-"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 295 • 
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82K 

100- KC 0.001 
PULSES 
FROM 
LA- 90 

25K 

PK 

j .  -150V 

- ONE-SHOT 

+150V 
▪ 27K 

100K 

24 pF 

5IK 
Vs 

68E6 

MIXER-
47K - 50K 
roW—e%.01A.-1  

-150K 

50 pf 

+150K 

V„ 

1 2AU7 

En—OK 

6-1(- 1 
1,500pf 

-150V 

I 
= '68 

--I 12 AU7 
2 - -150V 

BLOCKING OSC 

1N191 

470K 
POK 

Vs 
6J6 

RINGING OSC 

47K 

V3 
68E6 

MIX R 

56K 

22 pF 

56pF 56 pF 

33K 

33K 
9.IK 

112pF 

120K 

500 pF -r  
_t 

33 

56 pF 

120K 

+ 50V 

+150 V 

V108 
1 
-2 12 AU7 

50pF 

•••1"elel 

27K 

0.01 

56 I 

DETECTOR 
PLUG-IN 

C26 
22 

OK 

47K 

10 pr 

0.001 

100K 

D3 

O. 

100pF 

1  120K 

0.01 

47K 

0.01 

100 
pF 

66E6 - 
MIXER 

-150V 
R3 

0.01 

+150V 

+150 V 

100- KC 
PULSE 
OUTPUT 

1- KC 
PULSE 
INPUT 
FROM 
LA- 90 

82K 68K 82K 

100pF 

12AU7 
2 

ONE-SHOT 

+150V 

— V-8 
1 - 
I2AU7 

82K 
56 
pF 

680 K 

_L 
0.2 

100K 
10K 

I --
500 
pf 33K 

1 0.25 2 5 1301 K 

+150V 

V39 

156 
pF 

• 100pF 

22I< 

2.7K 

V 

25K 

0.01 

4.3K 

  0-140 
120K TRIMMER • pf 

OSC 3 - 

V„ - 

-2 I2AU7 

4.3K 

3-30 
pF 39K 

OSC I 

5 14 

FREQUENCY SYNTHESIZER—Three oscillators 

in synthesizer provide frequency increments 

.u)  

10 pF 

LOCAL 
OSC OUT 

4.3 

—413-30 
7 pF 39K 

OSC 2 

of 1 kc from 2 to 30 Mc, to replace local S US 

oscillator operation in double-conversion ssb Synthesizer Replaces Sideband Converter, 

receiver.—J. E. MacDowell, Stable Frequency Electronics, 35:25, p 41-43. 



CHAPTER 71 

Recorder Circuits 

SOUND TRACK DRIVE— Dual-input amplifier 

drives 10-ohm recording galvanometer for 

variable-area optical sound track of 16-mm 

sound-on-film camera. Can be mounted di-

rectly on camera. Requires only two 6-v 

nickel-cadmium cells.— E. M. Tink, Transistor-

izing 16-Mm Tv Remote Film Camera, Elec-

tronics, 32:3, p 58-59. 

FROM 
OSCILLATOR 

R, 4.7K 1E40-11 

 AAA 

39K 

4.7K 
It-VVV-• 

R5 
VV‘I  

68K 

SHOCKPROOF - F- ERRITE-CORE RECORDER— 

Cores retain stored data even otter 6,00U-9 

shock. Each transistor encodes decimal digit 

INPUT I 

100 

33K 

INPUT 2 

100 

2NI75 2NI75 2NI92 2N43 

-I2V 
FROM 2N43 
BATTERY 

I2V LAMP SUPPLY VOLTAGE 

I.2K 

39 TO 
SIB o  RECORDING 

=- I pa() — TO SOUND EXPOSURE LAMP GALVANOMETER 

into two binary digits Ream-switching dec-

ade counter makes 01 io 010 COUlli ; II SUZ. 

cession, to energize the five outputs that 

4 

GT-760 

IKIEACH1 

4.7K ( EACH) 

270K ( EACH) 

6701 
VI 

1 TO 
  AND 

GATES 

K z X 1,000 

pulse cores through gated amplifiers.— C. P. 

Hedges, Digito! Recorder Holds Doto After 

Shock, Electronics, 32:12, p 60-62. 

581 



582 SOURCEBOOIC OF ELECTRONIC CIRCUITS 

+10V 

VIN 

VALUES 
DEPEND 
ON 
SOURCE 

MAGNETIC DRUM WRITE AMPLIFIER-Power 

amplifier is followed by impedance-changing 

device that converts voltage waveform at 
output of flip-Bop into corresponding cur-

rent waveform for low-impedance recording 

head of magnetic memory drum, for Man-

chester recording with 220 ma peak-to-

peak.-A. J. Strassman and R. E. Keeter, 
Clock Track Recorder For Memory Drum, 

Electronics, 32:41, p 74-76. 

-28V 
+28V 
-50V 

10K 

BANDPASS AMPLIFIER DRIVES RECORDER-

Feedback from final stage to input sets bias 

level of direct-coupled a-c amplifier having 

current-derived stabilization, for driving re-
corder over range of 0.2 to 5 cps, with no 

bulky capacitors.- P. Laakmann, Direct Cou-
pling Shrinks Amplifier Size and Cost, Elec-

tronics, 36:12, p 66-68. 

ON OFF 
WRITE. 9  

100K 

A 0 

+50V 

0.01 100K 3.9K 

10K 

0.01 

Oi 
2N78 

0.1 390 

0 A 

a2 
2N44 390 

390 

240:30:30 

10 
•Ash.  
DIODES:H02038 OR IN6TA 

05 
2N44 

300g/iF 

04 
2N44 

03 390 

2N44 

— 0.02 

390 75:75:75 

OUT 

1( ..X 1,000 

290 - CPS 
OSC 

R2 
47K 
0.47 

CI 
330 0.1 

CK549DX 

LEAD 
SULFIDE 
CELLS 

+4V -22.8V 

RECORD PLAYBACK AMPL 
AMPL 

+12.1 V 

+4V 6102 

6102 
220K 

REC / PLAY 

2N208 

DAY -NIGHT SWITCH 
SATELLITE RECORDER AND TRANSMITTER-

Primary video signal bandwidth is 0 to 240 
cps. Direct-record system uses 290-cps sub-

00015 

0.01 

2N220 

0.47 I5K 

2.7K 100K 

ZENER 

DIODE “, 
11.7V • 

RECORD 

PLAYBACK AMPL 
2 

100K- GAIN 
1 MEG ADJ 

2N220 

0.0▪ 0▪ 47 

I5K 

+I 7.4 V 

470 

PLAYBACK 

MOT 

+ 4V 

carrier for reproducing d-c component of sig-

nal, giving 50-cps lower sideband. Upper 

sideband (530 cps) is suppressed. Transmitter 

0.015 

0.47 

3.3K 

10K 

470 K  
 F-r-VVV  

0.0047 8.2 K 

MODULATOR 

0.005 993 

2N2 08 10 — 

3.3K +6.7 

110V 

ERASE OSC 
uses crystal-controlled 108-Mc Hartley oscilla-

tor, feeding 1 w to antenna.-R. Hanel et 

al, Tracking Earth's Weather with Cloud-
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FROM AND CATE 

0.05'1 33K 

+22.5V 

FROM 
AND 
GATE 
COMMON 

GT-760 

GATED AMPLIFIER DRIVES FERRITE CORES— 

Used in shockproof recorder in which each 

amplifier drives a line of six cores. Inter-

rogation of cores releases stored informa-

tion for processing.— C. P. Hedges, Digital 

Recorder Holds Data After Shock, Electronics, 

3212, p 60-62. 

TO MATRIX 
VERT CALS 

4250V 

250 V 

PEAK-READING CIRCUIT— Recovers analog 

voltage from modulated sawtooth waveform 

of magnetic-drum recorder.—H. L. Daniels 

and D. K. Sampson, Magnetic Drum Provides 

Analog Time Delay, Electronics, 32:6, p 

44-47. 

TRANSMITTER 

500 IIFF 
(— ANTENNA 

lo 

o 

9 
co 

t 
e•-> 

t 6.7 V 

Cover Satellites, Electronics, 32;18, p 44-49. 

S C 

3.4µH 
a) 
o 

-5.4 Y 
POWER FOR 
INTERROGATION 
RECEIVER 
LOCAL OSC 

POWER FROM 
INTERROGATION 
RECEIVER 

K2 K3 K4 K5 KB 

21 
0.254 T 

1 

II8V 
60 CFS 

TO RECORDER 

IN5,10(4) 

LINE 
REFERENCE 
ADJUST 

1  

82K 

1N540 

50K 

14  

9.1M 

1.1M 

BIAS 

150K 

TRACING CAUSES OF LAB L NE TRANSIENTS 

—Circuit responds to single pulse having 

rise time as short as I microsec, and records 

average value of line voltage. Transients 

greater than preset trigger level pass through 

22K 

I2AU7 

JIOK  

100K 

R2 

150K 
BIAS ADJ 

RECORDER 
SWEEP 

8.2K A0.1 

_L. —0.47 -9 Ry 150K 

+250V 
'FGULATED 

diode gate and trip mono, giving current 

pluse that drives chart recorder pin.— F. 

Trainor, Transient Recorder Monitors Power 

Lines to Protect Circuits, Electronics, 34:29, 

p 74-75. 

PRESSURE 
TRANSDUCER 

SIGNAL 
CABLE 

I2V 

AMPLIFIER BALANCE 

D-C 

1K 
LIN 

K =X 1,000 

RUGGED DESIGN FOR OCEANOGRAPHY—Can 

drive low-impedance recording galvanometer 

for long periods without auxiliary power. 

Bilateral symmetry of push-pull circuit using 

matched 2N65 transistors optimizes linearity 

and thermal stability. Although designed for 

d-c operation, response is flat within 2 db 

up to 50 kc.—W. G. Van Dorn, Transistor D-C 

Amplifier for Rugged Use in Field, Electronics, 

33:1, p 85. 

NON- IN   VERII NG AMPLIFIER 
LIMITER r\j"-\ 

TRANSDUCER EXCITER— Used in carrier amp- input, at frequency depending on loop para-

lifier of strip- chart recorder to provide amp- meters. Amplitude variation is held to 0.2% 

litude-stable fixed excitation frequency for for 25'C change in ambient by simple zener 

t,.:Inerinrpr Two-stage amplifier with 360' and transistor Ilmiter.—Amplitudc-Stoble Au-

phase shift oscillates when output is fed to dio Oscillator, EEE, 11:8, p 87. 
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HARD - TUEIE 
SWITCH 

470 

v250 
- 50 

CONTROL 
VOLTAGE 04 
0.4 TO 4.0V 

+24V 

-24 VDC 

Q2 

1-CPS RAIL FLAW AMPLIFIER— Used to amp-

lify extremely low-frequency signals produced 

by longitudinal defects in rails, to drive pen 

recorder. Cl bypasses high-frequency sig-

nals.- 1-1. W. Keevil, Transistor Pulse Ampli-

tiers Detect Rail Faults, Electronics, 35:21, p 

53-54-

27K 

I2K 

COMMON  

NEG  120 
MEMORY 

C2 
FEEDBACK 15K 
SIGNAL  

 FEEDBACK INPUT e". 
OUTPUT 47K 

22i 22 

C3 L4 TI20 T120 
POS MEMORY 

K-x1,000 

SWEEP 
OUT 
(50 TO 250V) 

2N464 

o 2% 4 e 
ICI 1-16 
2N464 

02 
50 

:22K 1 K 330 

FACSIMILE SWEEP—Maximum variation in 

sweep length is less than 1 part in 1,000. 

Uses modified Miller feedback circuit. Sweep 

rate can be controlled over 10:1 ratio.— E. W. 

VanWinkle, High-Precision Sweep Generator, 

Electronics, 33:50, p 88-90. 

o3 
2N464 

— 1( 

soofr 

100 

2N444A 

POS SIG OUT 

NEG SIG OUT 

2N597 

100 

LA") 126 VAC 

IN 

MODU-
LATOR 

3 
50 

100K Q4 
2N307 

220 

Is 
C4 
50 

111( e,OK 
1N538  

20 

100K 
R2 

6V 

4 

VERTICAL ACCELERATION RECORDER—Ac-

cepts phase-reversible 400-cps signal from 

vertical accelerometer, which is in phase with 

reference voltage for positive accelerations 

and 180° out of phase for negative. After 

amplification by Q1-02, synchronous demod-

ulator diodes D1 to D8 separate positive and 

negative signals for output transistors 03 and 

04, which feed servo of engraved-foil flight 

recorder.—H. E. Schauwecker, Data Recorder 

for Airplane Flight Analysis, Electronics, 33:48, 

p 118-120. 
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PRECISION FREQUENCY GENERATOR—Pro-

vides 440 cps at 115 y for timing motor of 

engraved-foil flight recorder. Uses saturat-
ing-transformer oscillator and auxiliary regu-

lating circuits to maintain precise voltage and 

frequency.—H. E. Schauwecker, Data Recorder 

for Airplane Flight Analysis, Electronics, 33:48, 

p 118-120. 

FACSIMILE SWEEP AMPLIFIER—Provides power 

amplification for driving electronic high-defi-

nition facsimile recorder. Sweep input volt-

age is high enough to eliminate need for 

voltage gain in power amplifier stages.—E. W. 

VanWinkle, High-Precision Sweep Generator, 

Electronics, 33:50, p 88-90. 

R3 2.7K 

100 

R4 R5 
10 270 

500 

R2 22K 

1.2K 1.2 K R6 IN752A De 
1K 

L,e 3 

O 

2N444A 

(8+) 
CI 
110 

C2 
110 

(B ) 

(COMMON)  

(28V)   

1680 

IK 

IK 

7 

4.7 
MFD 

07 
IN752 

D6 (7) 

2N1123 
IN2069 

(8 

Di ft 

ID2W 

IN2069 

)03 rd R1 
700 

2N1159 

D 

D5 (9) 

1N2069 

5 

OUTPUT IC 
SERVO 

(12) r MOTOR 
(440 ",-' 115V) 

(II)  ( CT) 

(I 0)  
(440'11 115\) 

K.K 1,000 

( 1 ) 

(2) 

(6) (3) 

RAIL FAULT-DETECTING AMPLIFIER—Signals 

from inductive pickup near rail are amplified 

enough to drive sensitive relay of pen re-

corder. Amplifier does not block after being 

overloaded when pickup passes over rail 

joint.— H. W. Keevil, Transistor Pulse Ampli-

fiers Detect Rail Faults, Electronics, 35:21, 
p 53-54. 

DEFLECTION 
YOKE 

800 -OHMS RESISTANCE 
2,0001,140.32 
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LINE 

1 0.5 

3.96 

6.2K 01 

TELEPHONE 
SET 

1 0.5 

13 K 

0.0051 25 

IK 

GROUND 

30E 0.01 

2 

i272K 22K • II-
0.05 

V2 

6SN7 

T3 

II ,•RECORDER 

I 

L _ _ 

T'°  

I 1 8 
I MEG 

012 
MEG 

V1 CONTROL SWITCH 
651,47   

R2 

6.8 
MEG 
RI 

7.5 K 

3.3K 

125 125 

120V 
60 CPS 

BEEPER FOR TELEPHONE RECORDING-Gen-
erates periodic I,400-cps tone or beep hav-
ing 0.2 sec duration, at intervals of about 
15 sec, as required by Federal law when 
recording or broadcasting telephone con-
versations.-J. Zelle, Phone Calls for Broad-

cast, Electronics, 3145, p 96-101. 

225 V 

1N93 

ANAIDOG 
IWEG 

+150 V -30V + 250M 

1,000 

ANALOG VOLTAGE COMPARATOR-When 
sawtooth amplitude exceeds analog voltage, 

positive feedback loop of blocking oscillator 
is completed through conducting diode and 
oscillator conducts, triggering thyratron writ-

SYNC 
iN 

FACSIMILE SYNC PULSE SHAPER-Used to 
change shape of high-precision sync pulse for 
facsimile recorder in order to change time of 
return trace. Amplifier VI is coupled to plate-

0.05 pF 

SI 
"OFF" 

12K 21e 

7" 100 Ap•F 

SAWTOOTH 
p00,,F 

WRIT E 
SCAN NER 

ing circuit for magnetic drum.- H. L. Daniels 

and D. K. Sampson, Magnetic Drum Provides 
Analog Time Delay, Electronics, 32:6, 

44-47. 

driven one-shot mvbr whose time constants 
determine return trace time.- E. W. Van-
Winkle, High-Precision Sweep Generator, 

Electronics, 33:50, p 88-90. 

150V 
8.2K 

150K 

2pF 

_L 

180K 

120K 

-170V 

47K 47K 

150K 2,000 pF 

PLAYBACK 
INPUT -'-__ 

ID4 0.01pF 

 ) I  

10K 

10K 

V5 

12AU7 

D I D6 

270K 

- 270K 

2p F 

V4 
I2AX7 

VG 

12AU7 

_L 150K .-. 0.05pF ZD21S 

I80K 

S2 
"oN" 

120K 

-170V 

ZD21S 

1,000pF:-.3 330K 

e430K D6 

5.6K 

OUTPUT 

2N2102 

ALL DIODES 1N463 

TIMING-SIGNAL PLAYBACK-Timing signals, - 170 V 
recorded as 50-v negative pulses, each cor- converted to original rectangular pulse by original pulse at output.- G. Silverman, Mod-

responding to an edge of original interval- pulse amplifier and bistable circuit. Negative ified Tape Recorder Stores Timing Signals, 
timing pulse in biomedical experiments, are pulses change state of bistable, to reproduce Electronics, 39:13, p 75-76. 
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470 

6.8K 

15 

470 

220 

-20V 

CP 

flIAS COMMON TO ALL AMPLIFIERS 

MAGNETIC DRUM READ AMPLIFIER—Ampli-

fies phase-modulated step-modulated Man-
chester signal from magnetic drum read head 

and provides phase detection for recovery 

of stored information. Also used for syn-

chronization.—A. J. Strassman and R. E. 

Keeter, Clock Track Recorder For Memory 

Drum, Electronics, 3141, p 74-76. 

IN 

JA OUT 
15 K I5K 

KA OUT — Ws.-.0-W\...• 

I H02184 

FROM 
AUDIO 
AMP 

NE 5.1 

e 

2AU7 

370 

TO 0-C 
AMPL IFIER 
ANO 

RECORDER 

VU RECORDER—Used to provide permanent 

records of broadcast speech levels and for 

checking audio network circuits. Circuit has 

same rise time, overshoot, frequency response, 

and rectifier characteristics as standard vu 

meter.— D. H. McRae, Vu Recorder Has 

Standard Response, Electronics, 31.17, p 

78-82. 

POSITIONING AND ATTENUATING CONTROL 

—Adds d-c positioning voltage to input sig-

nal of recording galvanometer. Magnitudes 

of input and positioning voltages can be 

varied independently without interaction. Cir-

Ci 
0.5 

2N4I4 

P l 

100 

D3 

4030M-30 
SHOCKLEY 

02 

10,000 1-KV PULSES PER SECOND— Four-layer 

diode D3 discharges Cl through pulse trans-

former and transistor QI prevents diode from 

remaining in conducting state. Used in elec. 

V t. 

TO 
SAWTOOT1.1 

GE N 

3.3 MEG 
-r 

STOP 
SAY/ TOOTH 

START 
SAWTOOT 

-105 V 

RECORDING SAWTOOTH-CONTROLLING FLIP-

FLOP— Used for sawtooth generator of mag-

netic drum recording system.—H. L. Daniels 

and D. K. Sampson, Magnetic Drum Provides 

Analog Time Delay, Electronics, 32:6, p 44-47. 
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cuit also has attenuating control for signal 

voltage.— N. Kassowitz, Non-Interacting Pos-

itioning and Attenuating Controls, EEE, 13:3, 

p 47. 

FERROXCURE 

398R360E31- 3C2 

I 70 R3 

ELECTROSTATIC 
200K I HEAD 

C 2 

2, 200 pF 
1N677 

R2 

1.8K 

- 6V 

7--

trographic recorder.—N. C. Hekimian and 

P. M. Schmitz, Four-Layer Diode Triggers High-

Voltage Pulse Generator, Electronics, 34:26, 

p 84-85. 

•85 V 4- 250 V 

SAW TOOTH 
OUT 

-105V 
VIA 

FROM 
CONTROL 
FL IP FLOP 

ZERO GAI 
SE T6AL CASTRO 

'1/2 6AL5 

K. X 1,000 - 250 V 

READING SAWTOOTH-CONTROLLING FLIP-

FLOP—When flip-flop output is negative with 

respect to zero- set reference voltage, saw-

tooth output is dropped through diode gate 

to reference voltage. Start-sawtooth pulse 

makes output of flip-flop positive.— H. L. Dan-

iels and D. K. Sampson, Magnetic Drum Pro-

vides Analog Time Delay, Electronics, 32:6, 

p 44-47. 



CHAPTER 72 

Regulated Power Supply Circuits 

0, 

INI218A 

T, 

IN1218A 
02 

II5V 

2 KC 

03 

R, 
47 

cl 
3 + 

L1 

1N1219 

C2 
180 

R5 
510 
 NAA.  

D7 N1219 

1.11i 
D8 
1.11  

D9 
C3 
60 

D 

2 N I 74 

D 

R20 
180 

IN 12 7 

VouT - ve 

2N174 

2N 10 39 

R2 
200 

R21 <, 
770;» 

R17 
510 

R4 
510 

VOLTAGE STABILIZER USING FOUR CON-

STANT-CURRENT DIODES—Value of stabilized 

output voltage can be adjusted by placing 

potentiometer in parallel with SX68 zener 

diode and connecting base of 01 to slider. 

With this arrangement, magnitude and phase 

angle of output impedance are not affected 

by output voltage setting.—T. K. Hemingway, 

Applications of the Constant-Current Diode, 

Electronics, 34:42, p 60-63. 

DII 
INI519A 

360 012 
IN1519A 

06 
2NI039 

R9 
250 

: R8 

>560 

R11 

910 

2N10 39 

CR, 3 

1N1530 

oe 
2NI039 

R7 RIO e R12 
180 200 360 

R18 

R13 
360 

LINK E F REMOVED IF 02 FED 
FROM D, IN WHICH CASE R5 
IS 360 OHMS 

TWO-LEVEL REGULATION FOR 12 V AT 0.2 normal operation and the other to supply 

A—Transformer provides two voltages, one for current during transients. Storage capaci-

12 V DC 
0-24 

R 14 
? 2 40 

tance is only one-tenth of that needed with 

conventional series regulator.— F. L. Ward, 

Novel Bi-Level Regulator Reduces Storage 

Capacitance, Electronics, 35:32, p 74-75. 

588 
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VARIABLE-FREQUENCY A-C REGULATOR— 

Commercial ballast tube in thermal regulating 

bridge is used with feedback-stabilized amp-

lifier and filter to regulate a-c voltage source 

to 0.1%. Used for instrument calibration. 

Triode oscillator circuit oscillates at series 

resonant frequency of LC filter, which can be 

tuned from 50 to 2,000 cps.— E. A. Gilbert, 

Precision Variable Frequency Power Supply, 

Electronics, 34:2, p 99-100. 

MZ8 2 

10 VOLT 
INPUT 

h— OUTPUT D- D ApAPL 

NEO 
FEEDBACK 

POS 
FEEDBACK 

1.4 V TWO-ZENER REGULATOR—Used to de-

liver regulated voltage lower than is normal-

ly available with zener diodes. Difference 

voltage is used for output. Gives excellent 

1 4 VOLTS 
temperature compensation because both di-

REGULATED odes tend to drift in same direction.—"Zener 
Diode Handbook," International Rectifier 

Corp., 1960, p 54. 

D C BIAS  - 

121 
2N335A 

Oe 09 

R23 

2.5 K? 

R25 

11 500 

:R 26 

511 

REGULATOR DIODE STRING—Six 5% silicon 

regulator diodes operated at 65 ma give 

• 30 v at 90 ma and 15 v at 95 ma. Used 

Ci3 

50 

+ 30V 

POWER SUPPLY 

==. 

with vibration-measueing ciicuit whoac peak-

reading output drives d-c amplifier Q8-Q9 to 

give required output current of 2 ma for d-c 

II5V ± IS. 
50 OR 
60 CPS 

R„ 30 

618 0, 9 10 

1N354 5 

meter or recorder.— H. A. Harriman and W. M. 

Trenimion, Vaji,:ition Measurements with Penk-

Reading Circuit, Electronics, 35:20, p 57-59. 
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30V 

1 

K. X1,000 

01 
2NI0168 

2.2K 

D—C 
IN 

32-38V 

I.5K +10V1 
140 27K R2 

05 47K I.5K 2N490 

124 
330 

Cl 
16 

DI 
IN536 
R3 
560 

Ri.0 

02 
2N389 100 

20656 

4.7K 

270 

D2 
IN5363i 

04 
2N336 

180 (/ 

IN935A 

24K 

0.01 
IK 

2.74 

2N336 

)( 

5.6K 

IN714 

\211.1444 

1.56 

50 

03 
2033'6 

4.7K 
2K 

TRANSDUCTORS STABILIZE HIGH-POWER 

RECTIFIER—Rectangular-loop saturable reac-

tors SR in single-phase power supply hold 

output voltage constant within 1% at load 

currents of 0 to 20 amp and line voltage 

variations of 50%. Choice of components de-

determines power capacity.—T. Kurimura and 

K. Yamamura, New Way to Use Saturable 

Reactors: Stabilizing High-Power Rectifiers, 

Electronics, 36:21, p 62-66. 

VRin) 

37.5-70 volts 

—   

SERIES REGULATOR WITH TRANSISTOR PRE- full load when input voltage varies over 

REGULATOR—Design procedure is given to range specified. Output varies from 30.7 y 
meet specification that regulation factor F to 31.1 over temperature range of —50 to 

range from 0.001 for no load to 0.00145 for +125°C.—Texas Instruments Inc., "Transistor 

SHORT-CIRCUIT PROTECTION—Series regula-

tor has automatic pulsing-type short-circuit 

protection. D1, R2, and R3 form constant-

current prelimiting circuit, and 04 is shut-

off transistor. Unijunction transistor 05 pulses 

continuously. D2 completes discharge path 

of Cl through R4 when 05 fires.—A. G. 

Lloyd, Overload Protection for Transistor Volt-

age Regulators, Electronics, 33:52, p 56-59. 

Vo 

30 volts 

0-400 ma 

O 

Circuit Design," McGraw-Hill, N.Y., 1963, p 

160. 
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MIDDLEBROOCK SERIES-STABILIZED SUPPLY 

—Provides constant 15 y for moderately 

variable load, with temperature coefficient of 

1 mv per degree C, 4 mv peak-to-peak rip-

ple, and 0.5 amp maximum current.—E. Bald-

inger and W. Czaja, Designing Highly Stable 

Transistor Power Supplies, Electronics, 32:39, 

p 70-73. 

1,500 

250 

R4 
330 

IN91 

REACTOR DRIVE 

+17V D- C 

1N1202RA 

+10V D-C 

2N628 

1N1200A 

COMMON 
POWER 

09 

2N628 

09 

2N628 

1.40V 

40V 

4.7K 

6 

27V 

IS'« 1,000 

:R2 

100 

IN536 

2N525 

DRIVER AMPL 
FORMING ELECTROLYTICS—Current-diffe r  

amplifier deli.ers constant current during 

tial forming of electrolytic capacitors, and 

voltage-difference amplifier holds voltage 

CURRENT 

VOLTAGE-DIFFERENCE AMPL 

SU1005 

K X 1,000 
constant when final forming voltage is Martin and H. Liepins, Unique Power Supply 

reached. Values of current and voltage can Delivers Constant Voltage and Current, 

be adjusted over wide range of preset Electronics, 35:31, p 40-41. 

values for different sizes of capacitors.—J. W. 

0071 

2,000 

500=-• 15; 

ze 0.5A 
MAX 

ZENER REFERENCE—Sensing circuit for 6-v con-

stant-voltage transformer-regulated power 

supply develops error signal for controlling 

shunt transistors.—J. T. Keefe, Transformer 

and Shunt Transistors Regulate D-C Power 

TO Supply, Electronics, 34:20, p 99-101. 

03 or 
FIG I 

06 

2N525 

05 

10K 2N525 

SET 
CURRENT 

CURRENT-DIFFERENCE AMPL 

03 

2N525 

›-SET 
VOLTAGE 

560 

470 470 

INI507 

660 3.9K 

250 

COMMON 

VOLTAGE 
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D.. 
til 

2N1893 
2NI893 2NI893 2NI893 

2NI890 

4.7K 4.7K 4.7K 4.7K 

220 OHMS 
CURRENT 
LIMITER 

IK 

22K 

20K 
VOLTAGE 
ADJUST 

2N2060 

I 0.5V 

4.7K 

I0.5V 
-t 

Ilk - -J 

> 
0.t 
0 M 
r‘l Ul 

00 
I- 1-
0 0 
ul 

/ 

6-V D-C REGULATOR—Provides 4 amp at 6 y 

with 1% regulation for inputs of 7 to 50 y 

from unregulated source. Auxiliary source Ea 
must be minimum of 5 v.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. II, Semiconductor De-

vice Circuits, PSC 1, p 1-2. 

CONTROL FROM 
TRANSMITTER DISC 

TRANSMITTER 
KLYSTRON 

IN540 

1N540 
 (PI  

117 VAC 
±10*4 
60CPS 

• 

o  

K.X 000 

MAGNETIC-AMPLIFIER REGULATOR—Provides 

stable operating voltages for transmitter and 

700 7 
T+ +I 

_  Ill 
I 

MA- I 
AFC I I irr•-•-•-rn  

(4) 
3-IN540 

30Off 
= 

100K 100 
OOK 

MAGNETRON INJECTION ELECTRODE SUPPLY 

—Constant-voltage bridge floating on varia-
ble resistor feeds differential amplifier and 

series regulator. Rheostat setting determines 

value of regulated output voltage.—S. Pri-

gozy, Designing Special Power Supplies for 

Voltage-Tunable Oscillators, Electronics, 35:44, 
p 48-50. 

-300V 620K 

---1 (4) 300K 

250K -r+10 6H - 6H 
4-IN540 — 

300K 

X 

r—^--% 
-1120V -750V 

(4) 
3-IN540 

6H 6H 
--= --7---

10K 

10K 

receiver local-oscillator klystrons in 6,000-

Mc microwave link.—M. C. Harp, Nonvacuum 

100K 
REC 
AFC 

100V 

-300V -400V 
T47.00 %.--,,,—, 

REC 
KLYSTRON 

Devices Control Klystrons, Electronics, 32:7, 

p 68-70. 
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HIGH-CURRENT REGULATOR—Four parallel-

connected transistors handle up to 240 w if 

mounted with heat sink If output voltage is 

reduced, separate power supply must be pro-

vided for zener regulator to protect transis-
tors.—"Zener Diode Handbook," International 

Rectifier Corp., 1960, p 57. 

25V 
IA 

180 

4,71< 

2N2108 

7-500 

1N3639 ( 4) 

12-V REGULATED SUPPLY WITH REFERENCE 
AMPLIFIER— Integrated transistor and zener 

diode in reference amplifier act with tran-

sistor 2N2108 to hold 12-v d-c output volt-

115V 

75V 

OV 

4:7K 

-7-*-7 25 

a 

age within 0.3% over a-c line voltage varia-

tions of 10% for load currents up to 100 ma. 

—T. P. Sylvan, New Device Simplifies Power 

Supply Design, Electronics, 36:20, p 39-43. 

COARSE VOLTS 

200 150 50 

500 

34V 
0.16 

G.E. 
NO.399306061 

EXT. SYNC. 

t41VA 
400 

100 

50 CP5.2 KC REGULATOR—Thermal bridge 

using ordinuty Lullùlt tube it used 

with tunable filter of 200 v-a variable-fre-

E XT 
CAPACITOR 

0.85 

EXT  
oi 

0.0091 

60 
 o 
380- 
52,0 

500-
2000 
o 

24 - 1,095 pF 
FINE 
S201 

DECADE 
— CAPACITOR 

0-0.01 

2KC-
5KC 
o 

5KC 
20KC 
o 

COARSE 

. K 

;100 
fl 2' 

BACKWARD-WAVE OSCILLATOR FILAMENT 

SUPPLY—Provides constant voltage for fila-

ment of backward-wave oscillator. Output 

voltage is compared with fixed reference in 

d-c amplifier, and difference is used to con-

trol series pass element.— S. Prigozy, Design-

ing Special Power Supplies for Voltage-

Tunable Oscillators, Electronics, 35:44, p 48-

50. 

0 

9 H 

I H 

0.125 H 

TO 
AMPL 

1,200p ç 
T 

quency power supply for instrument calibra-

tion Output stage ( not shown) uses two 

7378 pentodes in push-pull class AB1, with 

positive feedback.— E. A. Gilbert, Precision 

Variable Frequc.icy Power Supply, Electronics, 

34 2, p 99-100. 
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r 

TUBE-ZENER REGULATOR—Regulates within 

0.2 y from no load to full load. Variation of 
10% in line voltage causes only 0.1 y out-

put change.—"Zener Diode Handbook," In-

ternational Rectifier Corp., 1960, p 59. 

07 
2N697 

0.12 

3.3 K 

18K 

0.1 .••••••• 

OVERLOAD 

L -------PROTECTION 

51 

R6 
100 

•  

ol 
2N3715 

1.-- ------ -.1 

R5 

5.1K . D2 
• 4 M 

V 
D3 
IN4001 

Ci 
50 I  

i 
DELAYING I I BASIC 

I 
J L  NETWORK  J L  CIRCUIT 

1N4001 

R12 
1K 

LARGE VOLTAGE SWING WITH LIMITED 

SUPPLY VOLTAGES—Circuit shows usual solu-

tion to problem, wherein final transistor is 

operated near positive supply voltage and 

:en« diode provides coupling. Drop in gain 

caused by R can be eliminated by using 

constant-current diode in place of R. If R1, 

R2, and R3 are similarly replaced with these 

diodes, circuit becomes independent of posi-
tive line, eliminating spurious feedback 

through this line.—T. K. Hemingway, Appli-

cations of the Constant-Current Diode, Elec-

tronics, 34:42, p 60-63. 

V. 250V 
225ona. 

— 

03 
2N697 

-R-4. 
1K 

10K 

0.001 

91 

04 
2N2800 

¡2.2K : 

R2 
350 

R3 
330 

J 

OUT 

OVERLOAD PROTECTION FOR SERIES REGU- and transistor 08 in overload-sensing cir- ulator from Short Circuit, Electronics, 38:25, 
LATOR—For input voltage of 30 to 40 y d-c, cuit trigger monostable mvbr 06-07 to re- p 75-76. 

output at full load of 3 amp will be held move drive from Q1 until mvbr resets.—J. 

within 99.09% of 28 v. Tunnel diode D4 Takesuye, Tunnel-Diode Sensor Protects Reg-
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3 AODITION,4L Suces 

51/804 
+28v 
REF 2 

5 AMP AT 0 TO 20 V—Five regulator tran-

sistors in 5-amp power supply have indicator 

lamps at their emitters. Regulation is better 

than 0.1% at 20 v, and ripple is below 1 my 

rms.—J. A. Wheeler and E. J. Currence, Fault-

Indicating Series Regulator, Electronics, 34.4, 

p 60. 

115V A- C 

K.X 1,000 

115V AC I 
60 CPS 

D2 
1N4001 

LOW RIPPLE AT LOW COST—Ripple at output 

is used to control d-c resistance of series 

UNREGULATED 
INPUT 

03 REGULATED OUTPUT 
3 VOLTS - 

2N1304 

REGULATED 3-V SUPPLY—Junction diode D1 

provides nonlinear voltage-current character-

istic of zoner diode, as required for refer-

ence level below 2 v. Poor temperature char-

acteristics of junction diode are offset by 

base-emitter voltage variation of transistor 

C3 R I 
10 47K 

regulator transistors Q3-Q4, to keep ripple 

below 10 my rms over wide temperature 

TEMPERATURE 
I COMPENSATED 
L COMPARATOR CIRCUITJ 

QI with temperature. Regulated output of 

3 y within 2%, at 5 to 100 ma, is obtained 

from unregulated 4.8-v source over range of 

16 nC to - 50°C.—A. K. Scidmore, Junction 

Diode Regulates Low-Voltage Supply, Elec-

tronics, 37:27, p 55 56. 

DUAL-POLARITY 15-V SUPPLY—Output volt-

age is adjustable from 11 to 15 y d-c and 

nearly constant from MO load to 300 ma, or 

from 90 to 140 y a-c line voltage.— D. T. 

Birch and K. E. Chellis, Regulated Positive-

Negative Supply Delivers Low-Voltage Di-

rect Current, Electronics, 34:30, p 62. 

12 VOLTS 

0 TO 1 AMP 

range. Cost is under $ 15.—R. E. Risely, 

Power Supply Reduces Ripple by Varying 

Series Resistance, Electronics, 39:2, p 74-75. 
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TI 

II 5V 
400 CPS 
3PHASE 

UNREGULATED 
LINE 

300-V 200-MA REGULATOR—Transistor QI 

serves as series element in negative lead of 

high-voltage regulated supply, dissipating 

less than 16 w.— "Zener Diode Handbook," 

International Rectifier Corp., 1960, p 58. 

INI304 8 INI304 

11'491 IO 

I500 Z.--
1408 

500 

2N458   2N458 
-12V 

GROUND 

1IN753 SC 
11( 

2N250 

o 

+12/ 

REGULATED 
LINE 

A-C LINE REGULATOR— Five-transistor circuit 0.5 y of 110 y for 2-amp load.— R. A. Greiner, 

uses breakdown diodes to regulate voltage Line Voltage Control Uses Zener Diodes, 

inputs between 113 y and 140 y to within Electronics, 33:6, p 64. 

bi 

04 
03 04 

46V 
RMS/ 
PHASE 

I3V 
RA1S/ 
PHASE 

R3, 
X18 

R33 V e--"°-". 

K 
R34 

D5 D6 R38 

C )o, 
2NI719 

0 13 

SHUNT 
REG 

R„ 

11N457 

R19 

2N33I 

o, 

1N9658 

R20 

AMPLIFIERS 

  2N1I8A 
Qio 

DI? 

IC 
T  

07 D8 

M ' 44. 

09 

•  

DIO 
Is • 

w.  
R48 

H21 

D,8 

DIFFERENTIAL 
AMPL 

2N335 

22 
,or R23 R28 R29 

OUTPUT POLARITY   
REVERSE  

o-re 

C4 

DIODES 
01TO 0,2:IN1709 

12 

D 
1N457 

41 R3i., 

SHUNT 
2 REG 

2N1719 

lO 

AMPL 

2N33I 
04 

R14 

R13 

1N758A 

R25 

AMPL • 
2N1I8A 

D14 D15 
1N965B IN758A 

Ri2 

1N827A 

DIFFER-
ENTIAL 5 R26 
AMPL " 

  08 

D16 

5 MATCHED 
PAIRS 

2N335 

R15 
R,6 R17 

REFERENCE OUTPUT IN 0 5-V STEPS—Eight 

command signals combined in a binary man-

ner provide stable reference output voltage 

from 63.5 y to 63.5 y in 0.5-v steps, with 

39 

18 

R38 

2 

83 

4 

5 

9 

R 
SEEVNESRINSGE  

Î K8 

OUTPUT 

OUTPUT 

I2V 

POLARITY 
COMMAND 

32V 
COMMAND 

16 V 
COMMAND 

8V 
COMMAND 

4V 
COMMAND 

2V 
COMMAND 

IV 
COMMAND 

0.5V 
COMMAND 

COMMAND 
RETURN 

regulation of 0.05% for 5% change in input crements.—M. Beebe and J. Miller, Reference 

voltage. System uses two independent d-c Supply Delivers Half-Volt Increments, Electron-

power supplies, one delivering fixed 20 y ics, 35:18, p 41-43. 

and the other from 20 to 83.5 y in 0.5-v in-
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18 
R120Ki 

CONNECT ON FOR ALL HEATERS  

PREFERRED 0.1% REGULATION 300-V D-C— 

Provides either polarity, for applications re-

quiring superior regulation and long-time 

stability. Minimum input is 340 y d-c, and 

minimum Esg is 150 v. Maximum load cur-

o  

E 

100-V D-C REGULATOR—Provides up to 400 4. 

mu at 100 y with 1% regulation for inputs 

of 101 to 150 It from unregulated source. 

Auxiliary source Ea must be minimum of 5 v. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 

Semiconductor Device Circuits, PSC 5, p 5-2. 

O 

Q 
2N 1358 

RI 4 

V5 
5751  

I7 
R 
47K 

V4 A   

C2 
0.1 

• o 

rent is 100 ma per series tube. C4 is mini-

mum of 4 mfd.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 5, p 5-2. 

D-C SWITCHED REGULATOR—Gives 0.5% regu-

lation for input voltage range from — 15% to 

+30%. Efficiency is 95%. Transistor is near-

ideal switch, having low leakage when open 

and low voltage when closed.—A. A. Soren-

son, Solid-State D-C Switched Regulators, Elec-

tronics, 33:48, p 121-123. 

02 
2N10 39 

2N526 

183151 

R4 04 05 
Z4 33K 2N396A N 396A 

IN315 

R8 

Z5 
IN141A 

RIO 
250—C3 

1PlI 
00»f 
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1N1692 ( 4) 
R5 
200 ( TYPICAL SELECTED VALUE) 

25-V D-C REGULATOR-Provides up to 1.5 

amp at 25 y with 1% regulation for inputs 

of 26 to 50 y from unregulated source. Aux-
iliary source Ea must be minimum of 5 v. 

-NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 
Semiconductor Device Circuits, PSC 3, p 3-2. 

REGULATED 
R3 6.3 V 
22 RMS 

E2 
-WU 

I8V, 20 AMPS 

HEATER VOLTAGE REGULATOR-Clipping 

action is combined with depression of flat-

top portion of output waveform in propor-

tion to input voltage change, to hold rms 

output voltage constant within 0.2% of volt-

age determined by value of R5.-J. D. Wells, 

Low-Cost Adjustable Regulator Consumes Lit-

tle Power, Electronics, 38:23, p 109-110. 

R4 04 j 05 
33K 2N396A 12N396A 

BRIDGE RECTIFIER 
DI 

M DA920 - 4 

A-C INPUT 
LINE VOLTAGE 
105V TO 125 V 

L_ 

I 

02 
1N3027 

+ C1 

F 

R4 

5.1K 

03 

1N985 

D4 
1N4001 

C2 

97 V 

T2 

OUTPUT LOAD 
VOLTAGE 
115 VOLTS 
+ 1 VOLT 

T1AT50 V 
104 F 

01 
MCR808-4 

1.1611 

fi 

Q2 

MCR808R-4 

TIA 30 TURNS OF AWG NO. 22 

T1E1 a TIC - 45 TURNS OF AWG NO. 22 71 CORE - FERROXCUBE 203F181 - 3C, OR EQUIVALENT 

LINE VOLTAGE REGULATOR-Line voltage which in turn changes triggering of scr's to Wechsler, Scr's Regulate A-C Line Voltage, 

controls frequency of relaxation oscillator 03, keep load voltage essentially constant.-P. Electronics, 38:3, p 61-62. 
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PREFERRED 150-V D-C REGULATOR—Provides 

either polarity of output with 1% regula-

tion, from minimum of 190 y d-c input. Max-

imum load current is 100 ma per series 

tube. C4 is minimum of 4 mfd.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 4, p 4-2. 

200 VDC 
SUPPLY 

D3 GE 
4JZ4X13.2 

D3 

25V 3W 
ZENER 

50-V D-C REGULATOR—Provides up to 750 

ma at 50 y with 1% regulation for inputs 
of 59 to 100 y from unregulated source. 

Auxiliary source Ea must be minimum of 5 v. 

—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. II, 
Semiconductor Device Circuits, PSC 4, p 4-2. 

Tie  

1 2 

o. 

R4 
IK 

6 3V R5 

gl 
R6 
613K 

4. 

E0 

:CONNECTION FOR ALL HEATERS 

02 GE y 

tN540 

DI GE 
1R540 

R13 
9IK 

RI4 
10K 

1R12 27K 
300K  

RI6 

220K 

200-V D-C TO 24-V D-C REGULATED POWER 

SUPPLY—Gate turnoff and silicon power tran-

sistor together provide switching and regulat-

ing action efficiently at high frequency for 

d-c/d-c stepdown transformer applications.— 

D. R. Grafham, Now the Gate Turnoff Switch 

Speeds Up D-C Switching, Electronics, 37:12, 

p 64-71. 

2N656A 

C2 + 24VDC 
50 AT REGULATED 
50 VDC T OUTPUT  

Ei 

O  

01 
2NI358 

RI 
2.7K 

2 

02 
2NI039 

R 2. 
I5K: 

R2I 
5IK 

C4 

R22 
5K 

R23 
39K 

Z3 
111315 

Z4 
1113157 

03 
2N526 

04 
2N396A 

R8 

2N396A 

El 

X 
 o 

En 

E 0 

150µf 

o 
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0.2 

FROM 
FtLTER 
o  

E 

R4 
6080 WA 

470 R6 

33 
VI 

470 
5654/6AK5W 

R8 

33 
V2 

o • 
FROM CT 
OF TRANSFORMER 

+ INPUT 

EQUAL POSITIVE AND NEGATIVE VOLTAGES 

-Single supply provides equal and opposite 

output voltages at desired value between 5 

and 25 v, at up to 100 ma, for input volt-

ages from 10 to 50 v. R1 balances output 

voltage, while R2 is adjusted to give good 

tracking of output voltage.-T. P. Sylvan, 

Regulator Makes Two Power Supplies Out of 

One, EEE, 14:5, p 117. 

-OUTPUT - rNP..)1 

 c, PREFERRED 150-V D-C REGULATOR-Provides 

1% output voltage regulation under nor-

mal line and load variations of military 

v3 equipment. Minimum value of C3 is 2 mfd. 

C3— Value of R12 depends on reference voltage 

Er, which should be minimum of - 300 y d-c. 

565IWA Two reference tubes, V3 and V4, are used 
in series so negative bias for V2 can be ob-

tained with grounded reference supply. Min-

imum input voltage is 200 y d-c.-NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. I, Elec-

° tron Tube Circuits, 1963, PC 2, p 2-2. 

TEMPERATURE-STABILIZED 1 TO 17 V-Shunt- cuit that serves as voltage reference. After 

type supply uses prestabilizer to control reaching equilibrium temperature in 5 hours, 

temperature controller and stabiilzing cir- overall drift over 15-hour period is only 36 

+ouTPuT 

FD7 < 500   
2N277 

microvolts pet hour at 6 y output. Ripple 

voltage is 0.1 my maximum peak-to-peak.-

E. Baldinger and W. Czaja, Designing Highly 

Stable Transistor Power Supplies, Electronics, 

32:39, p 70-73. 
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—I LOAD 

UJT-SCR REGULATED A-C SUPPLY—Compon-

ent values shown give optimum regulation 

at 25 y rms output, with less than 0.1 

variation for change in line voltage from 115 

to 100 v. For wider range of output volt- ° 

age than 10 to 30 v, R1 and R4 can be 
I I5V 

ganged pot.—"Transistor Manual," Seventh 60 CPS 
Edition, General Electric Co., 1964, p 334. 

VI 
6098/ 
6AR6WA 

RI 

100 

R2 

100 

V2   
6098/ 
6AR6WA 

R3 
E¡ 330K 

6.3V 
R4 
47K 

R5 
68K 

R6 

25 

R7 

470 

R8 

470 

R9 

25 

1÷ 
Esg 

RI4 
22K 

SPRAGUE 
312286 

• 

INI695 R4 

R3 IK 

3.31k 
5V1 

VBB 

1 

RI 
50K 

CI 
0.20 

INI695 

INI695 

IN1695 

10-KV R-F OSCILLATOR-TYPE CRT SUPPLY— 

Associated regulator controls oscillator out-

put. Considered less desirable than a-f oscil-

lator supplies, which have no r-f radiation 

problem.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p 

N14-3. 

Unless otherwise stated: 

R in ohms, L in kih ; 

C > 1 in pf ; C<Iinial. 

CI 
150 

E0 

RI 
82K 

RI6 
68K 

RIO 

IK 

V3A 
V3 

5751 V38 

P12 
100K 

CONNECTION FOR ALL HEATERS 

PREFERRED 0.1% REGULATION 250-V D-C— imum input is 290 y d-c, and minimum Esg is "Handbook Preferred Circuits Navy Aero-

Provides either polarity, for applications re- 150 y d-c. Maximum output is 100 ma per nautical Electronic Equipment," Vol. I, Elec-
quiring superior regulation and stability. Min- series tube. C4 is minimum of 4 mtd.—NBS, tron Tube Circuits, 1963, PC 0, p 0-2. 

R15 

V5 
  5751  
v5A V513 

RI7 

47K 

C3 
0 25^ 

R113 R2o 
330K 330h 

—C2 
0.1 

R2I 
50K 

R22 
5K 

C4 

o 
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IA 

2242 
2W 

5001f 
50V 7. 
(2) 

RI 
22.11 
2W 

2N2197 

12-V D-C REGULATOR—Provides up to 3 

amp at 12 y with I% regulation for inputs 

of 13 to 50 y from unregulated source. Aux-

iliary source Ea must be minimum of 5 v.— 

NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. 

Semiconductor Device Circuits, PSC 2, p 2-4. 

117V A- C ,1N1124A 

01 

Li 

7-

2.2K 

  700 OHMS, 30 MA , 30 HY 
e_rNevyN__.  

1,000 "JF 1,000» , 
50V 15 V 

• 

PRECISION 12-V 200-MA SUPPLY— Regula-

tion is less than 0.001% for 10% change in 

line voltage. Sharp current limiting at 300 

ma is provided by RI and D3. Darlington 

connection for series regulator gives current 

gain of 10,000 at 100 ma, so normal varia-

tion of reference amplifier collector current is 

only 10 microamp over full range of output 

current.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 232. 

2N508A 

1N1769 

1,000,u F 

— 15 V 

FEEDBACK CHOKE CUTS RIPPLE— Choke LI, load through Darlington amplifier 02-03. load current.—..I. T. Quatse, Feedback Choke 

placed in feedback path from QI to 02, Choke acts as if it were in series with load Reduces Power Supply Ripple, Electronics, 
holds down ripple in current supplied to even though carrying only a fraction of 39:13, p 74. 
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a c 

nput 

I R20 

NEGATIVE-OUTPUT 250-V REGULATOR—Oper-

ation is comparable to corresponding posi-

tive-output circuit.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-5. 

D 

Multivibrator 
L supply 

Resistors* 
R„ 

R1 

R2, Rg 

Rg 

R5 

R6 
R7 

_ 

Kilohms 

4.7 

1.8 

3.3 

3.0 

1.0 

470 ohms 

2.2 

Unregulated supply  —1 

d-c controlled multivibrator 

Resistors* Kilohms 
Rg, R9 10 

R10, R11 2.2 

R12 4.7 
R13 47 

R14 

R16 

R16 

680 ohms 

2.0 

680 ohms 

100-W SWITCHING REGULATOR—Chief ad-
vantage of switching-mode regulator is rela-

tively low power dissipated in series regu-

Resistors* 
R17 

R1g 

R19 
E20 

R21 

270 

FROM 

CENTER TAR 

2.2K 

23K 

NEGATIVE-OUTPUT 150 AND 300-V REGU-

LATOR—Operation is comparable to corres-

ponding positive-output circuit.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N2-5. 

Series switch 

1 „ „ D4 Q9 

R,9 

I ——. 

Parts List 
Kilohms 

270 ohms 

110 ohms, 20 watts 

33 ohms 

200 ohms, 10 watts 

82 ohms, 2 watts 

r 

Transistors 

Ql, Q2, Q3, Qg 2N1304 

Qs, Q6 2N1305 
Q7 2N1302 

Q0 2N1720 

Q9 2N1907 

lating transistor. Circuit provides 20 y d-c 
output, constant within 0.2 v, for loads up to 
5 amp. Input 60-cps voltage may vary 10 

above and below 40 v. Operating tempera-

ture range is —25 to +50"C. Driver transis-

R2 

Filter 

r 

1 

R13 

Driver 

I I 
I I 

I 
I 

R 16 

r - - 

D 1 

Reference L — — — 

Capacitors uf 

Cp 0.02 

C2 0.001 
C3 1,000 

Inductor 

L1 10 mh 

R18 

(28 

Diodes and 
rectifiers 

D1 1N751 

D2 1N2499 

D3 1N2069 

Dg 1N1581 

D5 XR-78 

3 

tors Q7 and Q8 operate as switches that are 
saturated when driven with positive pulses 

from mvbr.—Texas Instruments Inc., "Tran-

sistor Circuit Design," McGraw-Hill, N.Y., 

1963, p 468. 
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*----o 

117 V 
60Hz 

180II 

118A 

G.E. 7A32 
OR 

2N2I08+ 
DELTA 207 
NEAT SINK 

+ I8V 
IN2071 ( 4) R39 

DIO I50f1 IW 

D1 i 

24V 
P.L. 

REFERENCE-AMPLIFIER 12-V REGULATED 

SUPPLY—Uses integrated device consisting of 

zener diode and npn transistor in single 

pellet, to serve dual function of voltage ref-

erence element and error voltage amplifier. 

Provides up to 100 ma. 180-ohm series re-

sistor provides short-circuit protection by 

limiting output current to less than 200 ma. 

Output regulation is better than 0.3% for 

line voltage variations of 10%.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 231. 

- C39 D14 * 
5000 IN30228 
25V 

DUT POWER 
SUPPLY SWITCH 

4-12V 
  TO TEST 

+I2V 

*SELECTED FOR DESIRED 
VOLTAGE % 

- 18V 

D12 
R40 

411. 0 C.32 
500 r"'"' IN30228 

CIRCUITRY 

TO DUT 
SOCKETS 

-I2V 

25V 

 » TO TEST 
CIRCUITRY 

-12V 

TO DUT 
SOCKETS 

SIMPLE 5-VOLTAGE SUPPLY—Provides —6 y integrated-circuit tester and for integrated secondary operates at 12 y to extend life.— 

and both positive and negative 12 and 18 y circuits under test. Transformer has center- J. N. Giles, How to Measure Linear-IC Per-

outputs, each regulated by zeners, for linear tapped 24-v secondary. Lamp across half of formance, EEE, 14:8, p 62-68 and 161. 

L1. 4.47H 
R.6 OHMS 

ELECTRONIC 
TIMER 

BOOSTER 
AMPL 

1MEG 

-20KV 

5949 
1907 

50 

2.2 

V 

e 
2k 150 2K 

575 

RELAY 
CON T. 

IMEG 

INDUCTIVE STORAGE CIRCUIT 

5949 
1907 

VACUUM 
SWITCH 

C 
CURRENT 
SUPPLY 

K. X 1,000 

20007(41 
100 120K 

§ 40K 

.-2KV 

1.1 10 

3 - 
I3K 

500V 

4MEG : 

25K 

140K 

4-65A 

T  
SHUNT VOLTAGE REGULATOR 

500V 

150K 

300V 

TO 
A- F 
TRANS-
FORMER 

1=1 
1=1 

LIGHTNING 
ARRESTOR 

20,000-V INDUCTIVE-STORAGE SUPPLY—Con- high voltage is needed, V2 is fired to de- with Li draws current to maintain constant 

sists of shunt-regulated electronically switched ionize V1. Cathode capacitor of V2 is then output voltage.—R. L. Gamblin, Ohmic Heating 

inductive energy storage system in which coil charged to 20,000 y by coil current, at which Circuits for Plasma Physics, Electronics, 32:41, 

1.1 is charged through vacuum switch. When time electronic feedback regulator in shunt p 57-59. 
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0-10 V TWO-ZENER—Simple arrangement 

provides source of well-regulated adjustable 

voltage. First zener diode tends to act as 

pre- regulator, improving dynamic regulation. 

—"Zener Diode Handbook' International 

Rectifier Corp., 1960, p 54. 

02 /IF 

2N2905 

UNREGULATED 
OUTPUT 

1K 
1K 

2N2219Air\ 

2N2219A 

1N957A 560 

o  

+ R4 
330K 

E¡ 

o  

Y 

E 420 

o  

Rs 

M21'. M24.7 

0-10 VOLTS 
REGULATED 

FERROX CUBE 
POT CORE 
/ 3622P-3E 

15T/ 100µ11 

100T 

1N3800 

2000 pf 4000 pf 

50V — 50V REGULATED 
OUTPUT 

RI VI 
470 6080WA 

R5 
68K I + 

E0 
R6 — 
47K 

R7 
33 

o 

BLOCKING-OSCILLATOR SWITCHING VOLT-

AGE REGULATOR—Efficiency is improved 

greatly by having current of 2N3791 tran-

sistor flow through load. Differential-ampli-

fier voltoge-sensing arrangement controls ac-

tion of oscillator to maintain constant out-

put voltage. Will regulate 24-v output to 

within 1% over load range of 100 ma to 2 

amp. Oscillator frequency is 6 kc.—H. Weber, 

"Two Unique Switching Voltage Regulators 

Using Blocking Oscillators," Motorola Appli-

cation Note AN-163, Aug. 1965. 

4R.172MS:R151K3 9IK: 

_C2 
4700 

PREFERRED 300-V D-C REGULATOR—Provides 

either polarity of output with 1% regula-

tion, from minimum of 350 y d-c input Max-

mum rmtput current is 125 ma tor single 

series tube section and 100 ma per triode 

RI5 RI6 
.417.K 

C3 
0.1 

RI4 
15K I V3 

565IWA. 

C4 C5_ 

:RIE3 
.50K 

E0 

RI9 
s 5K 

¡R20 
r18K 

. o 
section when two or more are paralleled. 

Minimum value of C5 is 4 mfd — NBS, " Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Fl.rtron Tube 

Circuits, 1963, PC 3, p 3-2. 
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SHUNT REGULATOR— Used when output volt-

age must be higher than tener voltage. Rip-

ple us less than 10 my when regulator is 

supplied by full-wave rectifier having 20 mfd 

capacitance.—"Zener Diode Handbook," In-

ternational Rectifier Corp., 1960, p 55. 

150 AND 300 V SERIES-TUBE REGULATOR— 

Uses simple triode as regulator amplifier. 

Series tube for 300-v supply is conventional 

triode-connected pentode, but series tube 

that regulates 150 y has its screen fed from 

0/ 

2N2907A 
05 
2N2642 R14 

4,220 

2N2907A 

R3 

160 K 

Cu I R6 
12.1K 

8-V VOLTAGE REGULATOR—Output voltage 
is held within 0.1% despite 5-v variations in 

output of 300-v regulated supply, for pen-

tode operation.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

p N2-11. 

2N2586 

R5 

>6,190 

R20 

30 

04 
2N2222 

20 + 5V0C 

R12 
3,160 

20-v input to regulator that itself consumes 

only 1.5 ma. Differential amplifier Q5 acts 

THERMOCOUPLE VACUUM-GAGE HEATER— 

Simple regulator for 240-v d-c supply pro-

vides 140 ma with 0.1% regulation. Uses 

regulator triode, pentode-connected d-c am-

plifier, and series- connected reference regu-

lator tube.—W. V. Loebenstein, Regulated 

Power Supply for Instruments, Electronics, 

33.48, p 132. 

Nalat) 

SHUNT REGULATOR—Used when output can 

be less than tener voltage.—"Zener Diode 

Handbook," International Rectifier Corp., 

1960, p 55. 

R11 R13 
10 K 31.6K 

  Q6 

2N2907A 

R16 

51.1K 

N17 C3 
5K 15 

R18 

7,500 

—8.000V 

as voltage comparator, with tener diode D3 

as reference.—A. Dargis, A High Performance 

Voltage Regulator, Electronics, 37:13, p 75. 
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DARLINGTON-CONNECTED SERIES REGULA 

TOR—Designed for output currents up to 2 

amp average or 3.5 amp peak. Output volt-

age can be adjusted from 45 to 65 y by R7. 

Ripple is less than 1 my rms at no load, in-

creasing to 60 my peak-to-peak at 2 amp. 

Regulation is 2.1% at 2 amp and 0.72% at 

1 amp.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 228. 

O  
• 

0  

01 
2N1358 

02 
2NI039 

RI 
390 

R2. 
1.961 

RI VI 

470 6080WA 
R7 
33 

4- R4 
330K 

Ei 

o 

X Y 

R3 R9 
 &AA V V V 
100K 

CI 
150 

X 

R8 
33 

03 
2N526 

R3 
26.1 

R4 
25 

R5 
196 

VAC 

:R6 
IK 

j 

TRIAD 
N- 471A 
2: 

Z I 
1P1747A 

R13 

R7 

R9 
22 

22 
16751A 

CI, 

XXImi 

 o 

E 

Unless otherwise stated: 

Rin ohms; L inkih; 

C > I in pf; 

100K 

RIO Ril R12 
1p4 IPA 15M 

V2 
V2A 5751 V2B 

R5 
47K 

Eo 
R6 - 
68K 

RI3 R17 
15 K 68K 

RIS RI6 
47 

X Y 

1C2 
C3 

=0.1 

'R14 
4700 : 18K V3 

565IWA 

PREFERRED 250 V D-C REGULATOR—Provides 

either polarity of output with 1% regula-

tion, from minimum of 300 y d-c. C5 is mini-

mum of 4 mfd.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 7, p 7-2. 

-1µf 

C5 

:R18 
▪ 40K 

:RI9 
rSK 

:R20 
›IE1K 

 O 
o 

E,D 

 O 

01 
64V(NO LOAD) 2NI970 (DEL= 

72V RI 

REMOTE - SENSING 6-V REGULATOR—Used 

when small lead resistance between regula-

tor and load is physically impossible. Volt-

age Eo' is essentially voltage that appears 

directly across load. Differential amplifier 

senses and corrects for changes in this volt-

age rather than for changes in Eo at regu-

lator output terminals.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. Il, Semiconductor Device 

Circuits, PSC 1, p 1-11. 

6X6L6 

E, 

262v 

I52V 
REG. 

IK 

75 

5687 

33K 

K 

• 

152-V PENTODE SERIES-TUBE REGULATOR— 

Has excellent frequency response, but this 

performance could alto be obtained if cath-

ode follower were amplifier using negative 

feedback for frequency compensation, along 

with better regulation and lower d-c resis-

tance.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p 

N2-11. 



608 SOURCEBOOIC OF ELECTRONIC CIRCUITS 

POSITIVE-REFERENCE REGULATOR-Has self-

contained 150-v positive reference potential 

for pentode regulator, but gives only mar-

ginal operation.-NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 
p N2-4. 

A-C INPUT 

FROM FILTER 
o  

+ 
E1 

I R FROM CT OF 27K 

TRANSFORMERT 
+ 

Er 

R4 

R5 VI 
080 WA 

I I I I 
R7 
33 

PREFERRED -I-150-V D-C REGULATOR-Pro-

vides 1% output voltage regulation under 

normal line and load variations of military 

equipment. Minimum value of C3 is 2 mfd. 

Value of R4 depends on reference voltage 

BRIDGE DI THRU D4 IS GI-W04 

SCR FIRING-ANGLE CONTROL-Uni junction 

transistor trigger circuit fires scr at specific 

time in each half-cycle of a-c input to keep 

 I 

V3 
5651 WA 

RBI  33 

POSITIVE-REFERENCE REGULATOR-Has self-

contained 150-v positive reference potential 
for pentode regulator, but gives only margi-
nal operation.-NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-
ment," Vol. 1, Electron Tube Circuits, 1963, 

p N2-4. 

CI 
0.1 

C2 
— 0.1 

RIO 
I.2M I 

C3 

RI' I 
100K 

RI2 
620K 

Er, which should be minimum of - 150 y d-c. 
Minimum input voltage is 200 I, d-c.-NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. I, Elec-

tron Tube Circuits, 1963, PC 1, p 1-2. 

R2 
82K 

R1 

10K 

F13 

51K 

average load voltage constant over line volt-

age range of 100 to 200 y a.c.-R. S. Kroch-

mal and W. Weber, Controlling SCR Firing 
Angle Regulates D-C Load Voltage, Electron-

ics, 38:16, p 80-81. 
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2N3716 

•  
5 pf 100 

10 
1N3880 

2N2192 

30K 
UNREGULATED 

OUTPUT 

10K 

15q 

292905* 

MR1337.2 

3.311 

1001 noopf — 
soy T 

FERROX CURE 
+ POT CORE 3622P.3E 
0- 

2000 pf 
Tsciv 

INVERTED-OUTPUT SWITCHING REGULATOR— TI — 
Simple 6-kc blocking oscillator circuit serves 

both for sensing and duty cycle control. Ar-

rangement is more efficient than conventional 

series- pass regulators. Inverted polarity is 

added feature. Will regulate 20-v output 

within 1% overload range of 50 ma to 1 amp. 

—H. Webee, "Two Unique Switching Voltage 

Regulators Using Blocking Oscillators," Mot-

orola Application Note AN- 163, Aug. 1965. 

TRUE TWIN-TRIODE CASCODE—Use of 5-mfd 

capacitor across regulated output reduces ad-

verse effect of 2.2-meg plate load resistor 

on frequency response. Cascode circuit is 

used when required gain is too high for sin-

gle triode, because it avoids need for second 

d-c supply that would be required for screen 

if pentode were used —NOS, "Handbook Pre-

ferred Circuits Navy Aeiuna.ricol Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-2. 

 —0 

REGULATED 
OUTPUT 

 O 

MODIFIED TWIN-TRIODE CASCODE—Plate re-

sistor for lower-potential triode parallels top 

triode, which is plate load for true cascade. 

This increases gain of circuit by increasing 

average plate current and thereby transcon-

ductance of bottom triode.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-2. 

BASIC SERIES-PASS REGULATOR—Output volt-

age is regulated by 2N3715 series-pass sili-

con power transistor having rise and fall 

times below 0.5 microsec at 5 amp. Transis-

tor has wide safe-area range, but circuit 

otherwise has no overload protection.—J. 

Takesuye and H. Weber, "Silicon Power Tran-

sistors Provide New Solutions to Voltage Con-

trol Problems," Motorola Application Note 

AN- 163, Aug. 1965. 

300 

V source 
12.5V to 14.7V 

2N554 

IN462 

500 

10n 
@ 25°C 

LOW-COST VOLTAGE REGULATOR—Costs 5 to 

7 times less than zener regulator having 

sanie powee ruling. Can be set at precise 

voltage value required, whereas zener has 

5 or 10% tolerance. Uses I N462 silicon diode 

for reference. Total cost ( in quantity) is less 

than two dollars. Thermistor makes circuit 

perform from 55 to 71 C. Input voltage 

source is sea-water-activated battery.—M. E. 

Gavin, Low Cost Transistor Voltage Regulator, 

CEE, 10:8, p 28-29. 

V out 
6.3V 
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CORE 
IF31-3C5 
f%61(Hz 
OUTPUT 

BATTERY VOLTAGE REGULATOR—Used in bat-

tery-powered instruments to compensate for 

wide range of battery voltages. Converter 

serves to provide required variety of operat-

ing voltages and isolate equipment from sup-

ply. Will hold output within 0.5 y of 16 v 

for input range of 11.5 to 19 v.—C. D. Lind-

say, Combined Battery Converter-Regulator 

Power Source, EEE, 14:3, p 61. 

117 
VAC 

HERMETICALLY SEALED 

14-KV 400-CPS CRT SUPPLY—Used to power 

special-purpose dark-trace tube. Triode in 

parallel with output provides voltage regu-

lation to overcome effects of changing line 

voltage, improve output ripple, and improve 

output impedance characteristics.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N14-1. 

BASIC SERIES REGULATOR—Provides voltage 

regulation within 2% at 400 ma, with peak-

to-peak output ripple below 0.3 v. Output 

24 VOLTS 
D-C POWER 
SUPPLY 

R 4 
22K 

VOLTAGE SPLITTER-REGULATOR—P ro v ides 

regulated + 12 and — 12 y from 24-v supply. 

01 
2N2197 
OR 

2N2108 

impedance is less than 2 ohms from d-c to 

20 cps.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 227. 

+12 VOLTS 

—12 VOLTS 
Negative feedback loop permits circuit to voltages more than 10 mv.—.1. M. Kasson, 

furnish unbalanced currents up to 700 ma in Voltage Splitter Balances Floating Power 

either direction without changing output Supply, Electronics, 39:6, p 96. 



REGULATED POWER SUPPLY CIRCUITS 611 

8+ 

150V 

R1 

THYRATRON REGULATOR—Output of 12 to 

16 y is regulated within 1% for loads of 

6 to 22 ma. Since 2D21 can handle 100 ma 
continuously, circuit is easily modified to 

regulate higher current values.—W. D. Fryer, 

Thyratron Regulates Supply, Electronics, 31: 
25, p 88. 

01 
2N2925 

VIN 

(6V) 

1 

VOUT 
(3V) 

if 
SERIES REGULATION at 3 V—Combination of 

backward diode and resistor network serves 
as reference for regulated outputs below 6 v, 

for which temperature-compensated zener 
diodes are not available. Provides input reg-

ulation of 100:1 over 10% change in input 

voltage, with output impedance of 0.04 ohm. 

—T. P. Sylvan, Backward-Diode Power-Supply 

Reference Elements, FEE, 13:11, p 46-48. 

FROM 
FILTER 

330 

1.2M 

›:1001( 

-100v 
FROM RECTIFIERS 
THROUGH RESISTORS 

150-V REGULATOR WITH EXTERNAL REFER-

ENCE—Permits wider supply voltage range 

and better operation than arrangements 

using self-contained reference.—NBS, "Hand-

book Pi efeiied Cii wife Miry Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N2-4. 

r. 

ZERO-IMPEDANCE VOLTAGE REGULATOR— 

Uses two transistors and controlled positive 

feedback along with temperature compensa-
tion to reduce output resistance to zero while 

holding output voltage constant. Also gives 

some current overload protection. Values 

shown provide 1 amp at 9 v.—G. Duggan, 

Zero Impedance Voltage Regulator, FEE, 11:5, 
p 91-92. 

+550VIŒll 

PENTODE REGULATOR—Reference tube is in 

cathode circuit of 6AK5, and plate load of 

pentode is high (1 meg), resulting in poor 

frequency response.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-2. 

TWIN-TRIODE CASCADE—Has self-contained 

reference voltage, and does not load ref-

erence tube. Is theoretically capable of high-

est possible gain obtainable with single-

envelope d-c amplifiers.—NBS, "Handbook 
Preferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-3. 
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BALANCED OUTPUT 

BALANCED-OUTPUT PENTODE TWIN-TRIODE 

—Arrangement gives high gain, approach-

ing 10,000, along with more ripple reduc-

tion than is generally required.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N2-4. 

2N2I97 
ON HEAT SINK 

R2 

NI692 
(4) 

CURRENT-LIMITING SUPPLY WITH REFERENCE 

AMPLIFIER—Variable 8 to 25-v supply limits 

output to 100 ma for protection against 

short-circuits. Regulation is 0.02% for line 

voltages from 105 to 130 v.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 232. 

NES 806 
TRANSFORMER Cr 115V/400 CPS 

INI131 

1N484 

D 2 

IN484 

NES 685 
CHOKE 

— 0.03 — 

NES 686 
CHOKE 

25 -

40K 

SVI28 

SVI34 
De 

320 V AT 60 MA—Silicon diodes in ful -wave 

bridge feed seven-transistor regulator. Tem-

perature-compensated silicon-junction zener 

IN430A 
(8.4V) 

2N114 

MNI3C 
01 

4 

FROW 
FILTER 

TWIN-TRIODE CASCADE—Smaller load resis-

tor improves frequency response. Both ref-

erence tube and comparison divider are 

loaded.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p N2-3. 

4z 6L6GA 
Is 

+130V RC& 

+300V RE' 

ika 

525 K 

25K 

300K 

-300V RCS 

0.01 300K REIMIIRIVCE VOLTAK 

PENTODE WITH CONSTANT REFERENCE CUR-

RENT—Screen is fed directly from regulated 

voltage of shunt-regulating supply using VR-

105 and VR-150 reference tubes to give 

-300 v.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, p N2-2. 

65)C7 

(5.2V) 

DIO 
65IC7 I  653C9 
(5.2V) 

2K 

 • 

diode is basic reference element. Output is 

constant within 50 mv, for use with digital-

analog converter.—N. Aron, Precise Con-

>I.6K 

653C9 
DI3 

— 0.022 

2N43A 

DI4 

GA52935(2) 
D15 

T- 0.04 

1 • 

2N341 

71970 

eo 320V, ' 
D— C' 

REGULATED 
130K 

30.5K1 

500: 

verter takes Current Analog of Digital Volt-

age Pulses, Electronics, 35:32, p 68-71. 
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r.5 

267-00 
12653 

267-00 
12653 

L1 

0.01 1  
47M 

L 2 

— 40,000 

Ot 

MP1549 

R1 

2 

01 

01 01 
MPI549j MP1549 

RI RI 
2 2 

47 

02 
2N627 

03 
2N627 

C2 
90,000-

5.5 - 6.5 VOLT 
SENSING 
CIRCUIT 

6 V at 20 A-Constant-voltage ferrores- driven by error signal from zener-reference Electronics, 34:20, p 99-101. 

onant transformer with full-wave silicon rec- sensing circuit.-J. T. Keefe, Transformer and 

tifiers is supplemented by shunt transistors Shunt Transistors Regulate D-C Power Supply, 

FROM 

CENTER TAP 

6/.0 
NEGATIVE-OUTPUT 152-V REGULATOR-Oper-

ation is comparable to corresponding posi-

tive-output circuit.-NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-5. 

NEGATIVE-OUTPUT 300-V REGULATOR-Op-

eration is comparable to corresponding posi-

tive-output circuit.-NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-5. 

+27 V PRECISION REGULATED SUPPLY 

1N944A 

R1 

2K 1% 
R2 
30K 
 &AA 

---"nn•--• 1N 4148 
R4 SILICON 
1100 STEERING 

y DIODES y 

DUAL- CHIP ERROR 
AMPLIFIER INPUT 

R3 
68K R5 

100 K l 5K 

e 

Re 
T16447 
SENSISTOR 

7., 10 K 

R6 

16.9K 1% 

R7 

R7, Ri2:WIRE-WOUND 
RESISTORS 

R.10 

2K 
STABLE 

R9 

' 2600 
STABLE 

R11 
22K 

R12 

20K 

27V 
SET 

TEMPERATURE-COMPENSATED ZENER-Refer- fier. Unique end-compensation circuit using tem Shrinks High-Voltage Protection Device, 

ence voltage is compared to 27-v output by sensistor generates voltage that rises with Electronics, j8:11, p 71-75. 

dual-chip transistor serving as error ampli- temperature.-C. H. Moulton, Light Pulse Sys-
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BALANCED-INPUT PENTODE TWIN-TRIODE— 

Balanced input stage reduces effects of tube 

aging and heater voltage change. Plate 

load of 16,500 ohms on output pentode con-

tributes to excellent frequency response. 

Neither reference tube nor compaiison volt-

age divider are loaded. Gives outstanding 

over-all performance.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

PENTODE WITH RIPPLE SUPPRESSION—Screen 

is fed jointly from regulated and unregulated 

sides of supply, to reduce ripple. Plate 

load is low ( 100,000 ohms), providing good 

frequency response but increasing current 

fluctuations in VR-105.—NBS, "Handbook Pre-

1 
2JV 
IA 

IN3639 ( 4) 

DARLINGTON-TRANSISTOR SERIES REGULA-

TOR—Integrated transistor and zener diode 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-4. 

VOLTAGE-TUNABLE MAGNETRON FILAMENT 

SUPPLY—Voltage drop across 1-ohm resistor, 

proportional to output current, is compared 

with fixed reference and held constant by 

series pass element.— S. Prigozy, Designing 

Special Power Supplies for Voltage-Tunable 

Oscillators, Electronics, 35:44, p 48-50. 

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N2-2. 

20V 

o 

SIMPLE SERIES REGULATOR—Satisfactory for 

power supplies that are not subjected to 

shorted, capacitive, or suddenly increased 

loads. Any capacitance Cl at load must be 

charged through 02, so entire supply voltage 

appears across 02 before Cl starts charg-

ing. If initial charging current exceeds limits 

of 02, it will be damaged immediately or 

become unstable.— H. D. Ervin, Transistor Pow-

er Supply has Overload Protection, Electron-

ics, 31:25, p 74-75. 

+10V 

IK 
4 DECADE 
VOLTAGE 
DIVIDER 

REFERENCE AMPLIFIER TESTS POWER SUPPLY 

STABILITY— Integrated transistor and zener 

diode serve as reference amplifier for testing 

effects of temperature on output voltage. 

After amplifier is heated or cooled, voltage 

divider is adjusted to restore initial collector 

current, and change in reference voltage is 

read from voltage divider scale to within 

1 mv.—T. P. Sylvan, New Device Simplifies 

Power Supply Design, Electronics, 36:20, p 

39-43. 

4.7 K 

in reference amplifier act with 2N2795 Darl-

ington transistor to hold 50-ma output to 

within less than 0.001% of 12 y over 10% 

›,› I.5K 

500 

2.2K 

25 

•  

variation in a-c line voltage.—T. P. Sylvan, 

New Device Simplifies Power Supply Design, 

Electronics, 36.20, p 39-43. 



CHAPTER 73 

Remote Control Circuits 

TRANSMITTER CONTROL FOR DRONE-Pulse 

repetition rate and pulse symmetry control 

servos that drive rudder and elevator. Pulses 

modulate transmitter carrier, which is picked 

up and detected by superregenerative re-

ceiver in target drone.-G. B. Herzog, Tran-

sistors Simplify Control of Target Drone, Elec-

tronics, 32:18, p 52-54. 

INPUT 

FIRST FIRST I-F AMPL (55MC) 
MIXER 3 STAGES 

470pF 10 pF 

2pF 

+10V = -I0V - 

FREQ 
MULT 

(202.5 TO 405MC) 
1 pF 

470 S266G 
pF D5 

CRYSTAL 
CONTROLLED 

OSC 
(101.25MC) 

FREO 
MULT 

(101.25 TO 202.5MC 

2N700 
Q5 

2 pF 

-I0V 

3.3K 

1,000 

1,450 10K 

0.001 

680 4.7K 

12pF 

3K 

+10V -10V 
-I0V 

460-MC F-M COMMAND RECEIVER-Transis-

torized double-conversion f-m superhet, tun-

able by crystal substitution in 457-462-Mr 

band, he...; sensiiiviiy fur 20 JL uf 

noise quieting. Camera start and timing 

-1 I/2V   

Cl 

0.25 

j  

Q2 
2NlO9 

TAKE-CFF • CRUISE 

150 

250 

DISC 

4.7K 

R1 FREQUENCY 

500 CONTROL 

4-1.5V 

SECOND SECOND I-F AMPL AND 
MIXER LIMITER 14.4MC) 5 STAGES 

2N3B4 
02 

3.3K 

-10V + 10V 

2N700 
06 

= +10V •- + 10V 

CRYSTAL 3.3K 
50.60 MC 

-I0V - +10V 

pulses are amplitude-modula cd onto 3.5 and 

12-kc carriers. After signal is detected, 

subcarriers are separated and pulses ore re-

cu.,1iluIed by decoder. Start pulses operate 

camera relays, and timing pulses flash neon 

CRYSTAL 
FREQUENCY 
- 101.000MC 
101.250 MC 
101.500MC 

2N384 
03 1N252 

2 

5.11( 1.8K 

-10V 

LOCAL 
OSC 

(50.6 MC) 

2N500 
07 

50 -* 

ZIN295 

2 SYMMETRY 

I K CONTROL 

13 112V 

To MOD 

Q5 

214109 

AUDIO 
AMPL 

-10V 

TO 
-I0V DECODER 

NOTE: 
CRYSTAL FREQUENCY 

TO BE SELECTED AS FOLLOWS: 

INPUT SIGNAL 
0.001 FREQUENCY 

4591.1C   
460MC  
461 MC   

K • X 1,000 

lamps.- F. M. Gardner and L. R. Hawn, Cam-

era Control System for Rocket Sled Tests, 

clect,onics, 33:14, p 63-65. 

615 
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2N232 
F- ANT. 

3K 

10pF 474 10pF 

2N232 2N232 

0.01— 4.7K 

113 
33µm.F IAG4 

10 I K 

•---)1(7.-1\AA7 

1 N295 +I3 0 

01 

2N109 

2N109 

DRONE RECEIVER—Signal from ground trans-

mitter is received by logarithmic mode (self-

quenching) superregenerative receiver. Clip-

per 02 limits signal to constant level. Com-

binations of prr and pulse symmetry alter 

2N23? 

E GHT-COMMAND RECEIVER—Transistorized 

superheterodyne with crystal-controlled local 

oscillator energizes eight-reed relay, with 

lOgH 

39K 

3.3K 47K 
200K 

062N109 

02 
2N109 03 

2N2I4 

+3V 

07 

2.4K 2N2I4 

2 N109 

STEP 
ACTUATOR 

17 
2N214 

'18 
2N301 

R3 150 
— 10K 1.5K 

2N109 

013 2N2I 4 

positions of rudder and elevator motors. 

Engine speed, transmitted by momentarily in-

terrupted modulation, acts on 017-018.— 

G. B. Herzog, Transistors Simplify Control of 

Target Drone, Electronics, 32:18, p 52-54. 

2N232 2N232 

TO 
CIRCUIT 
UNDER 
CONTROL 

each reed activating own transistor switch. 

Reeds are tuned to different frequencies be-

tween 250 and 500 cps.—R. A. Baker, Radio-

2N223 

; 8 
REEDS 

o  
RESONANT 
REED 
RELAY 

TO 
OTHER 

SWITCHES 

Controlled Tank for Realistic Combat Train-

ing, Electronics, 33:45, p 55-57. 
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LINE-CURRENT TV CONTROL RECEIVER—Can 

be considered as two separate receivers, one 

detecting unmodulated power-line carrier for 

channel selection, the other detecting both 

modulated and unmodulated carriers for 

sound-muting relay. Four individually tuned 

frequencies ( 52.5, 57.5, 67.5, and 73.5 kc) are 

selectable by switching additional capacitors 

across that for highest frequency.-1. R. 

Banker and C. H. Wood, Jr., Line Current 

Controls Remote Tv Receiver, Electronics, 

3133, p 68-69. 

CRYSTAL CR- 56/U 

CBSS 73.500MC 

IN37i6 

4150V 12011711 

47 

300 At,a F 
 IHO 
470A4itF 
• (-0 
9 l,st,zc F 

444a F 

THRES-
HOLD 2 
CONTROL MEG 

II7V 
A- C XI,000 

C3 
200pF 

Li CI C2 
I.3mH 3 5-40pF 

RI 
10 

12 v 

Parts List 

L2 
130 nH 

1000 
,44a 

t)OK 

RESONANT 
AT 

73.5MC 

ANTENNA LOADING 
R3 COIL 

75 

R2 
10 

Resistors Kilohms Watt 

R1 6.8 1/2 

R2 20 1/2 

R3, R4 100 1/2 

R5 6.8 1/2 

R6 47 1/2 

R7 4.7 1/2 

/28, R6 150 ohms 1/2 

R10 1 1/2 

R11 47 ohms 1/2 

Miscellaneous 

S1 Push-button switch (normally open) 

Y1 27.255-mc crystal 

27.255-MC CONTROL TRANSMITTER—Free. 

running multivibrator keys power amplifier 

04 at audio rate. Range is about 1 mile. 

+1.34V 

Capacitors 

C1, C2 

C3 

C4, C7, Cg, Cg 

Cg 

C61 C10 

Inductors 

41, L2 

.--SOUND 
12GH7A CONTROL 

2.2 
MEG 

- CHANNEL 
1213H7A CONTROL 

100 µIF ip.tG 

4 
C2. 

R3 
IMEG 

470K V3 

73.5-MC CRYSTAL-CONTROLLED TUNNEL-

DIODE TRANSMITTER—Self-modulated low-

power oscillator for remote-controlled toys, 

trains, and garage doors can also be voice-

modulated. Range is about 200 yards, and 

battery drain is 18 ma.—E. Gottlieb and J. 

Giorgis, Tunnel Diodes—Using Them as Sin-

usoidal Generators, Electronics, 36:24, p 

36-42. 

0.01-µf disk 

0.1-µf disk 

0.05-µf disk 

56-pf disk 

33-pf disk 

502 load 

50 mw 

output 

power 

Transistors 

Qi, Q2 2N1274 

Q3, Q4 TI 395 

Adjustable RF coil (J. W. Miller 

4403 or equivalent). Add 2 

turns of No. 24 enameled wire 

on cold end. 

L3 RF coil, 15 µh ( Delevan 1537-40 

or equivalent). 

C6 iones collector of oscillator to crystal he- Circuit Design," McGraw-Hill. 

quency.—Texas Instruments Inc., "Transistor 361. 

 1 

15K§ 

N.Y., 1963, p 
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I 5V 

+1.5V 

CI 

.0181 

Z• 26-10K 

01 

28651 

03 
28651 

02 
28651 

2 

2K 

reK 

04 
28651 

R, 

5.16 

C4 

150pf 
R, 

8200 

05 

8651 

0 45V 

OUTPUT 
to 

R9 

6450 

RIO 

24K 

RECTANGULAR WAVEFORM GENERATOR— 
Povides variable frequency and symmetry 

without interaction of functions. Supply volt-

age can be — 15 to — 45 v. Frequency range 

SWI 
PUSH TO SEND 

__1_ 75,0 

MERCURY I.34V 
CELL - 

i WHIP 
ANTENNA 

(SEE FIG 14.17) 

10-22 pf 

is variable from 60 cps to 7 kc. Can be used 

to modulate small transmitter for remote con-

trol purposes.—L. E. Spadt, Rectangular Wave-

form Generator, EEE, 10:6, p 33-34. 

TUNNEL DIODE OSCILLATOR 

UNIJUNCTION TONE OSCILLATOR 
1N3716 
(47MA) 

L I - 6 TURNS * 16 ( 1/2" LONG, 3/8" 1.D., TURNS SPACED 1/32") 
UJT-TD GARAGE-DOOR CONTROL TRANSMIT-

TER—Unijunction tone oscillator modulates 

27.255-Mc crystal-controlled tunnel-diode os-

cillator. Has adequate range for remote con-

trol of toys, window displays, garage doors, 

2N109 

470 
200 

1  
K. X 1,000 

1 15 15_ 

270K 

2N109 214109 

4 470 K 1.8K 70 1.8K 1.8 
200 200 

2N2840 UNIJUNCTION 

E 

.22 

etc. When voice-modulated, can be used for 

short-range communication, as in shopping 

centers and bowling alleys.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 355 

470K 

IOK 

27µH 

ANT. 

05 

2N247 

330 

COMMUTATING 

TCH 128T 

INPUT 
VIA 

828 

180 +180 

K 21,000 

e e 

0.5 

POWER IN 

POLARITY-SENSING ON-OFF CONTROL—Re-

mote switching circuits are sensitive to posi-

tive and negative inputs, thereby doubling 

number of control channels available from 

commutating switches of remote control sys-

tem for robot that performs jobs in danger-

ous radioactive areas. All functions requiring 

independent operation are connected to pos-

itive input circuits only.—D. A. Campbell, 

Multiplex Circuits for Control of a Robot, 
Electronics, 33:4, p 46-48. 

MILLER SUPERREGENERATIVE RECEIVER—Well-

known in model-control field for its reliabil-

ity. With self-quenching, optimum perform-

ance is obtained when receiver is in weak 

oscillatory state and incoming signal causes 
oscillation every third quench cycle. Provides 

large decrease in plate current when signal 

arrives.—S. J. Neshyba and F. E. Brooks, Jr., 

Stable Receiving Circuits for Remote Control, 

Electronics, 31:31, p 74-76. 

THREE-TONE H-F CONTROLS TRANSMITTER— 

Tone-modulated ground transmitter can be 

tone-modulated by three different tones, each 

corresponding to a particular reed of receiv-

ing relay and balloon. Consists of three 

stable audio oscillators (between 200 and 

500 cps) and low-power crystal-controlled 

transmitter in h-f band between 3 and 18 

Mc.—R. W. Frykman, Radio Command Set 

for High-Altitude Balloons, Electronics, 33:35, 

p 54-55. 
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+2V 

0.04 
+200V 

A 

40KC IN   

0,04 

0.004 

10K 
E 100K 

-I5V 

0.1 SEC < T < 0.5 SEC 
OUTPUT PULSE WIDTH INDEPENDENT OF 
INITIAL AMPLITUDE 

TIME-CONSTANT DETECTOR FOR TV CON-

TROL-Produces output pulse whose width is 

proportional to time constant of exponenti-

ally damped ultrasonic signal, in range of 

0.1 to 0.5 sec, independent of input ampli-

tude.- K. R. Cross and R. O. Whitaker, Time-

Constant Detectors Control Tv Sets, Electronics, 

32:36, p 62-67. 

COAX TUNED CIRCUIT-CAPACITY 
LOADED -I-4 A LINE SECTION 

50 
OHMS 

PRESELECTOR 

cD 

LINK COUPLING 

HARMONIC 
SELECTOR 

I 

*-1(  

\ 

10 pF 

 NA. )  
LOCAL COMMUTATING 

SWITCH 

K=X 1,000 
RELAYS : SIGMA 41 

45V 

SYNC 
MOT 

REMOTE COMMUTATING 
SWITCH 

] 
  SYNC 

MOT 

SYNCHRONISM SENSING 

115v 

60C-PS 

COMMUTATOR SYNCHRONIZER-Automatic 

synchronizing circuit consists of motor inter-

rupter and synchronism-sensing circuit. Com-

mutator drive motor at control transmitter is 

interrupted until it syncs with commutator 

drive motor in robot that performs jobs in 

TRIPLER 

N87A 

TRIPLER OSCILLATOR 
2N700 2NI225 

5 pF 

22K 

220 

100 

C207 
— 33 

IP F 

47K 

5pF 
I 5pF 

1 100 pF 

- 

dangerous radioactive areas. Each interrupt 

makes motor drop back 90 °, so that only up 

to three interruptions are required to achieve 

synchronism.- D. A. Campbell, Multiplex Cir-

cuits for Control of a Robot, Electronics, 33:4, 

p 46-48. 

PLUG a T— SOCKET j 
CONN- 1 
ECTIONS I 

«11 100 
<si  

2NI321 

IKj 

L 
< ,A 0.001 

8TH 

33p 

100 

I K 

IK2r IN751A 

3.3K 
K H  

 - 31 4-  

4 

5 

-3 

\ `100 

VOLTAGE 
REGULATOR 

K 

IINI317 

100 

OSC TEST 

1%j CRYSTAL MIXER 
TEST 

Cf> 

+27 VDC  

+27.5 VDC 

+ 18 V REG 

+13V REG 

AUDIO 
OUT 

e0.001-4_ 

- - 

1,000 pF 

 )1  

J00 

=.== 

ST IF -F 
2N1225 

1,000 pF 

e2.2K 220 

17,-) --

C35I   

pF 

= = = 

2N1225 

1,000 
pF 220 

220 1,000 
 -NV%  Wv-

R406 
100 

FM DETECTOR 
CR303 
IN87A 

—22 TpF 
33-1-R331 
PF 100K 

pF 022 

14  
IN87A 

47 
AUDIO AMPLIFIER 

0.22 

111- (7i) 

0401 
2N33I 

47I< 

100K 180 — 0.22 

2N33I 

0403 
214331 

T4021 t. 

_ 
-C406 

IK1 c, 

liss14 

C443 

CR401 IK 
1N712 I - 

— 

K z X 1,000 

o 

>0  

z 
o 

WIDERAND F-M RADIO CONTROL LINK-Coy- channels and provide demodulated audio out-

ers 406 to 549 Mc. Used in missiles and put to decoding equipment. Second through 

missile-target aircraft to receive up to 20 tone seventh i-f channels are essentially same as 

eighth.-T. L. Fischer, WIdeband F-M Receiver 

for Remote Aircraft Control, Electronics, 

33:40, p 85-87. 
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I k 

RTÉ, 

2N1384 

R4 
1.8 k 

2N138°42( 

ALL RESISTORSIW 5.4 2 ' 

REMOTE CONTROL OF AMPLIFIER GAIN— Per-

mits control of gain of small signal ampli-

fier by means of d-c voltage. Adjustment 

potentiometer does not carry signal cur-

rent. D-c control voltage acts on 6-v zener 

diode which in turn controls amplifier gain. 

PUSH 
TO 
SEND 

752 

+10 
MERCURY--1.34V 
CELL 

200nh 1_100 pf 
CRYSTAL 

11-4 
27.255 
MC 

10f1 ion 

Control voltage is limited to 4 v, which 

makes gain adjustable between 0.04 and 0.7 

for range of 1 to 18. Input signal is 1 y p-p 

sine wave.— T. Molligna, Amplifier with DC 

Controlled Gain, EEE, 11:5, p 94-96. 

? 
! WHIP ANTENNA 

(SEE Fig. 14.17) 

10-22 PF 

 )}  

TUNNEL D ODE OSC 
IN3716 ( 47MA) 

2=320./Z. 500i1 CT 

11 
1.22 10K 

47X2 • 
.15 

TONE OSC 
2N27I2 

LI - 6 TURNS * 16 

(1/2 LONG, 3/8" ID., TURNS SPACED 1/32") 

27.255-MC TD-CRYSTAL TRANSMITTER—Sili- transmitter.—"Transistor Manual," Seventh 

con-transistor Hartley oscillator modulates Edition, General Electric Co., 1964, p 356. 

tunnel-diode oscillator in remote-control 

ANT   

0,1 

V2 
3A4 

0.05 

27K 

+ 135 V 

100K 

We 

100i1H 

500 WOµ 
—F pF 

HUI  

10pF 

V, 
3A4 

330K 
0.02 

0.05 
47K 

47K 

82K 

150K 

L 4 

150 

0.05 

I5K  _L 

0.05u NE- 48  

1.2 M 

V4 
IL 4 

4 r K 

330K 
Wv  

+1,5V 

0.002 5K   50K(4) 

251_, 

0.00 HAiAi(DA(.,___4.A.,_15 

330K 
 **\./V  

r X 1,000 

0.05 

—I— 1.2 M 

0.002 

0.005 vk.A,12,2\2\ 

41K 

IL 4 

CARRIER-CURRENT TV CONTROL—Low-power 

oscillator provides both unmodulated and 60-

cps modulated signals for power-line carrier-

current transmission to control receiver in 

tv set. Unmodulated carrier having preset 

duration controls channel selection, while 

modulated carrier controls sound level. Sys-

tem operates on one of four nonadjacent 

frequencies ( 52.5, 57.5, 67.5, and 73.5 kc) to 

avoid interaction between nearby systems.— 

J. R. Banker and C. H. Wood, Jr., Line Cur-

rent Controls Remote Tv Receiver, Electronics, 

31:33, p 68-69. 

100.1.,F 

3 

C2 
500..uF  

0.05 

itrei 

(O0iuF 

3V4 

1.5 V T  

I MEG 

60V 

FRANKLIN SUPERREGENERATIVE RECEIVER— 

Has low sensitivity to impulse noise, wide 

dynamic range, high gain, and flexibility, 

since quench oscillator components are at r-f 

potential and feedback adjustments more 

easily made. Oscillates at 27 Mc as modi-

fied Hartley with interelectrode capacitances 

tuned by Li, and also oscillates at 25-kc 

quench frequency. Provides large decrease in 

plate current when signal arrives.— S. J. 

Neshyba and F. E. Brooks, Jr., Stable Receiv-

ing Circuits for Remote Control, Electronics, 

31:31, p 74-76. 

EIGHT-COMMAND TRANSMITTER—Two tone 

channels can be transmitted simultaneously. 

Operates at 27 Mc with 0.25-w output, for 

  controlling model tank.— R. A. Baker, Radio-

Controlled Tank for Realistic Combat Train-

ing, Electronics, 33:45, p 55-57. 
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TOY TRAIN CONTROL—With Li -Cl tuned to 

one of five r-f channels ( 100, 140, 180, 220 

and 255 kc), pair of scr's drives train either 

forward or in reverse, depending on polarity 

of r-f signal pulse applied to rails by control 

station. Five-channel transmitter permits sim-

Parts List 

Resistors Kilohms 

R1 22 
R2 2.2 
R3, R4 

R5 10 
Rg 2.7 

R7 10 

Rg 270 ohms 
Rg 150 ohms 

Transistors 

Qi 2N2188 

Q2, Q3, Q4 2N1274 

Potentiometer 
1/2 

1/2 
1/2 
1/2 

Miscellaneous 
K1 Typical: Sigma 11F-2300-G/SIL 

or equivalent 

Transformer 

T1 10-2 kilohms (Thordorson TR7 
or equivalent) 

Capacitors 

C1 

C2, C7, C10 

C3 

C4 

C5, C12 

C6, C9, C13 

C8, C14 

C11 

ultaneous control of five different trains, each 

having receiver tuned to different frequencies. 

Scr characteristics eliminate jackrabbit starts. 

—S. B. Gray, Appliances and Housewares, 

Electronics, 36:20, p 46-49. 

0.00 l-µf disk 
0.05-µf disk 
15-g disk 
18-pf disk 
0.002-µf disk 

5-µf electrolytic 
100-µf electrolytic 
4o-gf electrolytic 

12v 

-=-

Inductors 
L1 Adjustable RF coil (J. W. Miller 

4403 or equivalent). Add 2 

turns of No. 24 enameled wire 
on cold end. 

30-mh choke (Bud CH 1227 or 

equivalent). 
L3 8.5 henrys (Stancor C1279 or 

equivalent). 
L4 RF coil, 15 µII (Delevan 1537-44 

or equivalent). 

27.255-MC REMOTE-CONTROL RECEIVER— 

Output of superregenerative detector consists 

of 200-kc quench signal and 1,000-cps tone 

modulation from incoming signal. Quench 

filter passes only audio signal to amplifier. 

Amplified audio is detected and resulting di-

rect current used to operate relay Kl.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 363. 
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GATE 
PULSE —1 
IN PUT 0.05 

GATE 
PULSE 
SHAPER 
AMPL 

I M 

VI DEO 
INPUT 0.01 
CONTAINING (  
CONTROL 
PULSE 

20K 

VIDEO 
AMPL 

500 

AMPL 

GATE PULSE 

P 
I I 

L_ 

—2 12 AU7 

GATE 

20K 50K 

II I..4—CONTROL I PULSE 

 1(  
0.02 

T IN38A 

IN38 A 1. 

CONTROL TO 
PULSE VI DEO 
AMPL AMPL 

REC TIFI ER 

1N384 500K 

1rvi 0.I 0.1 

PULSE 
GENERATI NG 

BINARY 

20K 20K 

RELAY 
DRIVER 

1500 

TV STATION CONTROL—Control pulses trans- shown and translated into six different 

mitted in blanking interval by tv network switching actions used to introduce special 
transmitter are decoded by receiver circuits program matter such as commercials, weather 

I2AU7 

25 K 250K 

RELAY 

2K K X 1,000 

AMPL 

301< 

+280 V 

TO 
AUX 
RELAYS 

reports, and local film projector material that 

may be different for each network station. 

—K. Kazama and T. Ishino, Remote Tv Con-

trol by Blanking-Interval Pulses, Electronics, 

33:20, p 79-81. 



CHAPTER 74 

Sampling Circuits 

SYNCHRONOUS SAMPLER—Time jitter of digi-

tal receiver output pulse is eliminated by 

synchronous sampling of detected signal. 

Each bit is sampled by locol clock pulses 

that trigger flip-flop QI-Q2. Two outputs of 

slicer, 180° out of phase, are applied to 

bases of QI and Q2. Output of flip-flop is 

regenerated information, free of jitter.—J. L. 

Hollis, Sending Digital Data Over Narrow-

Band Lines, Electronics, 32:23, p 72-74. 

SAMPLING PULSE 
FROM CLOCK SYSTEM 

C GEN 

—( 

24545 
T 

-E— 'YYYY-Yre 
33 

.--/S.A.A..-14--4 IN 483 

20 10 

+10V 

20V -= 

O' 
2N6I7 50 

SPEAKER OUTPUT TRANSFORMERS 
16 OHM SECONDARY 

+ 10V 

COMMUTED 
50   OUTPUT 

 I I  

81 

24545 
,U-A-A-A-A-A-A-1 T2 

r;YVY-Y-Y. 
33 

20 10 Z1N483 

2N6I5 50 

2N635 
200 

2N633 

22 

50K 

INPUT 
SIGNAL 

122 

20V 

30-Kr HAIL-GENERATOR SAMPLING SWITCH- switching d-c input signal. Triggering for Using Hall Generators as Contactless Cam-

ES—Control current circuits of series-connected identical circuit at right occurs on opposite mutators, Electronics, 35:4, p 43-45. 

Hall generators X are pulsed alternately for half-cycles of signal generators.—T.J. Marcus, 

623 
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+330 

+150 

0.1i 

VIA 
5687 

0.0015 

1 

PULSER I 

n_ 

5.6K e 

-150 
-28 

Kt X1,000 

MAGNETIC-TAPE DATA SAMPLER-Used in 

playback system for discrimination of f-m 

signal from magnetic tape. Compares data 

channel signals with recorded reference fre-

CHANNEL SYNC OUTPUT 

ONE SHOT 
MULTIVIBRATOR 

4K 39K 

I.8K: 

CATHODE 
FOLLOWER 

CATHODE OE 
1 SAMPLER 1 FOLLOWER I 
1 L 

—1' 0.0068 1 

- 126V7 

ALL DIODES IN457 

flt ei 0.01 
0.0047 

I 04 
I.2K -.0.0047 

560 --
I.2K 

)1 

3.3K T O.01  e 0%1 

i0.01 
/ fc,,s 

• 
HYPERBOLA GENERATOR 

NETWORK 

quency, to make output independent of tape 

speed. Tube V28 is cathode follower with 

hyperbola generator network as cathode im-

pedance, to create curve for average area 

 II 12 13 14 15 16 17 18 19 110 111 112 113 114 115 116 117 118 119120 

C3 D3 

4744F INI26 

R3 
IMEG 

4/IN45 8 

22K IIK (2) 33K 

F 
r-

470K 470K 

1ME 

47F 
TRIGGER 

5IK 

I5K 1.8 MEG 

22/LAF 

;R4 
'MEG 

, 05 
1N458 

CI 
47ggF 

DI 

IN4 582 
: 501A11 R1 

3.6K 
33ge 

2AT7V2I e 
I  

5.IK 200K 100K 10K 

V2 
5963 

V22 
5687 
I MEG 

COMPARATOR AMPLIFIER SWITCH. 
TRIGGER GENERATOR TUBE K X 1,000 

CLOSED-RING COUNTER-Serves as 20-chan- flop ring actuates diode gates in step with 

net electronic switch for sampling voltage trigger pulses. Output can be used to drive 

sources at rates of up to 50,000 cps. Flip- recorders or feed data processing equipment. 

F-F-1 

NO 31 
-J 

KaFT 

7.5K 

OUTPUT 

47K 

of voltage block at any time during data 

period for a given blockwidth ( 1.4 millisec). 

-P. S. Bengston, Sampling Discriminators for 

Data Reduction, Electronics, 32:13, p 70-72. 

GATE INPUT 

2 13 14 15 16 17 18 19 110 111 112 113 114 115 116 117 118 

Vig 
5963  

TO FF 4 

3 56-,8 
2 1:119 

C'2.0 
10 2 , -0 10 

47ggF L. 

 If  
INI2▪ 6 

V20 
5963 

OUTPUT 
AMPL FIER 

C4 
.001 OUTPUT  

-K. L. Berns and B. E. Bishop, High-Speed 

Multiplexing With Closed-Ring Counters, Elec-

tronics, 32-26, p 48-50. 

3-I3g.gF 

270K 

20 

300V 

+300V 

+65V 

I3K 

33K 

-160V 

INVERTED OUTPUT 
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PULSE-COUNT SAMPLE-TIME RECORDER— 

Amplifier and thyratron trigger feed pulse to 

solenoid pen of recorder, to record time of 

end of counting period, corresponding to in-

stant at which counter delivers negative 

pulse.—C. F. Miller, New Phototransistor 

Tachometers Measure Missile Spin, Electron-

ics, 35:25, p 33-35. 

+380V 
100 

-I8V 

TO PRECEDING 
FLIP-FLOP 

2V 

6V 

INPUT 

+20V 

-280V 
270K 

NEG SIG 
IN FROM 500pF 
COUNTER  

47K 

I Id 
4.7K IN 

I2AX7 
5751 

180K 

110K 

0.01 

2M 

K.X 1,000 100K 

820 6.8K 

OUTPUT 
TO 

OTHER 
STAGE 

O.  .l 
DIGIT 
INES 

OUTPUT 
DIODES ARE 
HR10212 

 C) 2021 
5727 

61 

600 

RECORDE-11 
SOLENOID 

TO PEN OF 
CONTINUOUS 
RECORDER 

COLD-CATHODE SAMPLING COUNTER—Tran-

sistor-blocking oscillator drives cold-cathode 

counter tube to give long-life decade counter 

having low power consumption. Used in au-

tomatic recorder for data from several hun-

dred radioactive samples per day. Maximum 

repetition rate is 200 pps.—H. Sadowski and 

M. E. Cassidy, How Transistor Drives Cold-

Cathode Counter, Electronics, 32:38, p 46-47. 

680 
1.8K 3.3K 2.2K 

20pF 

1N905 

2N2475 

SAMPLE GATE 

15K 1N905 

2N2475 

1N905 

FLIP— 
FLOP 

15K 

SAMPLE GATE 

1N905 
X 101 2N930 

1N905 
Y 

-20V 

330K 

2N2475 

1N905 

2N2475 
1,000 pF 
Cs 

MULTIPLEX GATE 
2N859 

Rtu_i 

SAMPLE 
PULSE 
+6V 

TO NEXT 
FLIP-FLOP 

SAMPLE 
RATE IN 

TO NEXT 
FLIP-FLOP 

OUTPUT 
200 

FLIP-FLOPS CONTROL SAMPLE-AND-HOLD— hold capacitor Cs to signal amplifiers. Effec- selected by multiplex counter of system.—A. 

Sampled slices of incoming radar pulse are tive aperture time of sample gate is 20 nsec. Hakimoglu and R. D. Kulvin, Sampling Ten 

converted to binary digital farm at 10-Mc Multiplex gate feeds sampled signal values Million Words a Second, Electronics, 37:8i P 

rate, using flip-flops to connect sample-and- to analog-digital converter at proper time as 52-5/. 
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-F325 

180 

_r---
0.1, 

I_ 5687 

VIA 

0.0015 
INPUT-H(  

5.6 K 

28 

•  • 
PULSER 

REFERENCE-FREQUENCY 

discrimination of f-m signals from magnetic 

tape, with fastest possible response to wide-

deviation frequency-modulated transients. 

Constant reference frequency is recorded on 

0.047 

180 1-0A71 

SAMPLED ' LINEAR CHARGEI 
I CAPACITOR VOLTAGE GENI 
I DISCHARGER t 

SAMPLER—Improves 

G2 — 

A ll F 
5601 

SAMPLER 

V3B 

OUTPUT 

I4K 

INTER-
CEPT 
ADJUST 

120K 

-150 CATHODE 
FOLLOWERS 

one tape channel. When playback output 

voltage is mode proportional to quotient of 

data and reference frequencies, output is in-

dependent of tape speed, and wow and 

flutter components are cancelled. Reference 

INPUT 

OPERATIONAL-AMPLIFIER SAMPLER—Uses 

tunnel-diode pair with amplifier to provide 

output that is proportional to input signal at 

instant corresponding to leading edge of 

sampling pulse. Voltage gain of circuit is 100. 

Con also be used to measure differential 

peak point current of tunnel diode pairs.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 372. 

+20 VOLTS 0  

+10 VOLTS 

INPUT 
AC OR PULSE 

KEYING CIRCUIT 

RI e 84 lr I  CRI 98 
120K 3.9K e ,,,,„ 

C2 RS 
DC KEY INPUT ® • 0- • • ire. 

5,00yp F 6.8K 

CI 

AC KEY INPUT 0 11  
1.4d 
35V 
±20% 

COMMON 0  

o  
-10 VOLTS 0  

R2 
• VA • 

8.2K © C3 01 150ppF 
2N439 

,e 83 
33K 

R6 
8.2K 

RIO 
2.0K 

-20 VOLTS 0  

SAMPLE INPUT 0  

SAMPLE AND HOLD—Uses bilateral charging 

to increase energy content of series of low-

duty- cycle amplitude-modulated pulses result-

87 

1.5K C4 

200pyiF 

R8 

27K 
02 
2N33S 

89 

27K 

CS 

154,ÀF 

03 
2N 1305 

06 

SAMPLER UNIT INPUT ^ 

TRIGGER INPUT 

TRANSFORMER T1 OUTPUT 

[ir 
CAPACITOR C VOLTAGE  2 A  

/ 

/ I / , / I 
/ , / ' / i / , / i / 

/ I , / i / I ,, 
+ // 1 / 

V . I e / 1,1 /'  

CAPACITOR C1 VOLTAGE 

discriminator shown provides voltage output 

proportional to period of preceding cycle. 

--P. S. Bengston, Sampling Discriminators for 

Data Reduction, Electronics, 32:13, p 70-72. 

+I5V 

OUTPUT 

I5V 

BILATERAL CHARGING CIRCUIT 

RIS 

100 I/2w 813 
2K 
IW 

OS 
2NI305 

04 
2N1304 

2N1304 

R12 
470 

RIÓ 

ing from demultiplexing one channel of pam 

pulse train. Designed for sampling and hold-

ing 0 to 5 y information received via sam-

R14 
2K 
IW 

100 I/2W 

Q7 

RI? 
50 ± IX 
I/8W 

KEYED 
 ()SAMPLE 

OUTPUT 
818 
50 ± I% 
I/8W 

08 

pled-data telemetry link.—Sample and Hold 

Circuit with Bilateral Charging, "Electronic 

Circuit Design Handbook," Mactier Pub. Corp., 

N.Y., 1965, p 131. 
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+ 24V 

IN714 
• 

INPUT 
(MAX. SIGNAL 8VOLTS) 

IN 714 

4 vOLT PULSE 
I/2µSEC • 

L6 
100K 

-10v 

2.7K 

2NI1S3 

OUTPUT 

3.9K 

HYBRID SILICON BOXCAR—Signal-to-noise 

ratio of silicon hybrid is up to 2 db better 

than germanium at all temperatures. Only 
one transistor is needed for high-temperature 

stability. Input to boxcar should be from 150-

ohm source.—A. G. Lloyd, Half-Bridge Inverter 

Provides Economical Three-Phase Power, 

Electronics, 34:37, p 62-65. 

ZERO-ORDER DATA HOLD—Samples analog 

signal and holds sample value for period 

much longer than sampling aperture, as re-

quired in some sampled data systems and 

analog-to-digital converters. Used to sam-

ple inputs to accuracy of 0.1% of full scale, 

using sampling aperture greater than 1.25 

microsec. Value of C is equal to sampling 

aperture divided by resistance in charge and 

discharge path.—E. Nelson, Zero-Order Data 

Hold, EEE, 11:7, p 26-27. 

CONSTANT- CURRENT 
COMPARATORS 

VIA 

INPUT I 

470 

I2AX7 

SW PULSE I 

470 
-I2AX7 2 

ZERO 
ADJUST 

V24 

INPUT 2 

470 

I2AX7 

I SV/ PULSE 2 

3A 

470 
C, 

CR, 

R, 
:47K 

180K 

V44 

ZERO 
ADJUST 

-21-12AX7 

12AT7 

INPUT 
(MAX. SIGNAL 
8 VOLTS) 

IN714 

4v0LT PULSE 
1/2gSEC 

INPUT 
0 to-5V 

R source<100R. 

PLATE 
 VOLTAGE 
COMPENSATOR 

820K 

18 

02 
2NI306 

IN 714 

OUTPUT 

IX 

HYBRID GERMANIUM BOXCAR—Provides time 

selection and storage of waveforms, as re-

quired for radar mti, sensing elements of 

tracking radars, and gated agc. Power drain 

is negligible except for 7586 nuvistor fila-

ment power of about 1 w.—A. G. Lloyd, Half-

Bridge Inverter Provides Economical Three-

Phase Power, Electronics, 34:37, p 62-65. 

2N708 
Q2 

48Vn 

-8,11LF1)829 I6Opf 

GATE 2 I. 6 K 

DIFFERENTIAL 
AMPLIFIER 

MEG 8 47K 

4 47 

V. V58 

470 7 

12AT7 

100K 47K 

CONSTANT-CURRENT 
GENERATOR FOR 
CONSTANT- VOLTAGE 
COUPLING 

330K 
330K 

470 

681< 

+500V 

 +300V 
CATHODE- FOLLOWER 
OUTPUT 

R3 6CH6 
3 

470 

10K 22K 180 

-I2AX7 2 

150K 

33K 

100K 

47K 

47K 

47K 

47K 

OUTPUTS 

220K 

 —300V 

TWO-WAY SAMPLING SWITCH—Uses two 

compensated comparators VI and V2 whose 

currents are roctiotaIned constant by V3A 

and v3B, while V4 maintains constant pluie 

voltage on these tubes. May be expanded to 

multi-way unit by adding input selector cir-

cuits, or may be used as precision cathode 

follower by eliminating selector. Circuit has 

near-infinite input impedance and near-zero 

output impedance. Comparator compensation 

permits accuracy of 0.1% over range of — 100 

to + 100 v.—R. Benjamin, Electronic Switch 

Doubles as Cathode Follower, Electronics, 31:3, 

p 81-83 
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+I2V 

IK 

0.01= 

OUTPUT 
+3V 

31K 1-5.6Ke 

I:;13 04 
2N709 2N9I6 

R2 100i L27 
910 

-3V 

HEIGHT SAMPLING GIVES NANOSECOND 

RESOLUTION-Eight identical four-transistor 

difference amplifiers in parallel divide input 

signal into eight levels for sampling. In each, 

input signal is compared to reference signal 

in Q2-03.-A. A. Fleischer and E. Johnson, 

New Digital Conversion Method Provides 

Nanosecond Resolution, Electronics, 36:18, 

p 55-57. 

FROM 
SQUARE 
WAVE 
GEN 

SIG 
FROM 
SAMPLING 
OSCILLOSCOPE 

FROM 
SQUARE 
WAVE 
GEN 

220 

0A202 

14 
0A202 

14  
0A202 

14  
0A202 

220K 

0.1 

0.1 

0.3 T  

68 K‘ 

-E88CC 
2 

100 

I M 

I M 

13K 

MAGNETIC FILM-Circuit subtracts one sam-
pled waveform from the next, to reduce 

noise disturbances by factor of 10 in equip-

e 56K 

- E88CC 
2 

150K 

-2E88CC 

100 

56K 

1 

100 K 

O.' 150K 

1N905 

1N905 

4.7K 

1N905 

1N905 

UNITY GAIN VIDEO SAMPLING AMPLIFIER-

Five-transistor amplifier delivers high bidirec-

tional current, with bandwidth of 10 Mc, for 

amplifying incoming radar or other pulse 

prior to binary conversion.-A. Hakimoglu 
and R. D. Kulvin, Sampling Ten Million Words 

a Second, Electronics, 37:6, p 52-57. 

0.1 E8OL 

15 K 

ment using strip transmission line for deter-

mining polarity reversal time of thin mag-
netic films to be used as switching elements 

.5 

:.15K 

120K 

1 
-E88CC 

—.0.1 

100K 

1.5 M 

-E88CC 
2 

+20V 

+6V 

OUT 

6V 

20V 

o-+300 V 

OUTPUT 

5,000 
pF 33K 

§I.5 M 

D- C 

ce.......0--100 V 
in computers.-W. Dietrich and W. E. Proeb-

ster, Measuring Switching Speed of Magnetic 

Films, Electronics, 33:23, p 79-81. 



CHAPTER 75 

Sawtooth Generator Circuits 

INPUT 

nUr\IOV 

50µF 

HIGH-LINEARITY SAWTOOTH—Requires only 

single positive supply. Npn transistor serves 
as output buffer amplifier, while R2 and C2 
in bootstrap circuit improve linearity of saw-
tooth. RI and Cl act as integrating net-

work to provide second-order compensation 
for nonlinearity of waveform.—"Transistor 
Manual," Seventh Edition, General Electric 
Co., 1964, p 319. 

2.2K 
5.2K I.5K 

0.005µF 
o—) 

1KC-10KC 470pF 

10KC-100KC 

2.2K 

HH 
1002F 

2N706A 

2.4K 

280pF 

SCHMITT TRIGGER 

1N191 

FREQUENCY SENSOR 

2N526 

+15V 
2N526 2N526 

+15V 

270K 

2N706A 

10OµF 11< 

30 µF/ 5V 

D—C AMPLIFIER 

20-100,000 CPS TRIANGULAR-WAVE GENERA-
TOR—Sinusoidal frequency changes are con-

verted into proportional d-c voltage and fed 
into pulse amplifier and integrator tu gen-

erate constant-amplitude triangular waveform 

270 2.2K 

1.2 K 

2N966 

PULSE AMPLIFIER 

  160Í,F,20v 

2.4K 
1.5K 

N2218 

36K 910 36K 

50µF 

2N2218 

10K 300 10K 

10-100 

INTEGRATOR 

910 

50µF 

2N2218 

20V 

1\1\1\ 

OUTPUT 

6V P- P 

1111 

OUTPUT 

10 V P-P 
1KC 

36K 910 36K 

50µF 

2N2218 

+15V 

+30µF/25V 

2N2218 

50i.LF 

 4-15V 
* 30# F/25V 

910 

50µF OUTPUT 
I /NA 

2N2218 

300 300 

 T_ 15V 
—±—,30µF/25V 

d-c source for pulse amplifier and integrator. 

—D. E. Cottrell, Frequency Sensor Stabilizes 
Triangular-Wave Generator, Electronics, 37:9, 

p 38-40. 

10K 300 10K 

OUTPUT AMPLIFIER 

for measuring dynamic linearity of amplifier 
as function of frequency. Schmitt trigger con-
verts input sine wave to constant-amplitude 

square wave. Frequency sensor produces cl-c 
voltage proportional to frequency to serve as 

629 



630 SOURCEBOOK OF ELECTRONIC CIRCUITS 

+24V 

IN462 

40K 

360K 

RAMP 
OUTPUT 

Cl  

6,800p.p.F 

LINEAR BOOTSTRAP-Charging current of Cl 
is kept constant, resulting in high linearity of 
ramp output. Positive-going square wave is 

on collector of Q8 while ramp is being gen-
erated.- 13. A. Williams Jr., Transistors Rug-

gedize Airborne Telemetry Keyer, Electronics, 

31:37, p 81-83. 

FF 1 
-6V -+6V-

1.8K 68K 68K 

22pF 22pF 

8.2K 

t 100pF 
41 470 

100pFT-. 

PP3 PP4 
INPUTS  

8.2K 

N501 

PULSE AMPL 
-I8v 

100pF 

100pF.-r 

PP2 PPI 
INPUTS 

Qi 
2N2608 

22K 

R2 
500 K 

+ 20V 

R3 
100 

+ 20 V 

SYNC OUT 

R4 
SK 

HELIPOT 

B2 

Q2 
2N16718 

+20V 

03 
2N2219 

SIGNAL OUT OUT 

0.1p.F 

FET SUPPLIES CONSTANT CURRENT-Utilizes battery or line voltage fluctuations.-E. Elad, 
near-zero temperature drift of fet at bias FET Insures Stable Sawtooth Wave, Electron-

point, to make performance independent of ics, 39:16, p 122-123. 

SAWTOOTH GEN NO.1 PEAK DEI NO.1 
--6V - 18V  

1.8K 

3.9K 

1N277 

510pF 5 

I8K 

1.8K 

0.22 

 I(  

01153 

2,600pF 

SAWTOOTH GEN NO.2 

INPUT --I 

4.7 

1,0C3 

470 

6.6K 

22K 

2N247 

2N501 

'82pF 684 

C'I53 01153 

4.7K 

2N317 

0.2 

61794 

PEAK DEI NO.2 
+6V 6V 

5.6K 

4— 

01794 

01153 

7-Er be measured. Control flip-flops turn both 

01153 

P.66 

DIFFERENTIAL AMPL 
-6v 

I9.6K 

I9.6K 

01153 

5.6K 

+6v 

IN 

- 

+6V 

6- OUTPUT 

IK 

TO 
PP4 
AND 
PPl 

PULSE WIDTH MEASUREMENT-Develops two sawtooth generators off simultaneously, so -D. B. Dobson and L. L. Wolff, Automatic 

sawtooth waveforms of equal slope, one de- difference in sawtooth peak amplitudes is Test Equipment Checks Missile Systems, Elec-

hayed relative to other by width of pulse to proportional to pulse width being measured. tronics, 33:29, p 74-78. 
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OUT 

Di----.1-

ZENER 
DIODE 
TI- 653C9 

SIMPLE SAWTOOTH—Uses semiconductor 

switch Ql, whose amplitude is controlled by 

senor diode DI. Operation on only small 

part of R-C charging curve helps make out-

put pulse widths, amplitudes, and waveform 

timing independent of active elements in cir-

cuit.— C. A. Von Urff and R. W. Ahrons, How 

to Generate Accurate Sawtooth and Pulse 

Waves, Electronics, 32:50, p 64-66. 

,son 

82K 

5000 

4(30 

551 

BOOSTING SAWTOOTH FREQUENCY—Induc-

tor causes ringing and thereby extends op-

erating frequency of sawtooth oscillator using 

four-layer diode. Will operate well above 

100 kc.—P. Emile, Jr., Inductor Raises Useful 

Sawtooth Frequency, EEE, 12:7, p 28. 

OV 

+12 V 

-12 V 

E our 

2N2218 

3V 

R2 

200 

• 

R 3 

200 

2K 
CI 
39µF 

+ 10V 

+ C2 

39i,F 
10V 

Q2 
2N2904 

R6 

2 K 

SWEEP OUT 

SYNCHRONIZING 
SIGNAL 

BOURNS TRIMPOT 

LOOK 120- 15 

SYNCHRONOUS SWEEP—Produces linear 20-v 
sawtooth with four-layer diode and six other 

components. Maximum sweep rate can reach 

100 kc. Provides synchronous operation with 

good linearity and sufficiently fast retrace to 

eliminate need for blanking in oscilloscope 

applications.- 4- Layer Diode Sweep (Synchron-

ous), "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 173. 

DI 

1N747A 

03 

2N4304 

2N1305 

TRIANGLES—Peaks, slopes, and frequency of 

triangular waves can be varied independ-

euily. RIO-R11 paz.itiwc 31Gpc, 1111 

RI5 negative slope, and CI-C2 both slopes. 

Zener voltages of DI-D2 determine peaks.— 

R, Zane, Triangle Generator Adjusts Output 

51apc; and Praks, Electronice., p 

85-86. 

1N7474 

2N2904 

—C 4 

^ 0.01/JF 

Q6 
2N2218 

03 

1N746A 

07 

R10  2K 2N2218 

2N2904 

04 
IN 74 64 

R13 

10K 

2N2904 

D5 
1 N7464 

06 
1N746A 

C6 
100p,F 
20V 

C5 
0.002pT 

2N167A 

R15 

1 K 

0 V 

R8 

30 
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FROM 
RAMP 
GEN 

SWEEP 
COMPARATOR 

EI8OF 
VI 

11-1- B+ 

100V 

-r 1oov 11-Lti 

FROM 
STAIRCASE 
GEN +130V 

r - 
1 Oi 

2NI67 

+45V 

I5K 

ISOLATION 
BLOCKING 

OSC 
EFP-60 
V2 

1N144 

130V 

I .4 CµS 

IµS 

1.52,µS 

DYNODE 
VOLTAGE 

V3 
EFP-60 

BLOCKING 0 

8+ 
TO 

SAMPLING 
HEAD 

DYNODE 
VOLTAGE 

UNBLANKING 
PULSE TO 
STRETCHER-
EXPANDER 

STROBE GENERATOR-Sweep comparator V1 

mixes output of ramp generator and stair-

case generator to give sampling or strobe 

pulse. Instantaneous d-c level of ramp, cor-

responding to a step, fixes time at which 

strobe signal is generated.-W. E. Bushor, 

Sample Method Displays Millimicrosecond 

Pulses, Electronics, 32:31, p 69-71. 

LINEAR SAWTOOTH-Q1 and Q2 in emitter-

coupled mvbr and constant-current generator 

Q3 produce sweep having linearity compara-

ble to that of vacuum-tube circuits.- B. 

Rakovic, One More Transistor Makes a Linear 

Sawtooth, Electronics, 35:49, p 50-51. 

WAVE AMPL IN V 

K= X 1,000 

+I2V + 12V 

02 
2NI67 

R3 

2N597 

°---H 0.5 2.2K 

IA j=15V   

0.02 

2N597 

-I2V - I2V 
06 

2N388 

D2 I5K 
SV7 

2N388 

3.9K 

-45V 

-45V 

412V 

101er--"'' 
27K 

X DI 
SY7 

2N597 

27K 

27K, 

-I2V 

10K 

0 15 
2NI67 

9.1K 

e 016 
2NI23 

10K 

R7 27K 0 13 
22K 2N597 

11 

4.4K 
S2 

---- V_ 
R2 9.2K 

33K 0 

EXT GEN 

-I2V 

- 0.001 

10K 

0 17 
2NI67 

016 
2NI23 

2NI67 

olo 
2NI23 

5.6K 

300F -I2V .12V 

EXT GEN 
REPETITIVE PULSES SINGLE-CYCLE 

MULTI-WAVEFORM GENERATOR-Uses dou- wave. Can be free-running or driven by ex- circuit controls sweeps.-J. E. Curry, Multi-

ble-bootstrap sweeps to generate triangular ternal generator. Polarity-sensitive trigger Waveform Generator, Electronics, 32:46, p 83. 

+I2V 

TRIGGER OUT 

TRIGGER OUT 

0 +10 

-10 
SWEEP OUT 

+I8V 
+I5V 

1.2K 
-vvt,  + 18V 

10K 
SQUARE WAVE OUT 

OUT 

•-• + 15 

-0 

-12 

-15 
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+300V 

RAMP GENERATOR-Produces positive-going 

ramp with 100-v amplitude when input trig-

ger pulse is applied. Time duration of ramp 

can be set at 0.1 or 1 microsec. Time sta-

bility is better than 0.1 millimicrosec for long 

time intervals.-W. E. Bushor, Sample Method 

Displays Millimicrosecond Pulses, Electronics, 

32:31, p 6v-71. 

VI 

E1BOF 
TRIGGER-
INVERTER 
AMPL 

P-OLARITY 
REVERSING 
SWITCH 

7 0.1,uS EC 
MAX DELAY 

V3 

100V 

TO 
STROBE 
GEN 

417/5842 SWEEP 
CONSTANT CHARG-
ING CATH FOL 

41' -S7Al mn, -1/jI T5BIC8 H4-2 4300 V C FAST o 
4100V 1,4 r  
(AC GND) ySLOW 

I µSEC — I 
MAX DELAY DELAY SWITCH SI 

SWEEP SWITCH CIRCUIT 

VOLTAGE-CONTROLLED RAMP/TRIGGER-Pro-

vides ramp output with or without positive 

and negative trigger pulses over 6:1 linear 

range of frequency control. For values of C 

from 0.001 to 10 mfd, frequency range is 10 

cps to 20 kc.-M. S. Tatch, Voltage-Controlled 

Ramp/Trigger Generator, EEE, 12:3, p 71. 

4 

2 3o 

R 6.8K 

5 

R3 

4 

R5 

_ - 

? ?  

2 3 / 

04 

3 

2 

FREO 
VERNIER 

—04 

 03 

 02 

R9 

10K 

R7 

5 M 

MAX FREQ ADJ 

Rlo 

Ne 2 

0).01 

R12 250K 
dOK 

COARSE 

ZERO FREQ ADJ 

R8 

1M 

R13 

I M 

220K 

-300V 

OUTPUT 
500K D. C. LEVEL 

ADJUST 

R17 

100K 

+300V 

330K 

100K 

OUTPUT 
AMPLITUDE OUT 
ADJUST 25K 

47K 

OUTPUT 
RANGE 
ADj 

0.2 TO 18 CPS-Provides low-frequency 5-v ventional signal generators having maximum Subaudio Sawtooth Generator Gives One-Per-

sweeps of high linearity, to complement con- accuracy at higher sweeps.-A. Angelone, cent Linearity, Electronics, 34:48, p 42-43. 
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N 

ALL RESISTORS ARE 112W,5% 

X1000 S1 

TIME 
SECONDS 

R11 

FOUR 
2.2 K < 
MATCHED 

ALL-WAVEFORM GENERATOR—Two-transistor 

circuit with function switch provides choice 

of four different waveforms. sine, triangular, 

square, and sawtooth. Frequency is around 

450 cps.—Transistorized All-Waveform Gen-

erator, " Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 168. 

40 

2 2K 

5-HOUR RAMP—Switches 51 and 52 give 

ramp periods of 100 to 4,000 sec. Changing 

C to 10 mfd increases period to 20,000 sec 

R2 

WIDE-RANGE LINEAR BOOTSTRAP TIME BASE 

—Delivers highly linear ramps at repetition 

rates up to 5 Mc, for input pulses from 0.1 

microsec to several seconds wide. Nonlin-

earity is 5% for slow ramps, and improves to 

0.05% for fast ramp. Measures pulse width 

accurately when used in combination with 

voltage comparator. Can also be used for 

sampling and for testing amplitude response 

of linear amplifiers.— T. Mollinga, A Wide-

Range, Linear Time Base, EEE, 10:8, p 56-59. 

15K 

R 4 

10K 

R1 , 

5K: 

R9 , 

47K: 
CI 

120K 

For 5-hour period, C must be 10-mfd low-

leakage capacitor. RI calibrates ramp amp- 5 Hours, Electronics, 39:13, p 78. 

litude and R2 calibrates period.— R. Chap-

12V REED 
RELAY 

• L___11 
L_ _._J 

5600 

;47 DI 
1N457 

002 
C., 

QI 
3N60 

+15V 

+5V 

OV 

OUTPUT 

15V 
man, Period of Sawtooth Ramp Extends to 
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UNIJUNCTION SAWTOOTH—Uses ZJ14 uni-

junction transistor. RI represents input im-

pedance of conventional emitter-follower 

having nominal 5,000-ohm impedance in 

emitter circuit. R3 is 3K and R4 is 330 ohms. 

—M. Rosen, Subaudio Swept Signal Genera-

tor, Electronics, 33.17, p 67-68. 

ea 

  SIMPLE SUBAUDIO SWEEP—Uses operational 

amplifier in integrating circuit, neon lamp as 

automatic switch, and resistance network that 

allows output to be varied around level set 

by Rl. Used to generate sweeps with high 

linearity up to 18 cps.—A. Angelone, Sub-

audio Sawtooth Generator Gives One-Percent 

Linearity, Electronics, 34.48, p 42-43. 

CI 

100 pF 0.15F 

22K 22K 

2143394 

22K 

IN277 

IN U 1000pF 

0 2 

IN277 -= 

ONE-SHOT 
MULTIVIBRATOR 

TRIANGULAR WAVEFORM GENERATOR— Used 

in synthesizing waveforms of predetermined 

shape. Produces single triangular pulse each 

tin-e it is triggered externally. Output pulse 

has constant peak amplitude with no flatten-

ing, and independently adjustable rise time 

(RI) and fall time ( R2). Schmitt trigger 07-

08 resets one-shot mvbr 01-02 and limits 

amplitude of output.- R. G. Teeter, Triangle 

'vVavefulta Geller ultn 

Electronics, 3914, p 78. 

JL 4 7OPYi 

(we/A) 
BASE WAVE SHAPE 

IV/c en VERT 

200 SEC/ HORIZ 

(cowl R) 

OLLEC TOR BASE SHAPE 

10V/o. VERT 

20y SEC /cm HORIZ 

TRIGGERED SAWTOOTH—Uses Shockley four- is 0.2 microsec at 400 pps.—Triggered Saw-

layer diode and transistorized integrating cir- tooth Generator, "Electronic Circuit Design 

cuit. Ramp starts with quick drop, then rises Handbook," Mactier Pub. Corp., N.Y., 1965, 

back to steady-state condition. Pulse width p 169. 

POSITIVE OR NEGATIVE SLOPE—Generates during charging of C3.—G. Marosi, Positive 

linear ramps, either negative or positive, by or Negative Slope Generator, EEE, 13.5, p 43. 

switching two current sources on and off 

2N3394 

3,600pF 

1000pF 

6-1H 

2.2K 

22K 

RI 

100 22K 

05 

2N3638 

+ CONSTANT 

1,500 CU RRENT  

04 _1_, 
2N3394 

Q3 -CONSTANT .1 
2N3394 CURRENT --7 

PULSE INVERTER 

Q? 
2N3394 

R2 

6.8K 

1,000pF 

15K 1K 

geHmiTT 

TRIGGER 

4-15V 

Qe 

2N3394 

os 
2N3394 
EMITTER 
FOLLOWER 

4-15V 

--ITR+TF 
OUT 

10K 

22K 

-3V 
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+I 2V 

10/.4F 
+ I 

lOOK 

—I2V 

GND 
LINEAR RAMP—Output voltage varies linea ly 

with frequency within 98%, while peak volt-

age is constant at 0.6 v. Thermistor R1 pro-

QI 
11X882 

2N388 

vides temperature stability and source fol-

lower 06 reduces loading.— D. D. Brooks and 

C. F. Johnson, Sawtooth Generator Uses FET 

ULTRALINEAR RAMP GENERATOR—Used in 

high-accuracy low-speed voltage to pulse 

width converter. Linearity is better than 

0.02% between 10 and 90% points of ramp. 

INTEGRATOR 

varying R1, R2 or C; values shown give 20-

second period. Used to sweep magnetic field 

across air gap of electromagnet and for test-

¡R6 
>22K 

R7 R1 
2.2K 470 

2N1305 

01 

2N1305 

SCHMITT TRIGGER 

TRIANGULAR—Deviation is less than 1% from 

linearity at any frequency from 400 cps to 

1 cycle per hour. Frequency is changed by 

400µF 
+ 

100 

LINEARITY 

03 

11X883 

Q4 
11X882 --o. 

Test circuit below is substituted for Cl when 

adjusting linearity control.— Ultra Linear Ramp 

Generator, "Electronic Circuit Design Hand-

book," Mactier Pub. Corp., N.Y., 1965, p 166. 

2N1304 

05 

2N16718 

0.2/ÀF 

100 
®25°C 

005F 

510K 10K 

16K 

Q6 
TIX883 

OUTPUT 

1/1F 

as Constant Current Source, Electronics, 38:18, 

p 87. 

LINEAR SAWTOOTH WITH SPLIT TIMING CA-

PACITOR—To compensate for linearity deter-

ioration, timing capacitor of emitter-coupled 

mvbr is split into two equal parts, and feed-
back resistor is connected between center 

point and emitter of constant- current genera-

tor 03.—B. Rakovic, One More Transistor 

Makes a Linear Sawtooth, Electronics, 35:49, 

p 50-51. 

R3 

20K 
(SYMMETRY 
ADJUST) 

FEEDBACK LOOP 

04 
2N1304 

2N1305 

tr 

-22V 

OUTPUT 

D-C AMPLIFIER 

ing servos and vlf amplifiers.—J. F. Delpech, 

Triangular Waveforms Have 1% Linearity, 

Electronics, 38:7, p 86-87. 
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AMPLITUDE 
25K 

SIMPL- E UJT SWEEP—- Generates variable-fre-

quency sawtooth directly, with emitter-fol-

lower 2N335 serving only for isolation. 

Sawtooth frequency can be varied without af-

fecting output amplitude —Uni junction Sweep, 

EEE, 11:7, p 86. 

I 

10 1, 12 
hole 

(C 

UJT TRIANGULAR-WAVE GENERATOR—Two Ujt and diode serve as switch to reverse 

current generators produce triangular wave slope of ramp.—R. Dean, Unijunction Triangu-

by alternately charging and discharging Cl. lar Wave Generator, EEE, 12:4, p 59. 

+24V 
IN4154 

03 
2N525 

—9 
2N2646 OUTPUT 

IN752 
r 

2 
SEC 

4 V_ 

SAW TOOTH 

PWR GND 

IN748 

+4V CAL 

>>: 470 
390 `1 • 

LINEAR SAWTOOTH—Develops signal with Impedance in the Ionosphere, 

4-v amplitude and 2-sec period.-0. C. Hay- 34:2, p 88-92. 

cock and K. D. Baker, Measuring Antenna 

INPUT 

—20 V 

-1-20 V 

2.2 K 

+ 20V 

R 4 

2.2K ;—R4 

—20 V 

+12 V 

—12 V 

--TO LIMIT 
DETECTOR 

—12 V 

AUTO/ 
MANUAL 

+12V 

1.1 

50-KC SAWTOOTH—Uses bootstrap charging 
circuit, with constant voltage maintained 

across charging resistor by zener diode and 

emitter-follower amplifier 03, so capacitor 
charging current is constant over complete 

cycle.—"Transistor Manual," Seventh Edition, 

Electronics, General Electric Co., 1964, p 319. 

51 K 

2.5 K 
POSITION \ 

—12 V 

shmoo curves. System uses two generators 

that differ only in component values in 

table. R3 in X drive circuit makes X gen-

erator jump when capacitor stops charging 

and starts discharging. Charging current is 

LINEAR RAMP CCNCRATOR Used in te.ster pctitive na9ntive rippr.nrling on input volt-

that shows computer memory performance age polarity. Npn transistors are 2N70o, pnp 

under marginal drive currents by plotting transistors are 2N1132, and diodes are 

+12V 

50 

2.2 K 

AMPLITUDE 
2 K 

200 

—12 V 

TO POWER 
SUPPLY 

X Y 

CI 1,0 0 0 /£F 10 0 p.F 

R3 30 o 
R4 7.5 K 7.5 K 

1N921.— J. E. Gersbach, The Great Shmoo 

Plot: Testing Memories Automatically, Elec-

tronics, 39:15, p 127-134. 
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400 VOLTS 
SUPPLY 

FREE-RUNNING HIGH-VOLTAGE SAWTOOTH 

GENERATOR—When power is applied, gate-

turnoff scr triggers and applies 400 y to Cl. 

When voltage across Cl rises above ava-

lanche voltage of D1, GTO turns off and Cl 

discharges until scr conducts again.— D. R. 

Grafham, Now the Gate Turnoff Switch 

Speeds Up D-C Switching, Electronics, 37:12, 

p 64-71. 

+20V 

D3 c5 
HG5004 2,000 pF 

 I(  

02 
HG5004 

INPUT 

OV -

— 20 V 

VARIABLE-SLOPE RAMP GENERATOR—Slope 

is determined by rate at which Cl is charged 

by constant-current generator QI -R4 through 

TIME 

TO 
EXTERNAL 
LOAD 

16 15 13 
680 1.2K 

2N404 

08 

2N1304 

2N1748 

2N1304 

220pF 

FET RAMP GENERATOR—Use of mos let gives 

very slow rate-of-rise linear ramp generator 

(less than 0.1 v/sec). Longer durations can be 

obtained by using larger values for R and C. 

—J. M. Phalan, MOS FETs Give Long Time-

Constant Ramps, EEE, 14:4, p 46. 

03 

2N404 

HG 

C2 
0.01/£F 

02. Peak of ramp is determined by R19. 

Circuit will synchronize over 3:1 frequency 

range centered on 70 kc.—D. J. Grover, Ca-

2N404 

Q2 
2N404 

2N1304 

R24 

100 — 

R4 

470 

R2 

270 

OUTPUT 

Cl 

0.011.LF 

pacitor Charging Controls Variable Ramp 

Generator, Electronics, 39:11, p 91-92. 



CHAPTER 76 

Scanner Circuits 

RG - 59/U 
VIDEO 
INPUT 

4450V 
D-C 

+250V 390 
D- C 

1 K 

DELAY LINE 
DRIVER 
6AH6 

VI 

—) I  
.1 

AUTOMATIC BRIGHTNESS CONTROL—Auto-

matic brightness control circuit intensifies 
scanning spot when sweep is triggered, and 

holds intensity constant. When spot is quies-

cent, output of 931A is applied to cathode 

follower that determines bias on 5ZP16. 

Phototube then sees only 10-meg load be-

cause V4 is cut off. When mark is sensed 

by scanner, load switching action makes V4 

conduct to reduce phototube load to 120,000 

ohms.—A. C. L. Brown, Flying Spot Inspects 

TV Rating Records, Electronics, 35:9, p 31-34. 

220 

47K 
100K 

0.1= 180 0.01= 10K 1.5 
MEG 

RG-65/U 
0.4.,uSEC 
DELAY 

DIFFERENCE 
AMPLIFIER 

-1,000 V 

100K 47K 

6AH6 6AH6   
V2 33K V3 

CONSTANT 
CURRENT 
6AH6 
V-7 

0.01 0.1 

0.01 

10K 

-300 V 

ABC 93IA PHOTOTUBE 

-200 V 

-100V 

IK 

DELAY LINE 
DRIVER 
6AH6 
V4 

 IE-
0.1 RG-65/U 

0.1,u.SEC 
DELAY 

IK 

120 K 

+250V----; 

ABC LOAD 
SWITCH WAVEFORM 

220 
+ 250 

15K 

V5 

V5963 

‘i FLYING 
SPOT TUBE 

5ZPI6 
6.8 K 

-75 V I FIXED BIAS 

GAR WIN 
COINCID-
ENCE 

V 

100 

6AH6 6AH6 V6 

1.8K 
IN34A 0.1 
14 1E--=.-_ 

0.001 OUT TO 
 -1 (--- UNIT 

PULS ER 

RG-65/u 
0.5,uSEC 
DELAY 

K s X 1,000 

I K 

NUCLEAR TRACK COUNTER—Recognition sys-

tem scans nuclear emulsion strips coated on 

gloss, using image orthicon with microscope. 

Straight or moderately curved tracks in emul-

sion, produced by nuclear particles, are recog- produce output pulses.—P. V. C. Hough, J. A. 

nized and counted by scanner that used Koenig, and W Williams, Scanner Recognizes 

video screening circuit shown. Opaque emul- Atomic Particle Tracks, Electronics, 32:13, p 

sion regions that meet narrowness criteria 58-61. 
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82K 

428v REG. 

+20V +20V 

2N494 

R4 

C P 
,N 7. , 56A 

2,d3053 v ZENER 

VERTICAL LOCATOR FOR CHARACTER READER 

—Sawtooth input is compared with earliest 

video of each vertical sweep of typed 

character being scanned, to charge coped 

tor and derive logical output related to bot-

tom of typed line.—J. Bouldreay and E. 

Milbradt, Solving Registration Problems in 

Optical Character Recognition, Electronics, 

35:1, p 77-81. 

SCANNING PHOTOCELLS AND REGISTER 

22K 82K ., 22 1K 82K 22K 
I5K • 5K I5K 

- 
PC7 0.43M 

TYPE CL4 
PHOTOCELLS 
(CLAIREX) 

loo 

0743 

V7,V8,V9 - PART OF 

32 THYRATRONS IN 
CLOSED RING 

VIDEO 
INPUT 

UJT RASTER GENERATOR—Developed for use 

in low-cost transistorized flying-spot scanner. 

Can also be adapted for closed-circuit tv corn-

eras and monitors. Ujt 01 is relaxation oscil-

lator at desired horizontal sweep rate of 10 

kc. Interlaced scanning is easily obtained.— 

F. Stevens, Low-Cost UJT Roster Generator, 

EEE, 13:12, p 65-66. 

Rxv 

+5 Rs 

RESET O4 
Si 

A 

Si 
0,   

R2 14 • STORAGE 
CAPACITOR 

-20v - 7v - 5v Or 

SAV/TOOTH IN 

-5V 

FEEDBACK 
CURRENT 
SINK 

CURRENT 
SOURCE 

(D 7V ZENER 

+20V 

7V ZENER -20 v 

Q1, 02, 04 , 05,Q6. 2N78 

Q : 2N123 

MAXIMUM COUNT- DETECTOR PATTERN DISPLAY SELECTOR 

NE- 2 NEON LAMPS 

4.7K IN 
100 

STANC;f3Y# 323 
- LAMPS 

0.43M 

-33V - 

30K ≥ PHILBRICK 
AMPL 

+150V 

L4 

420A 

L5 L32 

RELALYl 31321 5 10 15 20 25 30 
6 11111111111 111111111111111111M) 

I ACTIVE SCAN I 

10 RELAY 

  = 

RELAY 2 

RELAY 3 

RELAY 4 

 4 
r' 

+150 VOLTS 

GROUND 
GROUND 

GROUND  
[GROUND  

-33 VOLTS 
GROUND 

+300 VOLTS 

1 
1 t 1 -33 VOLTS 111111111111111 

31 I 5 10 15 20 25 30 
32 

SEQUENCE OF VOLTAGE APPLICATION 
RELAYS 1 THROUGH 4 CONTROLLED BY 
COMMUTATOR IN SCANNING MECHANISM 

SHAPE RECOGNITION—Use of dilating cir-

cular scan resolves some of problems for gen-

eral-purpose reading machine. Technique 

0.1M 500 IK 

1,800 + 6V 
420A 0.1M 

1/2 
24X7 

RELAY 
7 

8K 

1_0.077 

+150V 

2.15 

100K ▪ STORAGE 

HF-
-300 — 0.1 

RELAY 7 1/2 6AL5 

30K 
 VVN.— 

_10.051 

0.1m INI00 

1K 4.7K 

2 D21 

IN100 

- IK 3.3K 

2 D2I 

K 

0.03 

0.IM 1N1O 0 

- 2D2 I 

47K 

K. X 1,000 

LOG CAL 
OUTPUT 

ANALOG 
OUTPUT 

DISPLAY 

0 CIRCLE 

A TRIANGLE 

4 

THREE OBJECTS 

SQUARE 

0 8 

FOUR OBJECTS 

O PENTAGON 

FIVE OBJECTS 

0 HEXAGON 

-._1 c-"VNI .se" ,\A--• 

IK =. 1K 1.6 K ,11.1.1, sil 

2021 SIX OBJECTS I 
I 6.3 

- 
-----I IÁIC -_ 

0.IM INIO 0 4 33V 

4 

IX - 11K  + 05  

can be applied to automatic recognition of L. D. Harmon, Line-Drawing Pattern Recog-

letters and numbers in variety of styles.— nizer, Electronics, 33:36, p 39-43. 
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WIDEBAND VIDEO AMPLIFIER— Has gain of 

1,000, bringing 1-mv input up to 1 v. First 

two stages are cathode-bypassed, and next 

two use inductive compensation for high-

frequency peaking, to compensate for non-

infinitesimal short persistence of screen of 

flying-spot scanner. Used in comparing two 

sky photographs to detect variable stars.— 

J. Borgman, Using Tv Techniques in Astron-

omy, Electronics, 32:19, p 66-68. 

VIDEO 
SIGNAL 
INPUT 

TO 
MULTI— 
PLIER 
PHOTO-. 
TUBE 

GATED 
ASS 

CLAMP SIGNAL GATE SIGNAL PULSE 

STABILIZING PHOTOMULTIPLIER GAIN—Feed-

back loop provides automatic gain stabiliza-

tion for color film scanner.— R. M. Farber and 

K. M. St. John, Scanner Analyzes Color Con-

tent of Movie Film, Electronics, 34:48, p 38-

41. 

TWO-PHOTOMULTIPLIER SUBTRACTION CIR-

CUIT— flying- spot 1.1u.e.d-circuit tv system 

compares two photographs and displays only 

differences between them, for automatic 

identification of variable stars. Both photo-

multiplier signals are coupled to subtraction 

tube V1A. Difference signal is fed by cath-

ode follower to video amplifier of 14-inch tv 

monitor.— J. Bergman, Using Tv Techniques 

in Astronomy, Electronics, 32:19, p 66-68. 

+250V + 1,200V 

22K 

10K 

IOnF lOnF 

05M 0.5M 

I2AU7A 

FROM 
SAMPLED 
OUTPUT 

OF 7360'S 
(FIG 5) 

I2AU7A 

22K 
470nF 

10K 
lOnFi 470nF 

RI ( 
470K 

0.5 ≤ 680 

100TpF  

V2 

CI 

14705 F 

11< 

12 AU 7A 

10K 

IM 
16 

56K 

3 0.5 3K 

I 2M 5.6K 

V4 
I2AU7A 

470K 

6K 

VT 

6005 

—30V V2(FIG 5) 
3 

470 IM 
K 1M 

+250V + 1,200V 

6K 

3 

2.2M 

6005 

TO HOT 250/ 
FILA TERM conductors of electroluminescent panel.— B. 

FLAT-TUBE SCANNER—V1 thru V3 generuic Binggeli and E. Fatuzzo, Solid-State Poncds• 

sawtooth wave and V5 thru V7 triangular Will They Bring Hat-Uisplay IV? Electronics, 

wave for driving horizontal and vertical 35:26, p 67-70. 
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-300V 

-1,000 V 

OUT TO 
VIDEO AMPL 

PHOTO CURRENT 
FLOW 

FLYING-SPOT SCANNER PROTECTS MICRO-

FILM—When black mark on microfilm covers 

quiescent spot, sweep is tripped and rectangu-

lar pulse on cathode of V2 cuts it off. 931A 

multiplier phototube then sees 22,000-ohm 

load through VI to give correct output.— 

A. C. L. Brown, Flying Spot Inspects Tv Rat-

ing Records, Electronics, 35:9, p 31-34. 

FROM 
MULTIPLIER 
PHOTOTUBE 

1(1292 

270 

IN34A 

CLIP 
CONTROL 

+75 +25 

1 
MEG 

22K 

0.1 

4.7K ME0 
-150 

I.  

D- C + 75 
Akin 

6AU6 
VI 

220 

+75 

RI 

470K 

-200 V 

READ 9314 PHOTOTUBE 

-100V 

_L 
D- C SETTERS 6AL5 

KsX 1.000 v5 --'  

VI R2 
6AL5 22 K 

V2 
6AL5 

47K 

-75V 

CATH 
CLIPPER FOLL 
6AL5 +250 

V24 V2EI 12417 

47K 

+75 
4250  

SCANNING 

22K 

22K 
BMH 

10K 2-1841ri 

01 

47K 12AU7 
V3 

+75 

10 
GAIN TO K CLIP TO 1k 
WAVEFORM WAVEFORM 6,( 
MONITOR MONITOR 

AMPLIFIER AND 

JL 
READ LOAD 

SWITCH WAVEFORM 

CATH 
FOLL-

AMP AND 

CLIP 

22K 

0.05 

GAIN 
SET 

R2 
64L5 

4.3MEG V6 

PEAK 
DETECTOR 

12AT7 CATH 

FOLL 27K 

V4B 

V4A 

MEG 

-150 

DETECTOR 

0.001 

-150 

 ••1 

PDPILLOGRAPH—Measures movements of pu- with multiplier phototube, amplifier-detector, Changes For Clinical Diagnosis, Electronics, 

pil of eye, using flying-spot scanning unit and recorder.—G. W. King, Recording Pupil 32:39, p 67-69. 



CHAPTER 77 

Servo Circuits 

-  
25V = 

5V 
400% 

2.5 
•-10 51 

112) pF...... 
2K 10 

0.01 0.05 

PRESSURE 
TRANSDUCER :e 10V D-C 
  2V A-C 

PRESSURE 

TRANSDUCER 5V D-C 
  IV A-C 

PRESSURE 
TRANSDUCER 15V D-C 

3V A-C 

47 

C1 

A R1 

145V D-C 
3V A-C 

150V 

/GEAR TRAIN 

INDICATOR 
REBALANCE 
POT. 

— 30V 

TRANSDUCER SCANNER WITH INDICATORS- on lamp to identify transducer whose output 

Transducers monitored in parallel mode oc- has actuated the servo.-S. Thaler, Solid-State 

tuate a-c servo when any one goes beyond Parallel-Mode Scanner Reads System Physical 
predetermined range. Transistor then turns Parameters, Electronics, 34:19, p 78-80. 

r- /-
TO TRANSMITTER STAGE 

/ FRED TRIPLER REC LOCAL STAGE 

6AK5 
/ / 
/ / 
/ / SERVO - AMPL / SERVO CT 

33 33 / 12AT7 
pF pF 0.01 I5K 0.03 

7-

A- F AMPL 

470 

6A05 
MOD 

0.25 

§T 
6A05 
MOD 22K 
 • Bi- 4-14V D-C +8 

-= B+ B+ 

TWELVE-FREQUENCY SERVO TUNER-Nega- speed is picked off winding of servomotor 

Rive feedback voltage proportional to servo to improve stability in stopping at point 

6405 

TUNING 

13+ 

of zero error voltage in output of 6AL5 

frequency discriminator.- K. Makin° and T. 

Yamanaka, Servo-Tuned Transceiver for Air-

borne VHF Communications, Electronics, 35.1, 

p 82-85. 
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SIG A 

INPUT 

SIG B 

6.19K 

40 'If 

50v 

F -11 

2,000 pf 

100v 

Q2 
2N1719 

:\  
E N 3 

Qi 
2N1721 

0 1 bif 

7.52 150v ---

2 15K 

TI 

1N538 

TI 1NT5I38 
1N538   

L VT 

TI 
1N538 

500 mf 

3.32K 50v 

46.4 1/ 

7.5 S2 

10 17 

  + 70 

e T 2 

• 

g cp 

N, 

Q3 

2N1719 

AA  v v y 
3.32K 

800 2 

7.5-W CLASS 8 SERVO AMPLIFIER—Gives former data is for 400-cps operation.—Texas 

power gain of 45 db. Voltage amplification Instruments Inc., "Transistor Circuit Design," 

is constant within 2 db of 44 db. Trans- McGraw-Hill, N.Y., 1963, p 242. 

R1 

10K 

POWER SUPPLY 

115 v - 60% 
12 WATTS 

CI 
60 

R8 
62K 

R2 
,239K 

0.1 

1 023N 4 78 

FIVE SILICON TRANSISTORS BUILD 15-MV 

SIGNAL 210 V AT 5 W—Nulling amplifier ener-

gizes control winding of servomotor for error-

signal inputs of only few millivolts, using two 

voltage amplifiers, driver, and push-pull 

power output stage.— C. H. Smoot and F. J. 
Karlov, Boiler Control: Simple Controller for 

a Complex Job, Electronics, 37:18, p 88-93. 

150 
R5 
1000 

115 B 

115 A 

R3 
10K 

e 
1A-3AG 

4t- 

TRF-2 

bon. 

60 C/S 

2N548/A 

21,A 8 .1.  O 
115 A 

sR3 " 100 " 500 
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3.32 K 
4-W CLASS 13 SERVO AMPLIFIER—Gives power 

gain of 42 db. Voltage amplification is con-

stant within 2.5 db of 42.5 db. Transformer 

data is for 400-cps operation.—Texas Instru-

ments Inc., "Transistor Circuit Design," Mc-

Graw-Hill, N.Y., 1963, p 241. 

Lr 
-25y iCORE I 

MOTIONI 
250 IMPUT1 C301 

41-
1 

PRECISION EXCITER j_ 
35v 

429 
•20V 

II7V zoo 
DIODE POWER SUPPLY 

INPUT 

RI 
5K 

tool 
-25V   
I L000 

29247 

-  - _  
CONVERSION FEEDBACK AMP 

47 i.tf 
23 v 

2,000 pf 

100v 

E(j,) 

1.47 K 

1 K 

Q2 

2N1718 

1.21 K 

TI 
1N538 

2N1720 

500 
20 v 

Q3 

0.112f 

100 v 

552 

5 

2N1718 

46.4 

2-STAGE AMP 
10K 
-••••  

C5 1 
100 

2 10 
8201 I00K 4.71( 

R5PI2 . 
10 470 5   820R111 PI5 39K Re 

•  

 eVV\.  
3.32 K 

+40 v 

LT2  

3- STAGE AMP I 'OUTPUT 
100 2K -30V IRECTIFIER 

02 2N270 1.5 1119305 03 
HY ' I ell _I 
L3 15° c5D. C 

2N301 
06 

OUT 

IN305 

PK) 

R6 Œ  Ce I -60 DB FEEDBACK I 75 

R3 
100 

INPUT 

DARLINGTON-PAIR SERVO AMPLIFIER—Open-

loop gain of differential forward amplifier 

Q1 through Q8 is over 2,000 and closed-loop 

gain is 200. Signal across output of common-

mode feedback amplifier Q9-010 is different-
ially summed by R21-R22 to cancel a-c com-

ponents, while d-c component is amplified 

and applied to emitters of differential-input 

500 

DIFFERENTIAL-TRANSFORMER TRANSDUCER— 

Detects and responds with 0.1% linearity to 

core displacement. Low-level a-c transformer 

output is converted to 10 to 50 ma d-c 
transmission signal with 1 w maximum power 

by high-input-impedance feedback amplifier. 

Precision exciter consists of constant-voltage 

1-kc oscillator and high-Q swamping choke. 

Gain is stabilized by using separate d-c 

feedback loop for each group of d-c coupled 

transistors.—L. H. Dulberger, Constant-Cur-

rent Technique Cuts Servo Response Time, 
Electronics, 32:28, p 52-54. 

+28V 

OUTPUT 

OUTPUT 

K=X 1,000 

Darlington pair.—M. W. Aarons, Putting a 

Servo Amplifier on a Small Silicon Wafer, 

Electronics, 35:52, p 33-35. 
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Input 1 
O  

3K 12v p-p 

10w 

1N751 

115v 

60 cps 

1N751 

o  
Input 2 

1 9 

6 7 
UTC Type 

HA- 108X 

2S302 

10 0 2S302 2S302 

10 
2S302 

QUADRATURE VOLTAGE REJECTION—Sup-

presses quadrature voltages in servo loops 027 

while delivering in-phase a-c signal. Phase 

reference voltage controls two unmatched REF 

diodes so they conduct only when in-phase IN  
signal component is passing through maxi-

mum and quadrature is passing through min-

imum. Prevents overload of amplifier.-8. 

Fennick, Phase-Selective Gate Rejects Quad-
rature, Electronics, 31:51, p 89-91. 

PRI.CORR.. 5MA D- C 

PR1. IND. ez 1.5HY 

15 

4 

(4) 390 I.5K 

—I— / 4747 
"W. 

0.001 

I T 

—I— 47 
22K 

01 
2N337 

6.8 

68K 

2 

7 

39 2N337 

47 J... 

2.2K = 

7 
10K 

5.1K 

••••,el,  
Re 
I5K 

2-W HIGH-EFFICIENCY SERVO AMPLIFIER— 

Voltage gain with feedback loop is 10,000, 

efficiency is above 50%, and gain changes 

0.1 

2N656 

100 

—I— 47 
1.5K M 

680 

Output load 

1 K 
1 pf 

DIGITAL SERVO MODULATOR—Used to sub-

tract two analog currents of digital-to-ana-

log converter, giving phase-sensitive 60-cps 

square-wave output signal. Modulator is 

driven from 60-cps line to maintain precise 

phase relationship with two-phase servo 

motor. Modulator gives 2.4-my p-p output 

signal for 2-microamp input signal on one 

side, and 1.1 y p-p for 1-ma input signal 

on one side. First output corresponds to least 

significant digit error in Gray-to-binary con-

verter, and latter to most significant digit 

error.—Texas Instruments Inc., "Transistor Cir-

cuit Design," McGraw-Hill, N.Y., 1963, p 492. 

IN645 

04 R1 

2NI048 3.3K 

•N2 R5 Di it 12 CI 
0.0011 15 IN482 470 39 

404 
V 

76V 
RMS 

•  e R3 
3.3K 03 

; R4 
'470 

02 

N3 2NI048 

15 
31, IN482 

C2 _ 
39 -

390 I.5K 

1:1° 

OR 
/180° 

47 R _L 
500 OHMS 1" 

NA".  I . 1 r 
R 7 ± CONTROL PHASE 
47K 2 WATT 

less than 3 db between — 55 and + 125°C. Designing Servo Amplifiers for High Efficiency, 
No center tap is required on control winding Electronics, 36:6, p 62-63. 

of motor.—J. A. Walston and J. E. Setliff, 

Lcr. 
II5V RMS 
400 CPS 

-r 47 
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I47 ,uf 
LT 3 5 v 

Phase 
correct   
z0.1 luf 

12 K § 

7.5 K 

TI 

1 K 
1 w 

TI 2N1050 

470 .(.2 

1N482 15v 

2N1050 

470 ,12 

1N482 

2N656 4.7µf 

+ W 47 Í,2 15v 
TI 

la — 1N482s 
1 47 pf 

+-r 47 i.if 
... 15v 1.3 K -T  15v 
—_— =-- 

T1 
1N538s 

8 2 K 

6-W HIGH-EFFICIENCY AMPLIFIER—Overall 

efficiency is 55%. Design equations are given. 

—Texas Instruments Inc., "Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 249. 

4-12 V D C 

4.8 KC 
REF IN 

COMMON 

—12 V D C 

ERROR 
SIG 
INPUT 

200K 

1N 538's 

1 K 
1 w 

47 i.rf 
T  35 v 

115v rms 
400 cps 

Control phase 

6 watt, 26 volt rms 

Transformers 

T, 400 cps 12- watt power transformer step-down 115 volt to 68 volt c.t. 

400 cps 65- mw driver transformer. Turns ratio N1 : N2 : N3 = 2 : 1 : 1 
Primary current = 10 ma d- c. Primary inductance = 1.5 hy. 

100K 9.1K 

OK 

•9.1K 

2N914 2N914 

3.2 K 

10 K 24K 

75K: 

61( 

114914 

24 K 

75K 

11914 

7.5K 

FILTER BUFFER AMPLIFIER 

4.7 4.7 
r.F e Ti.LF 

2.0V 

FN1034 

2.0V 

FN1034 

33K 

RAY 
FN1034 

1p.F 

4 K< 504( 
6V 

50K 

RAY 
FN1034 

6V 

750 

111458 

2113050 

SYNC CIRCUIT 

+30 V D-C 

2112219 

OUTPUT TO 
SAMPLE HOLD 
DEMODULATOR 

_E-

2N3251 

SERVO FREQUENCY COMPENSATION—Per- nal. Hybrid construction, replacement of enos, The Packaging Revolution, Part VI: 

forms frequency compensation in servo syt- linear circuits with switching circuits, and Converting to Microelectronics, Electronics, 

tern by operating on modulation envelope of substiluiion activc filters for Inrge L-C 39:4. p 103-109 

amplitude-modulated suppressed-carrier sig- filters reduce size and weight.— F. A. Plem-
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•X 1,000 

1N1507 

T2° 

TO 
• OUTPUT 
TRANSISTORS 

6/..f 
30V 

RE 9. IK 01 .02 G.E. 2N656A, 2N2017, OR 2N2108 
03 = G.E. 2N335A, 2N760 

I5K IC I IC2 .10MA. 

C4 . ADJUST TO TUNE T 

400-CPS DRIVER—Uses modified long-tail pair 

to give highly stable gain. Separate emit-

ter resistors improve bias stability. Provides 

push-pull operation.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 222. 

INIS88 

TO ROUGH REG 

WATER-COOLED PVEL 

2N44I 

680 
2N223 220 

200 20 

2N441 

GANGED WITH WATERFLOW INTERLOCK 
FINE SERVO REGULATOR—Used in double-

loop servo system that holds field of large 

electromagnet constant to one part in 

15,000,000. Primary loop or rough regulator 

2N44I 

WATER-COOLED PANEL  

TO OVER- VOLTAGE TRIP COIL 
ON ROUGH REG 

2N223 

A-C 
INPUT 

-A-C 
REF 

+A-C 
REF 

p
+A-C REF 

.__, 

APPROX 
A- C 
REF 

—'1"fs•—• 

IN- PHASE 
LOOP 

QUADRATURE 
LOOP 

APPROX 
A-C 
REF 

APPROX 
90DEG 
SHIFT 

QUADRATURE SUPPRESSION—Two pairs of 
thermistor potentiometers balance the in. 

phase and quadrature components of input 

current, which are in phase and in quadra-

ture with a-c reference of the same fre-

quency, to permit displaying components 

simultaneously on two a-c meters. Circuit and 

values for demodulators and preamplifier are 
same as for THERMISTOR CONTROL circuit.— 

I. C. Hutcheon, Using Thermistors as Servo 

Elements, Electronics, 34:5, p 52-55. 

'°°T 100+ 100.1 .1 4111 •10 
j_ ( 15) 

z 

WATER FLOW 
INTERLOCK 

CHOPPER AMPL 

+OUT 

establishes small region over which fine reg-

ulator operates. Uses 20 paralleled transis-

tors in output stage to regulate by dissipat-

ing some of available power.—A. M. Pat-

GND 
loch, Precision Servo Regulator Controls High-

Power Magnetic Field, Electronics, 33:45, p 
66-69. 

TO ROUGH REG 

0.0005 
SHUNT 

MAGNET 

0-300 

® CI 
10 -1-• 

10K 10 

REF 'I20 
VOLTAGE 
SOURCE 

 AAA 

56K 50 
I/ 
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TRANSDUCER SCANNER—Monitors transducer 

outputs in parallel mode and reports when 

any one of measured parameters exceeds or 

falls below predetermined limit. Superimpos-

ing a-c signal on d-c control voltage permits 

use of a-c servo as indicator.—S. Thaler, 
Solid-State Parallel-Mode Scanner Reads Sys-

tem Physical Parameters, Electronics, 34:19, 
p 78-80. 

 f 

SERVO 
MOTOR 

CLOCKWISE SIGNAL 
COUNTERCLOCKWISE 
SIGNAL 

LOOP 
AMPL IF IER 

VI 

DIRECTION 
INDICATOR 

18 V 
115 CPS 

SPEAKER 

D-

IN FROM 
FINE REG 

K X 1,000 

+ 105 V 

AUDIO 
AMPLIFIER 

VII 
V12 

SERVO 
AMPLIFIER 

V13 
VI4 

30V 

5V 

PRESSURE 
TRANSDUCER 

3V A-C 
I8V D-C 

A 
2V A-C 

 + IL  
47 

IN458 
14  

IN458 
PRESSURE  D-C 

TRANSDUCER g 

V A-C 
6v D-c IN4 470K 58 70V 

PRESSURE 
TRANSDUCER c 

GEAR TRAIN 

INDICATOR REBALANCE 
= POT. 

APAtPL 

V' .IV A-C  „ V' D‘i IV  II Ti 1-* 

6 5V D- C 

MOTOR- DRIVEN 
AUTOTRANSFORMER 

CIRCUIT BREAKER 

1— —OVERLOAD-11 
COIL 

K4 

TO 
OVER-VOLTAGE 

TRIP 
RELAY 

TO LOWER- LIMIT SWITCH 

POWER 
IN 

90 DEG I BALANCED 
PHASER MODULATOR 

250 

V2 
I2AX7 

0.05 

MODULATION 
TRANSFORMER 

+ 210 V 
PHASE 

IN  
VIO 

rVOLTAGE 
AMPLIFIER 

18 V 
115 CPS 

150 1  

680K 

ROUGH SERVO REGULATOR—Drives auto-

transformer to establish narrow range of 

fine regulator for close control of field of 

large electromagnet having 50-kw excitation. 

—A. M. Patlach, Precision Servo Regulator 

Controls High-Power Magnetic Field, Elec-

tronics, 33:45, p 66-69. 

SENSE 
ANTENNA 

TRANSFORMER  17 ANTENNA 

Ai L_ 
ii 
II 
ii 
ii 

0.2 

P 2ND DETECTOR 
1ST AUDIO 

•  

0.01 
680K 

22 K 

Li 
115 CPS FOR 
MANUAL ROTATION 

SERVO AIMS D-F LOOP AUTOMATICALLY— L_ 
Bearing accuracy of 3 deg is obtained over signals derived from balanced modulator and 

frequency range of 190 kc to 2.8 Mc. Error sense antenna are mixed, amplified, detected 

12AT6 

150 

RF 
AMPLIFIER 

1_1. 

V3 

2 ND 
IF 
V6 

MIXER 
V4 

1 ST 
IF 
V5 

by V8, and amplified to drive two-phase 

antenna motor.— L. D. Shergalis, Pleasure Boat 

Electronics Stresses Low Power Consumption, 

Operating Simplicity, Electronics, 35:4, p 20-

21. 
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R1 

3.9 kS2 

cl 
5 p. F 
25 V 

O-1 
INPUT 

R2 
4.7 kS2 

• 

C2 

0.2 p. F 

50 V 

R3 

; R5 

2.4 kS2 

1 W 

• 

D 1 

Q2 
2N3767 

R6 

1.0 S-2 

1N4001 

Q1 
2N3498 

II 500 /IF 

25 V 

R8 

220 St 

R7 = 

1.0 St CA 

Q3 — 0.05 µ F 

2N3767 

• 

co +28 V 

RL 

1.76 kS2 

9 

2 krz 

2 W 

51 S2 

TRANSFORMER-COUPLED SERVO AMPLIFIER Maximum output is 115 V rms into 1,760-

-Three transistors provide stable voltage ohm load, for 7.5 w.—N. Freyling, "High Motorola Application Note AN-225, Jan. 

gain of 40 db and power gain of 37 db. Performance All Solid-State Servo Amplifiers," 1966. 

4.64 K 

Ql 

47 pf 2N343B 
23v 

- IV 

C2 
5 

130 CPS 
FROM -H 
REC 1 

10K 3.3K 

SYNCHRONOUS FILTER FOR ADF—Separates 

130-cps motor drive voltage from voice fre-

quencies in output of adf receiver.—P. V. 

Sparks, Servo Filter and Gain Control Improve 

Automatic Direction Finder, Electronics, 34:23, 

p 110-113. 

0.015 µf 

Q2 

2N1049 

750 2 2,000 pf 

35v 
3.3 pf 

Q3 

2N1050 

TI 

1N538 

TI 

1N538 

TI 

1N538 

Q4 

2N1050 

TI 

1N538 

0.47 pf 

150 v 

0.01 C6 

I 15 

Q2 
2N270 

01 
2N270 

+55v 

RL 

250 SI 

N3 
0 

• 

o 
SERVO 
MOTOR 

TO BAL 
MOD 
IN REC 

130-CPS 
POWER 
OSC 

10-W CLASS II SERVO AMPLIFIER—Gives 

power gain of 39 db. Voltage amplification 

is constant within 1 db of 32.5 db. Trans-

former data is for 400-cps operation.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 243. 
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LOW-POWER DRIVER—Pair of high-voltage, 

high-gain silicon power transistors gives 5 w 

output from —55 to +125°C when driven by 

250-mw 2NI275 transistor.—New High Volt-

age, High Gain Transistors (Raytheon Ad), 

Electronics, 33:35, p 42. 

70V D C 

2.2K 

IN 
 ••••• 1 

II5V f AC  
400M ACC 

0.0047 I5K I5K 

5840 0.033 

0.01 30 
5840 

3301 IM 330 

CHOPPER 
0.33 

D 

4.5 

5902 
E 

100K 11  

RESOLVE 

ELEVATION 
0 I ACTUATOR 

SERVO 
ALIFIL 

0.27 0.1 —  0.33 SERVOMOTOR 

2.5K 5W 
SYSTEM 
SAIN 

PHOTOMULTIPLIER4 

— 
SUPPLY 1000V 

Transformer data 

T1—N1 = 2050 turns No. 35 AWG. N2 = 
N3 = 466 turns No. 29 AWG, bifilar 
wound. Core: Magnetic Metals 75 El, 

SL- 14, or equivalent, butt-jointed. 
T2—N1 = N4 = 90 turns No. 29 AWG. 

N2 = N3 = 433 turns No. 29 AWG, 
bifilar wound. N5 = 303 turns No. 38 
AWG. Core: Magnetic Metals Car-
penter 49, 0.006-in. 375 El or equiva-
lent, 8 x 8 interleaved. 

1.5-W CLASS B SERVO AMPLIFIER—Gives 

power gain of 38 db. Voltage amplification 

is constant within 1.5 db of 40.5 db. Trans-

former data is for 400-cps operation.—Texas 

Instruments Inc., "Transistor Circuit Den," 

McGraw-Hill, N.Y., 1963, p 240. 

AZIMUTH 
ACTUATOR 
SERVOMOTOR 

2 

3 

5 

6 

I I 
 I 
( I 
( I 
I I 

7 

8 

47 µf 
23 v 

(l0) el 
5IK 

MULTIPLIER 
PHOTOTUBE 

IP21 

POWER OUTPUT 5 WATTS INTO LOAD 

SERVO-CONTROLLED GAIN—Gain is con-

trolled by varying photomultiplier input volt-

age, permitting photoelectric system to 

track brightness range from remote stars to 

moon.—W. J. Wickman and M. M. Birnbaum, 

Servo System Design for Balloon-Borne Star 

Trackers, Electronics, 34:35, p 43-46. 

• 

2,000 pf N10 
01 50 v 

1 K 

1.96 K 

Q2 
2N696 

O,   
ice gN3 

Q 
2N1565   

§1.1 K 

TI 
.I1N482 

1,000 tif 
20 v 

46.4 

0.15 j.if 
100 v 

102 

10 

+28 v 

• T2 RL 

N 1 • 364 2 

  C) N5  
fL.TL.3 

N4,2) 

Q3 
2N696 

  A A  

2.15 K 
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R1 
IK 

R2 
IK 

R3 

IK 

64 

IK 

Ry 

IK 

R6 

IK 

67 

IK 

116 

IK 

RIO 
IK 

IK 

4.32 K 

40 izf 
25 v 

177)- + 

2.21 

500 pf 
100 v 

1K 

3.32 K 

- 40 v 

1,000 
25 v 

33.21-2 
1K 

Q4 
2N1722 

or 2N1724 

2.0 jzf I 
100v — 

+ 40v 

RL 
681.2 

É.N3 

Q5 

Q3 2N1722 
or 

2N1720 2N1724 

35-W CLASS B SERVO AMPLIFIER—Gives 

power gain of 45 db. Voltage amplification 

is constant within 1.5 db of 36.5 db. Trans. 

TO CONTROL UNIT +250-V REG 

4 igre K2 K3 Ise K45 V COM   

200K 

PHASE AMPL 

0.5 
30K 69 

TO CONTROL UNIT 

former data is for 400-cps operation.—Texas 

Instruments Inc., "Transistor Circuit Design," 

McGraw-Hill, N.Y., 1963, p 244. 

Ky K6 K7 K4 

\P fV P  4 „ C C 1/ 

 L LT, 

F  -
 „J. PHASE 10K 48K 0.01 

10K 1.40%)( 44t/A, •  

10K 

PHASE 10K 48K 0.01 

FINE AMPL  

PROGRAMMED SERVO—Positions printed-cir-

cuit board in response to controller com-

mands. Component selection and insertion 

1 MEG 
— 250-V RETURN 

IMEG 
5IK 

0.05 

240K:E 

.0.005 

1.2 MEG 

0.5 

4 5691 240K 
.56 Vy 

+250-V 
REG 

240K e el.2MEG 

TO 
6 3VA-C 

11622 (2) 

910 
10K 

K.X 1,000 

ALL RELAYS ARE SHOWN DEENERGIZED 

V4 

5932 

100 

250-V 
RETURN 

vy V6 

5932 5932 

:100 0.5 ICIO• 

T1622 

300-V 
RETURN 

TO 
CONTROL 
CIRCUIT 

V7 

5932 

100 

15K 

+300V 

1( 10 

TO 
6—o CONTFt0L 

CIRCUIT 



COMBINED NEGATIVE-POSITIVE FEEDBACK— 

Two-stage common-emitter amplifier permits 

use of positive feedback to Rf along with 

negative feedback, to give stability factor of 

5 and overall gain of 47 db with input im-

pedance of 10,000 ohms for small-pulse amp-

lification in servo system.—N. A. Wade, Com-

bined Feedback Stabilizes Amplifier, Elec-

tronics, 37:15, p 76. 

Resistors 
R1 
R2, R3 

R4 

R5 
Rg, R12 

R7 

R8 

R9 

R„ 

Parts List 

Ohms Watts 
68 K 1/4 
22 K 
39 
2.2 K 
15 K 1/4 
10 K Vi 
5.1 K 1/4 

100 

Resistors 

R10, R15, R23 
R11 
R13 

R14, R22 
R1g, R21 
R17, R19 

R19, R20 

SERVO CIRCUITS 

Ohms 
1.5 K 

680 
4.7 K 

390 
15 
3.3 K 

470 

*Value depends on primary inductance of T2. 

COMPLETE 2-W SERVO AMPLIFIER— Includes 

direct-coupled preamplifier and driver stages, 

with considerable d-c feedback to stabilize 

Watts 
1/2 

2 

4,750 

57.14, H 

C 2 

0.227 

CI 

0.082 

Transistors 

Qi, Q2 

Q3 
Qge Q5 

e22 K 50 
16 V 

400-CPS SERVO AMPLIFIER SUPPRESSES 

THIRD HARMONIC—Single-transistor opera-

tional amplifier for 400-cps servosystems 

gives accurate 90-deg phase shift at carrier 

frequency and open-loop gain of 34 db. Cir-

cuit resonance at 1,200 cps keeps third 

harmonic 20 db down.—M. Schmidt, Opera-

tional Amplifier Suppresses Third Harmonic, 

Electronics, 35:13, p 74. 

Capacitors Pf 
6.8 

C2, Ca, Cg, Cg 47 
Cs* 0.1 

C7, C11, C11, C1,2 47 
C9, C10 0.001 
C13, C14 39 10 

1) 

653 

+25 V 

15 K 

2N333 

22 K 

—25 V 

115v rms 
400 cos 

Control phase 
2 watt 

Transformers 
2N337 T1 400-cps 4-watt power transformer. 

2N656 Step-down 115-76-volt center-tapped. 
2N1048 T2 400-cps 50-mw driver transformer: 

Turns ratio: NI :N2 : N3 = 3.7:1:1. 
Primary current = 5 ma d-c. Primary 

inductance 1.5 henrys. 

bias conclition›. Voltage gain of amplifier 

with feedback loop closed is 10,000. Overall 

efficiency is 50%. Input impedance is 10,000 

Volts 
20 
20 Diodes 

D1, D2, D3, Dg 1N645 
35 D5, D6 1N482 

ohms and output impecInnce is 150 ohms — 

lexas instruments inc., 'Transisror Circuii De-

sign," McGraw-Hill, N.Y., 1963, p 247. 
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+ 250V 

R3 
100K 

R4 
220K 

SHIELD GUARD 

C3 
0.022 

CHOPPER 

cl 
0.01 

R6 
500K 

R5 C2 

6.8K 6WVDC 
30p., 

>>. R7 
220K 

V2 
6021 

C6 
0.022 

R8 C4„f R9 
6.8K 3°,— 100K 

6WVDC 

PREFERRED AMPLIFICATION-300 PREAMPLIFIER 

—Used with instrument servo motor control-

ler to increase available gain. Chopper is 

used with d-c inputs only.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 73, p 73-2. 

INPUT 

RI 
470K 

CHOPPER 

Cl 
0.01 

+ 250V 

R3 
220K 

• C2 

6.8K 6w pc 
▪ I3Cef 

0.022 

R7 
500K 

C3 

150 W 
12 µfVDC 

OUTPUT 

PREFERRED AMPLIFICATION-15 PREAMPLIFIER 

—Used with instrument servo motor controller 

to increase available gain. Choice of pre-

amplifier depends on error voltage per de-

gree error available. Chopper is used with 

d-c inputs only.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 71, p 71-2. 

OUTPUT 

C5 
12i.Lf 
150 WVDC 

BOOTSTRAPPED EMITTER-FOLLOWER— Band-

width is I cps to 5 kc. Gives stable opera-

tion in servo systems even with positive feed-

back, because loop gain is less than unity. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 217. 

SERVO OUT 

117V 60 (" P'S 

s-A-A-1J 

200 

V7 
5814 

12.M.J7 
r-

47C 

200 6.3V 

470 470 

V8 
5914 
12AU7 

470 

47K 
180K 

=0.022 0.0047 

2 

K x 1,000 

SERVO CUT 

220K V6 
5751 

I2AX7 

220K 

1.5K 

0.5 MEG 

0.01 

0.0d7 

0147 

G4 C 5 

(----)!  
:40 140 

C 3 
R13 
:00K 

1.5K 

2.2 MEG 
 NAA,  

RI0 
2.2 
M..7G 

2.2 MEG 
2 

R12 
470K 

C2 

1( 

TEST SIG 

SIG 114 

60-CPS SERVO AMPLIFIER—Consists of 60-cps 

d-c chopper, two stages of 60-cps voltage 

amplification V6, and 4-w power output 

stage V7-V8 that drives control winding of 

two-phase servo motor. Over-all power gain 

is 80 db.—P. G. Bolko, Infrared Finds Audio 

Suspension Leaks, Electronics, 31:49, p 

82-85. 
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From From 

modulator tachometer 

I: 100 pf 100 /If 
+ + 

470 K 

Adjust for 
optimum 
damping 

 nnA  

6.8 K 

 o + 20v 

2N1565 

+  

IF-

100 mf 

24 K 5 K 

100 µf 

o 
To 

power 
amplifier 

50 K 250 K 100 i.tf 

OPERATIONAL PREAMPLIFIER—Used to sum split-phase motor. Adiustable overall d-c have equal mark-space ratio.—Texas Instru-

modulator and tachometer outputs and pro- feedback insures equal clipping when ampli- ments Inc., "Transistor Circuit Design," Mc-

vide signal for power amplifier that drives fier is overloaded, so squared output will Graw-Hill, N.Y., 1963, p 493. 

C 1 

1 µF 

5 V 
IN°P71111'   

R1 20 kn 

1N4001 
(2) 

2N3904 
(2) 

C2 
— 0.005 p.F 
5 V 

R3 
6.2 kS-2 

R2 

20 ks2 

D4 
C3 D5 50 p.F 
5 V 1 1N4001 
NON- -= (2) 
POLAR 

R7 
12 kS2 

Q5 2N3763 

GROUND 
PLANE 

14 
1 kS2 

+30V 

Q6 2N3741 

OUTPUT 
fo 

IC: 0.25 i.LF 

I2 WR16 51 S-.2 

Q7 2N3767 

-30V 
o 

—L 

COMPLEMENTARY•TRANSISTOR SERVO AM- must be shorted. Will drive 20 y rms into ling, "High Performance All Solid-State 

PLIFIER—Use of direct coupling eliminates 40-ohm loud, &vino 10 w. Voltage gain is Servo Amplifiers," Motorola Application Note 

transformers. For d-c loads, Cl and C3 37 db and power gain is 60 db.—N. Frey- AN-225, Jan. 1966. 
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-6.7v 

5. 6K 156 

0045 

.NPUT 
6.86 

.21 RT3 

01 

-8v -9.5v 

106 
OC 76 
02 

6.86 
100 

2.7K 

2.2K 

276 10K 

IN-
PUT 

IN-
PUT 
2 

471( 

+5.5v 

4.7 K 

0076 
03 0A5I 

+5.5v 

  14v 

6-WATT SERVO AMPLIFIER-Unconventional 

output stage eliminates need for center tap 

on servomotor for controlled winding, gives 

55% overall efficiency.-J. A. Walston and 

J. E. Setliff, Designing Servo Amplifiers for 
High Efficiency, Electronics, 36:6, p 62-63. 

K X 1,000 

INPUT 

100 K 

Cl 
6.8 

02 

1151 

6.8 

RTI 
1.36 1.36 

RT2 

-e-
HEATER 
RT3 / 

OV 

 •---,\An..—)  
6 5.6K 6.8 

4.7 K 

10K 10K 

i I 
4- M6.8Z10 4M6.8Z10 

01 Q2 
NS422 NS422 

820 I.5K 

1 M 
COMMON 

NS422 

68K 

240 

055 

220 

OC/6 
04 

10V 

+28V 

100K 

470 

C3 
3.3 

0.33 

04 
N5422 

THERMISTOR CONTROL-Thermistors RT1 and 

RT2 in series are heated equally under no 

signal. Applying a-c signal increases resis-

tance of one and lowers that of other, de-

pending on phase. 6111 and 02 form a-c pre-

amp. Q3 and Q4 operate in switched mode 

as demodulator. Circuit can be used in place 

of mechanical servo.-I. C. Hutcheon, Using 

Thermistors as Servo Elements, Electronics, 

34:5, p 52-55. 

DIEHL 
NO.79 

47 

05 
11482 

RL11 Fi 
(KEYSTONE) 

07 

11482 

ilSvRMS 
400 CPS 

CONTROL PHASE 
6W 26 V RMS 

141:N2:N3.2:cl 

2NI700 

R4 1-

08 

2NI700 

• 
MOTOR 
OUT 

MOTOR 
OUT 

2 r -C 
MOTOR 

VOLTS 
REF 

h- IN 

50, 60, and 400-CPS SERVO AMPLIFIER- stages to drive two-phase servo motor. Pre- bias against temperature changes.-M. Bed-

Solid-state 10-w amplifier handles all three amplifier and drive stages QI-Q4 are all d-c nor, Versatile Servo Amplifier for 50, 60 or 

power frequencies, operates from 28v d-c, coupled through zener diodes, with d-c feed- 400-Cycle Operation, Electronics, 36:3, p 
and uses four-transistor Darlington output back around all four stages to stabilize 44-45. 
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+28V 

  17:\  

D2 

oN649 

!: R3 

10K: 

C3 R12 

0.0022µF 100K 

STALLED SERVO MOTOR SHUTOFF—Silicon con-

trolled switch 07 In timing circuit turns on 

each time servo motor is actuated, and re-

moves power from motor if it remains on 

more than 15 sec, indicating a stall.— D. Perl-

man, Silicon Switch Turns Off Stalled Servo-

motors, Electronics, 39:10, p 90-91. 

FET SERVO AMPLIFIER—Servo amplifier uses 

medium-power let's for 1.5 w output. Cir-

cuit has no driver transformer for powei 

stage, and only one electrolytic. Power gain 

DIRECT-COUPLED PREAMP—Direct-coupled sil-

icon-transistor amplifier uses zener diode to 

provide constant voltage, and has adequate 

d-c stability even with transistors having 

beta range of 3:1.—A. N. Desautels, Servo 

Preamplifiers Using Direct-Coupled Transis-

tors, Electronics, 32:20, p 74. 

INPUT 

CHOPPER 

0.01 

-1- 250V 

R3 
220K 

R5 — C2 C3 
3S KT 30/Áf I 0.1 

6WVDC 

R8 
500K 

C4 

220112P f 150 WVOC 

PREFERRED AMPLIFICATION-70 PREAMPLIFIER 

—Used with instrument servo motor con-

troller to increase available gain. Chopper is 

used with d-c inputs only. Frequency range is 

380 to 420 cps.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 72, p 72-2. 

+100v 

-20v 
is 70 db, voltage amplification 30 db, input 

resistance 1 meg, and maximum efficiency 

56%.-- L. J. Scvin, Jr., "Field Effect Troo".tor,‘," 

McGraw-Hill, N.Y., 1965, p 100. 

05 
0022 

OUTPUT 



658 SOURCEBOOK OF ELECTRONIC CIRCUITS 

1N759A 

6BK 

COARSE Czt 
IN 
-1/V\r-j 

5.IK 

FINE 
IN 7.5K 

C, 
- 1614f 

Parts List 

• 
71650C 3 ;IF D, 

1.1650C3, Op 75K 

iR, 5k 

2N929 

1N914 

Resistors 

R1 
R2, R3 

R4, R5, R10, R11 

R6, R9 

R7, R8 
R12, R131 R14 
R15 

Transistors 

Ql, Q, Qi5 

Q2, Q4, Q5, Q7 
'23, Q6, Q10, Q13 
Q9, Q14 
Qii, Q12 

PI 
0130 

1N645 

1)7 

QJ 1N914 
2N2411 

4 

Di 

1N751 2N1131 R, 

1N916 

1N914 

0.003 pf 0.003 pf 

Q5 
2N929 2N929 

1N74 / 

en 
Kilohms 6400 cps 
130 ohms error signal 

2 

3 

1.5 

270 ohms 

5 

2N1131 

2N929 

2N24I 1 

2N743 

2N2410 

1301.2 

2N2411 

Diodes 

D1 

D2 
D3, Dg 
D4 
D5, D7, D8, D10 
D6 
D11, D12, D13, D14 

Transformer 

100 

2N929 

1N914 

IN751 
G130 

IN645 
I N759A 

1N914 

1N747 

IN916 

70V 
DC 

2 

o 

4 
Q5 

TI970 

18 0 IC 

30v d c 

C, 
0.15 pf 

R 

TWO-SPEED SERVO-Directly drives size 11 

motor, eliminating need for output transfor-

mer. Zener diodes provide switching between 

fine and coarse signals for two speeds. Max-

imum coarse and fine signal input is 26 

rms at 400 cps. Voltage gain of coarse amp-

lifier Q1 is 25, and gain of feedback ampli-

fier Q2-Q3-Q4-Q5 is 460.-B. E. Orr, Direct 

Drive Amplifier for Two-Speed Servos, Elec-

tronics, 3111, p 146-147. 

© Q8 

2N2411 

QI5 
2N1131 2N1131 

R12 Qi 
270 St 2N743 
 e\AA.,  

2N2411 
C1, QH 

L, 5 µf 

2N2410 

„reertrLiainffl'r-j... 
2N2410 

Q1' 

Reference d o, 
signal d 

1N916 

1N916 

0.15 ¿al 

For operation above 30°C, Q1, Q8, Q11, Q12 and Q15 
must be placed in heat sinks. 
R1 should be adjusted to bring the collector of Qj to + 15 volts. 

Capacitors 

Cl 
C2, C3 

C5, C7 
Ce 

Inductor 

L1 

Step-down 117- 12.6-volt 

16 

0.003 
0.1 

0.15 

5 

3.2 mh 

Miscellaneous 

M 1 John Oster Manufacturing 
Co. type 11-5101-03 

SWITCHING-MODE SERVO AMPLIFIER-Input 

signal is used to control duration of relative-

ly constant repetition-rate pulse signal, to 

give pulse-duration modulation. Repetition 

rate is 10 kc. Switching-mode output stage 

supplies power to control winding of two-

phase servo motor.-Texas Instruments Inc., 

"Transistor Circuit Design," McGraw-Hill, N.Y., 

1963, p 483. 
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PREFERRED RESOLVER DRIVER-A-c operation-

al amplifier is used as isolation amplifier, 

employing feedback that includes compensat-

ing winding of a-c resolver being driven. 

Useful as computing element for coordinate 

conversion, coordinate rotation, and resolution 

of vectors when accuracy of 0.5% is sufficient. 

Component values given are for 500 cps, with 

Mark 4 Mod 0 resolver.-NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube Cir-

cuits, 1963, PC 79, p 79-2. 

R7 

500K 
Unless otherwise 
stated: 
R in ohms; 

C>linpf; 

C< I ini.if; 

L 

RI 
VI 

500K 

INPUT 
03 

R2 10 22 

500K 
R3 R6 c2 

43K ..-. 33K/0 47 

CI -.-, =-
1000 1 

STEP 
FUNCTION 

POTENTIOMETER 

24K 24K 

1 

24K 

é-

I2K 

56K 

47K 47K 

I.2K 

02 
2NI33 

Ki* 

CW 

CCW 

GEAR 
TRAIN 

II5V 
60 CPS 

POWER 
25V 
- + 

R12 

4-250V 

TO 
RESOLVER v 

•flEi 
FEEDBACK 
WINDING 

TO RESOLVER Vo 
INPUT WINDING 

12 AT 7 WA 

ON-OFF RELAY SERVO-Step-function poten-

tiometer provides on-off characteristic of null 

detector. Easily adjusted damping is applied 

through differential relay contacts to elimi-
nate oscillations. Fast response to small ang-

ular displacements assures close following. 

Tapping positive voltage off step-function po-

tentiometer causes current flow through Q1, 

operation of relay K1 A, and upward move-

ment of arms. Negative voltage moves arms 

downward, reversing motor travel.-S. Shen-

feld, Transistors Reduce Relay Servo Size, 

Electronics, 31:33, p 74-77. 

15K 

R1 

150K 

GYRO 
SIG 0.001 
GEN 

K. X 1,000 

2N332 

01 
2N335 

220K 68K SV-Il 

GYRO SIG AMPL 

+20V 

03 
2N343 

-20V 

10V 400.--

LJ 

1N459 

IN 459 
fbs  

11'4459 

1N459 

T2 

I.8CT 

0.015 

CT:8CT 0.015 
T, 

TELEMETRY 

2.7 MEG 

27K 

4-20V 

I MEG 

0.147 

I8K IMEG 

5K 

I8K 410K 

100K 

DEMODULATOR SHAPING NET 

MEG 

200 

200 

IK 

2N335 

2N335 

2N335 

910 2N335 

50K 04 if 
180 

2 5 

+ 20V• 
+20V -20V 

SERVO AMPL 

HYDR-
AUL1C 
VALVE 
COIL 

2N335 

PITCH AND YAW CHANNELS-Identical servo amplifier whose output differential cur- Guidance For Able-Series Rockets, Electronics, 

ripmnrliiInte and shape rent goes to dual-coil hydraulic control vols.:, 33.5, p 60 63. 

gyro signal to feed direct-coupled differential in rocket.- R. E. King and H. Low, Solid-State 
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600 0 
INPUT N 

( TUNED 
CONTROL 
PHASE OF 
SERVO 
MOTOR) 

TRANSFORMER- N1: N2 : N3.1: I: I 
D I, D2, D3, D4 - IN1692S 

PREFERRED PHASE-SENSITIVE NULL DETECTOR 

—Operates d-c relay when sum of input cur-

rents is zero. Circuit can be adjusted for 
any operating frequency from 300 to 1,000 

cps by selection of C5 and C7; values given 
are for 500 cps. Consists of a-c amplifier, 

phase-sensitive detector, and relay control 

tube.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 1963, PC 78, 
p 78-2. 

INPUT OH 

20p.f 

24K 

PREAMPLIFIER 

e 

• 

10K: 

0 1 = 02 G.E. 2N2202 
2N2203 
2 N2204 
2 N 2 196 
2N 2197 
7F 2 
OR 7F4 

R3 R5 
470K L2 M 

VI 
5840 

V-
2 20K 

V2 R 2 
0-eN/V\r-
220k 

R6 
220K 

R8 
0.06e 470K 

4-W SERVO MOTOR DRIVE—Emitter-follower 

(common collector) push-pull amplifier gives 
stable output stage gain along with low-

impedance drive for 1 to 4-w servo motors. 

Forward bias of 1.4 y is developed across D1 

and D2, while D3 and D4 protect transistors 
from inductive load generated voltages that 

exceed emitter-base breakdown. Efficiency 

is better than 60%.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 
p 223. 

+250V DC 

R4 36VAC +_LCI C6 REFERENCE 
3.3K Z 30,LL f 20/1.T R9 

2.2K 

DRIVER 

20 

• 

01 ,02,03,- GE 2N335 OR GE 2N336 

Q4,05,- GE 2N656A OR 2N2017 

06,07,-GE 2N2202, 2N2203, OR 7F3 

2 

OUTPUT 

RI3 
IN 

C7 
470 I  

jKI 
I2417 
WA 

RI4 
2.2K 

NOTES, I. ADJUST RF FOR DESIRED GAIN. 
2. C9 ADJUSTED TO TUNE MOTOR FOR 

MAXIMUM STALLED TORQUE. 0 3. C6 ADJUSTED TO TUNE T1. 

TO 
+50 V PEAK 
UNFILTERED 
FULL WAVE 

RECTIFIED 400 CYCLES 

TO - 50V PEAK 
UNFILTERED FULL 
WAVE 400 v 

T1, - 12.5,1 STEP DOWN( TURNS RATIO) 
DI GEIN676 

COMPLETE 3-W 400-CPS SERVO AMPLIFIER 

—Is capable of driving 3-w servo motor in 

ambient of — 55 to 125°C, if capacitors for 

125°C are used. Gain can be adjusted over 

range of 20,000 to 80,000 amp per amp by 
adjusting RF in driver circuit. Gain varies 

less than 10% over operating temperature 

range.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 225. 
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2 bif 
From 

preamplifier Two-phase I-1)15 v 
0 60 cps mo or 60 cps 

+ 36 v 

560 

oar 

itOGIU.111 

+20v 

2N1565 

3.3 K 

150 
15v 

2K 

2N699 

510U 1 K 5101/ 
30  

200 

1N491 

D, \ 

uil:••• o. 

PREFERRED INSTRUMENT SERVO MOTOR 

CONTROLLER—Used to excite control winding 

of 2-phase Mark 7 Mod 1 and Mark 14 Mod 

0 servo motors. Delivers nominal output of 

I w to loads with effective resistance between 

2,000 and 4,000 ohms. Maximum output is 

50 v. CRI is 75-ma silicon rectifier with 

70-v reverse working voltage.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 70, p 70-2. 

"Mtn, 

• No UNAN St R 

POSITIVE 

14 

A, 

0.T1/0 111 10V  

1. 
Di To' 
—44-4 e0 

INPUT 

100K 

--tg?0%-

4 µf 

2N1719 

VI 

3-W POWER AMPLIFIER FOR SPLIT-PHASE 

MOTOR—Capacitor tunes motor to make load 

more resistive. Feedback is used to lower 

output impedance and thereby improve tran-
sient response of motor. Used in digital 

servo system.—Texas Instruments Inc., "Tran-

sistor Circuit Design," McGraw-Hill, N.Y., 
1963, p 493. 

2N1719 

Transformer: 

Primary 1630 T #35 
Secondary 1020 T #29 Bifilar wound 
Laminations El 75 SL14 5 x 5 interleaved 

11 SI 11 

5840 

+250V 

2.24f C630w1mv.pc 
R3 

C3 + 
4/If 

75 WVDC 

bi— ' I I 
r 0,4 tom— 

I 
READY SIGNAL MODULATOR I ISOLATION PHASE PUSH — PULL 

SHAFT POSITION MODULATOR—Used for mining digito ly encoded master shaft poli- CIRCUITS LEVEL CONTROL SPLITTER 

modulating Qnd mixing I.5-kc data carrier tions over phone Ilne ai 750 bits per sec- Shafts Over Phone Line, Electronics, 32:7, 

and 600-cps ready signal in system for trans- ond.—R. B. Polmiter, Digital System Positions p 62-66. 

177 

CRI 

SERVO 
MOTOR 

FIXED PHASE 
EXCITATION 

a;r:e I 

OUTPUT AMPLIFIER 
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•30v 

e2.rot 

RUMS: 24v .POSTAGE MAW Tlet 
SUCII AS KUONIAN 100M2E-24 OR 

53 POTTER • 0.0.13WIELO lué0O-24 

ERROR 
SIGNAL IN 

CONTROL 
SIGNAL 

OUT 

-15v 

AUTOMATIC SEARCH AND CONTROL—Used 

in servo control systems when automatic 

acquisition and linear search are desired, 

as in afc and phase-lock controls. Basic cir-

cuit was used in phase-lock microwave sys-

tems having 300-kc bandwidth. Active inte-

grator is used as linear search generator as 400-CPS PREAMP FOR TWO-PHASE SERVO design procedure and design equations are 

well as control system integrator.—W. H. MOTOR—Bias point and gain are stable over given.—"Transistor Manual," Seventh Edi-

Schuette, Automatic Search and Control Cir- wide temperature range, from —55 to 125°C. tion, General Electric Co., 1964,1z 218. 

cuit for Servo Loop, EEE, 12:11, p 67-68. No selection of transistors is required. Bias 

INSTRUMENT SERVO CYCLING—Used to cycle 
instrument servo units from stop to stop for 

extended periods of time, as for determining 

wear characteristics and friction level 

changes. Motor drive is applied so servo pot 

arm is driven toward +30 v. When 27-v 

breakdown of D1 is exceeded, it conducts 

and turns on 01; K1 pulls in, energizing K3, 

and motor drive reverses. As pot arm ap-

proaches —30 v, reversing action occurs again. 

—P. J. Stein, Instrument Servo Cycling Cir-

cuit, EEE, 12:9, p 61. 

MANUAL CONTROL 

+250V IN459 

VI 

1 
MEG 

03 

IN472 

MEG 

1N459 + 250V 

180 K 180K 

0.02 D2 lb.04 0.04 0.02 

F41 ) 
1N459 IN459 

1 V Si 

CK 6112 

250 250 

1- 15 V A-C 60-CP- S 
AIDED-TRACKING SERVO—Telescope is posi-

tioned on remote object by radar and then 

directed by operator, who adds corrections to 

22K 

COMPUTER—SERVO AMP 

R9 100K 

100K 

R 4 

I MEG 

Cl 

0.5 

01 . 02.6 E. 2N335,4C30, 
4C31, OR 2N336 

AUISIT ION SIGNAL 
FROM DE MOO 

tracking vector only if tracking rate changes. 

—R. L. Schaum and D. W. Savage, Joy-Stick 32:17, p 87-89. 

K X i,000 

DITHER 

60- CPS 

Control Aids Telescope Tracking, Electronics, 
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2.5MEG 

BRIDGE BALANCER-Reference signal from 

capacitance bridge is transformer-coupled 

into phase-shifting circuit to compensate for 

phase shifts in bridge and amplifier used for 

automatic measurement of dielectric proper-

ties. Sheet beam tubes V3 and V4 provide 

gating action for rebalancing servos.- P. G. 

Frischmann, Measuring Dielectric Properties 

Automatically, Electronics, 33:32, p 56-57. 

CHOPPER 

I MEG 
INDO 

0.01 — 

560K 

3.3K 

 H. 5.6K 

3.3K 

2N336 

100 6.8K 

_-
If 

- 2.2K 

-= 3.3K 
2N336 

SG -22 
+4  
04 

IN705A 
(5V) 

+25V 

2N1233 

2N699 

1N705A 

+30V 

1/2 12AU7 IMEG 

0 001 200 • "1" PF  

TO ANPL AND 
CAPACITANCE SERVO 

- TO AMPL AND DISSIPATION 
FACTOR SERVO r 

V4 GARB 

3.9K I— AC OUT 

10 - 
+ 

0.022 

R11 
39.2K 

R18 
50K 

30V 

FEEDBACK 
D6 CONTROL 

IN705A(5V) 

10 

DC INPUT 
R14 

 AAA  

R16 

PREFERRED AMPLIFICATION-1,200 PREAM-

PLIFIER-Used with instrument servo motor 

controller to increase available gain. Chop-

per is used with d-c outputs only.-NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. I, Elec-

tron Tube Circuits, 1963, PC 74, p 74-2. 

R17 

R15 78.7K 
20.9 K 

c(7,—• 

(7— 

INPUT 

CHOPPER 

CI 
0.0' 

RI 
470K 

ERROR-RATE COMPENSATION AMPLIFIER-

Chopped d-c input is fed to 02 through TI 

and Ql. Base of Q2 is amplifier summing 

point and receives feedback signals. Gain is 

2.73 y rms per volt d-c.-E. R. Schlesinger, 
Aiming a 3-Ton Telescope Hanging from Bal-

loon, Electronics, 36:6, p 47-51. 

+250v 

VI 
1 _46.. 112 

R2 
I PA 

R3 
K 

R4 
220K C3 

0.022 

R6 
500K 

C2 
R5 .1 30,0 
6.8K 6W VDC 

R7 
220K 

V2 
6112 

C6 
0.022 

OUTPUT 

RIO 
470K 

C4 C5 
R8  K i w3ovec R9 K 12„f 
6.8 100 r" 150 WVOC 



CHAPTER 78 

Shift Register Circuits 

SCR AND LAMP DISPLAY CONTENTS OF 

REGISTER—Computer register to be sampled 

is connected to input A, and input B is fed 

with 10-microsec, 12-v positive pulse. When 

output of register is at its low level of 12 v, 

diode D1 conducts but D2 does not, so scr D3 

is nonconducting and lamp is off. When reg-

ister output is high level (ground potential), 

coincident positive voltages applied to base 

of scr make it conduct and turn lamp on.— 

J. J. Collins, Displaying the Contents of a 

Computer Register, Electronics, 37:21, p 72. 

DR AS 
LOW-DISSIPATION 1-MC FLIP-FLOP—Com-

plementary-pair circuit keeps power dissipa-

tion below 2 mw, with standby power of 

only 150 microwatts. Consists of two inter-

connected flip-flops, sharing common diode 

INPUT 
A 

INPUT 

Di 
1N270 

1N270 

-12 -12 

AR DS 
steering network at input. Diodes DI, D4, D5, 

and DB protect emitter-based junctions from 

breakdown and also increase switching speed 

by clamping back bias levels at base of 

transistor. May be used for binary opera-

TYPE 
330 
LAMP 

E0 

POINT FUNCTION 

Vcc 6V 

T & F OUTPUT 

f a f CONNECT TO 
T AND F 
FOR BINARY 
OPERATION 

DS DC SET 

DR DC RESET 

DS a DR CONNECT 
TO GROUND 
FOR BINARY 
OPERATION 

AS AC SET 

AR AC RESET 

1.01 a 02: 
SELECTED 
2N3251. 

2.03 a oc 
COMPLEMENT 
TO 2N3251 

3. DI- 08: 

tion, as scaler, or as shift register.—M. E. 

McGee and J. H. Wujek Jr., One-Megahertz 

Flip- Flop Saves Standby Power, Electronics, 

39:12, p 106-107. 
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I- PPS 
CLOCK 
INPUT ,•11 

14 

SHIFT 
PULSE 
GEN 

LIFT OFF , 
SIGNAL —' 
INPUT 220 

/7v +20 

FROM RIG NO.1 

2N697 

RESET 
GEN 

FROM RING NO.2 
0  FROM RING NO.3 

82K +20V 

04<08 

+6V 

+I8V 

OUT A 

GND 

9V 
8.25K 8.25K 

1.21 K 

IN A 

STEER A 

TRIG   

STEER 8 

CR2. 

I.78K 120 pF 

1CR 4 

1.78 K 

MICROMODULE FOR 1.6-MC CLOCK RATE-

Flip-flop arrangement of two standard gates, 

with capacitor- resistor-diode gates tied to 

bases for trigger input, operates under worst-

%C.; 
FROM RING NO.2 

• FROM RING NO.3+20V 

o 82K 

N
G
 
N
O
.
3
 
O
U
T
P
U
T
S
 

  F F,Gon RING NO.; 
— r ROM RING NO.2 
— FROM RING NO.3 
u. +20V a. 
0 82K 

P0101 NO. - P0101  NO2 • P0 101 NO '9, 
-8V -...- TRIGGER OUTPUTS TOv _ET-1 'RONIC SWITCHES 

2,000-SEC COUNTER-Up to 20 and gate in-

puts can be supplied by each closed ring 

element. 1-pps clock triggers operate 2,000-

sec counter pulse generator using unique 

magnetic shift register elements.-.I. H. Por-

ter, Miniaturized Autopilot System for Mis-

siles, Electronics, 33:43, p 60-64. 

Q2 
2N9l4 

OUT 8 

case temperature conditions with two stan-

dard gate loads.-A. S. Rettig, Computers in 

the Front Lines: Micromodules Make it Possi-

ble, Electronics, 36.1, p 77-81. 

o 

Q2 

2N335 

L
IC)OPF SHIFT 22K 

PULSE 
GEN 

-8V 

420V 

400-CPS 
SQUARE-WAVE 
INPUT 

+20 

47K 

I- PPS 
OUTPUT 

_I— +20 
220 ilL) 

Cs! 

'22K 
47 

-8V 
RESET = 
GEN 

+20V 

10K 

2NI132 

10K 

2.2K 

RING 
NO. 2 

47 NO.3 

47K - 5I0pF -- 510pF 

2N335 

510 re 

03 

PD101 

+20V 

10,0 

RING 
NO.1 

RING NO.4 

82K 1 510pF 

1-PPS CLOCK GENERATOR-Uses unique 

magnetic shift register in which elements 

are connected in rings, with output of last 

element connected to input of first. Each 

ring has own driver, all operated from same 

400-cp pulse generatur.-J. H. Poi-ter, Min 

iaturized Autopilot System for Missiles, Elec-

tronics, 33:43, p 60-64. 

82K 
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+ 45 

SHIFT 
INPUT 

03 

ALL DIODES 
it./480 

K-X 1,000 + 22 

STAGE A 
+45 

IK 3,3K 

INPUT 

STAGE B 
+22 +22 +1.5 +45 + 22 

1.8K 56K 

100K 

1.8K 

OUT 

3Orce 

-6 

SELF-INDICAT'NG REGISTER—Combines two 

self- indicating flip-flops with r hase splitter 

that converts single-polarity shift pulses to 

positive and negative-going pulses for all 

10V 

stages. Indicator triodes are Amperex 6977. 

—H. Rodrigues de Miranda and I. Rudich, 

Indicator Triode for Direct Data Readout, 

Electronics, 33:6, p 52-54. 

1200 S? 

2N396A 2N396A 

9.IK 

2.2K 250 pf 250 p f 2.2K 

ICE E 
INPUT 0  

CE D 
 -0 

INTERCONNECTION AS COUNTER 

°— 

C E D — 0— 
A e 
CED 

A 
CE 
o 

O  

—o— 

 TRIGGER 
INTERCONNECTION AS SHIFT REGISTER 

500-KC SHIFT REGISTER— Basic nonsaturated 

flip-flop, using 52-step design procedure 

given, serves as building block for 500-kc 

counter and shift register.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 190. 

75 14 

e, 

SYMMETRICAL SATURATED FLIP-FLOP— De-

veloped for inexpensive 2N711 germanium 

pnp mesa switching transistors, to serve as 

building block for high-speed computer ap-

plications. Two or more flip-flops can be 

cascaded to form counter, or used as shift 

register by separating inputs. Close regula-

tion is required for 6 y supply.— P. A. Mc-

Innis, " Low-Cost Computer Circuits," Motor-

ola Application Note AN- 130, Nov. 1965. 

*330 LAMP 
80MA e 14v 

FROM 
PREVIOUS 
STAGE 

SHIFT 
PULSE 

11_ 

.02 

200 52 

INTERRUPTED 
115V 

TO NEXT 
STAGE 

IN 4009 
OR 154154 

BASIC SHIFT -REGISTER STAGE— IF silicon con-

trolled switch stage is off, shift pulse ( less 

than 15 v) will not be coupled to next stage. 

Anode supply is interrupted just before shift 

pulse, to turn off all stages. Stored capacitor 

charge then determines which stages will 

be retriggered.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 432. 
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BASIC BISTABLE MODULE—Can be used os 

flip-flop by connecting 1 to 7 and 4 to 8, 

than using 2 and 5 as inputs and 7 and 8 as 

outputs. Becomes binary counter stage when 

2 and 5 are tied together for same arrange-

ment. Other combinations of connections 

give one-shot mvbr, pulse generator, shift 

register, square-wave generator, or flip-flop. 

—A. I. Perlin, Selective Calling for Data Link 

Systems, Electronics, 33:18, p 108-110. 

▪ V 

820 RI e240 

IN 

._L 7 5p F 02 

01 
2N7Il 

2N7Il 0 0 

TD 

÷ 

OUT 

240  GND 

 BIAS 

SHIFT 

DI X4650 

—3V 

PULSE 
INPUT  
—1.7 V, 
10 NANOSEC 

K.X 1,000 -V 

2.7K 

0.001 

7   

330 ©2N404 

0.001 1N116 

2 — I(  

47K 

+I8V 

INTERRUPTED 
+I5V TO REGISTER 

0.0 AMP MALI 

47K 

SHIFT PULSE LINE TO REGISTER 

A 

150 

33 pF 

75 
• 

R1 
2.7 K 

0.001 

8 

2N404© 330 
4 

0.001 

)1-  5 

47K 

47K 

SHIFT REGISTER DRIVER—Shift pulse input 

saturates 2N2714, depriving Darlington com-

bination of base drive. Resulting negative 

pulse generated on 15-v line is differentiated 

to produce positive trigger pulse at its trail-

ing edge.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 432. 

L5447 PULSE 
INPUT 
—1.7V, 

10 NANOSEC 

PULSE 75 51 pF 

TUNNEL-DIODE SHIFT REGISTER—Incorporates 51 pF T 
tunnel-diode steering by QI and DI. Ti -L 

provides necessary phase reversal.—W. V. •:•• 15V 

Harrison and R. S. Foote, Tunnel Diodes In. REGISTER-DRIVER—Handles 10-nsec pulses for to Faster Computers: Ten-Nanosecond Ampli-

crease Digital-Circuit Switching Speeds, E'er- 50-megupulse computer. Can drive eight 75- fier. Electronics. 35:50, p 39-41. 

tronics, 34:32, p 154-156. ohm lines.—K. H. Konkle and J. E. Laynor, Key 

2N708 

6 

—1.6 V, 
14 NANOSEC 
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_FL 2N2714 

SHIFT PULSE 

pr f • SKC 

pP•15 TO 40/.5 

SHIFTING CIRCUITRY 

IOK 

-Jr: 
4  

RETRIGGERING LINE 

BUILDING BLOCKS— Inductively 

coupled flip-flops are put together to form 

shift register. Both signal and shift pulses 

are positive. Operates reliably over wide 

ranges of input pulse amplitude and circuit 

parameters.—M. M. Perugini and N. Lind-

gren, Recent Progress in Solid State Tech-

nology, Electronics, 33:10, p 39-43. 

SCS SHIFT REGISTER—Shift pulse turns off all 

silicon controlled switches. Trailing edge of 

turnoff pulse is differentiated for turning on 

appropriate stages. 2N2714 will easily drive 

ten scs stages.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 432. 

+6V + 6V 

ALL DIODES N249 
ALL TRANSISTORS 2N247 

TRANSFORMER-CONTROLLED SHIFT REGISTER 

—Can be built to shift forward, backward, 

or in n dimensions. With series of flip-flops, 

stored information can be rearranged arbi-

trarily, in single pulse.—W. M. Carey, Using 

Inductive Control in Computer Circuits, Elec-

tronics, 32:38, p 31-33. 



CHAPTER 79 

Signal Generator Circuits 

OSCILLATOR OUTPUT STAGE-Used with in-

cremental-tuning precision R-C oscillator for 

testing and aligning equipment having sharp 

resonances. Oscillator signal is fed through 

phase splitter V2 to cathode followers V3 

and V4 in push-pull, to provide symmetrical 

output when required. Will feed either 600-

ohm unbalanced load or two 300-ohm out-

puts balanced with respect to ground, with 

10 mw maximum output.-J. H. Reyner, Pre-

cision Oscillator with Incremental Tuning, 

Electronics, 33:16, p 76-78. 

IN FROM 
MULT A sC 
OR B C 

100K 100K 

ID O:. CO a, 
c, ,0  — .n 

-: 
f*, ' 

12k 7.....- 

BAND - '-"-
WIDTH 

Y  ic 
CV 0 

Cv 

-300v 

KrX 1,000 

FROM 
OSC 

+285V +3I5V 
(STABILIZED) 

270K 

4+-0 0.1 
—0-I( 
ork, 

150K 

50K 

MARK- SPACE 
RATIO 

o 5K 

—0— 

LOW — PASS FILT AND AMPL 

+300V  +300 V 
le 5751 5814A I 
o 

e. NE - 2'S 

K 
g 
cc} 

5 MEG 

2.5MEG 
2 0—W.—• 
I MEG 

5 o-•••• 
10 
q 50? K 

GAIN 5751 
't SWITCH 

120K; 

o  

5 MEG 
• 

io , MEG 
MEG ac 

L' --

0.00015 

CV 

  + 300V 

470K 

150K 30 K 

+ 300 V 

1 
MEG 

HUM 
ADJ 

5 MEG 

cr, 

GAIN 11 SWITCH 

+15V 10 

25K MEG 

elSY 

o 
o 

V2 3.3K 0.5 

1/2 12AT7 
0.25 

MEI G 

22K 

AMPL 

t. CV CY 

5751 Qx 

1,1 NE- 2'S 

et2OK 

+300 V 
5751 

000015 

7 
5751 
0A2 

500 
OUT 

o-
BAL 

500 

UNBAL 

OUT 

Kg X 1.000 

SQUARER 

.1 I 
'' TO.001 LIMITER OUT 

± 10 MA 
6136 

_ 

LSe<_ le 

'T 
500 
plj 

150K 30K 

0.00 I 

470K 
o 

0.05 MEG 

470 

8 

MEG 

+ 300V 

, I 
ID > MEG 
MEG HUM 

100 K' ADJ 
t 1,000 

1,000 

T2 

> w 
Mo 
O cr 
o 

o 

AMERICAN 
THERMO-
ELECTRIC 
NO. 17A 

FROM LOW-
PASS Fl LT 
AND AMPL 
CHANNEL 2 

SPECTRUM ANALYZER FILTER-Designed to in analyzer. Thermocouple in squarer has fiers prevent loading of filters.-T. B. Fryer, 

study dynamic data recorded as frequency- time constant of 1 sec so output is filtered Frequency Analyzer Uses Two Reference Sig-
modulated signals on magnetic tape. Filter as well as squared. Outputs cd thermocouples male, Flectronics 32:18, p 56-57. 

circuit values give 1, 2, and 4-cps bandwidth are in series to provide summing. D-c ampli. 
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RIA 

R9 . 1 K 01. 2N2498 

(32,03.2N736 
131,82.120v, 3w lamps 

R3.11K 

R4'3 9K 

139 . 15 K rheostot 

R6 . 33K 
R7.100 K 

R9 . 250K rheostat C6 = 50íf, 15v 

+200 

RIO ' 5.1K 
R11 . 10K 

R12 ' 150K 

R13 . 56K 

R14 .4K potentiometer 

RL > 2K 

C3,4,C5 . 20pf, 15v 

-24 vdc 

R6 

Ci and C2 are o 4- section 
ganged variable oir 

capacitor, each section 
variable from 19 pf to 

425 pf. 
C1 and C2 each consist 

of two paralleled 
sections. 

CI . adjustable trimmer, DI, 02. 0129 stabistors 
e A screwdriver adjustment which needs adjustment only during periodic calibration. • A panel control 

9-180 pf; 

ARCO 463 
.15nif 

RIA . R2 A .44.3K 

RIB . 1:22 9 . 90 K 

RIC R2C' 9°C)K 
RID ' 9 MÛ 

R2D 9.3 kin 

FET WIEN-BRIDGE OSCILLATOR—Used where 

good amplitude stability is required for wide 

frequency variations. Two-stage R-C coupled 

class A amplifier has positive feedback loop 

that causes oscillation, and negative feed-

back loop that stabilizes amplitude of oscil-

lation. Frequency ranges are 20 to 200 cps, 

200 cps to 2 kc, 2 to 20 kc, and 4 to 40 kc. 

—L. J. Sevin, Jr., "Field-Effect Transistors," 

McGraw-Hill, N.Y., 1965, p 113. 

COMBINED R-F AND A-F OSCILLATOR—Used R1 

for checking a-m receivers. Generates r-f at e 100 

0.6 Mc, determined by Li-CI, and relaxa-

tion-type audio output of 400 cps at A.—W. H. E 

Ko, Tunnel-Diode Oscillator Delivers R-F and L o 

Audio, Electronics, 35:41, p 56. 

r I 

1,2 60./8 

CONTRE./1 -91  
+46V1z  

5.6K IX-Y e lyé tl 5.6K 

_ •  , , r», r 7  , , 

+200 

REF 
EXCITATION 

OUT 

4.7K 

6.13K 

VIA 
I/O 60.18 

1K 

IK 

+200 14.4K 

OUAD 
EXCITATION 

OUT 
IS 

1K 

-Y•  
IK 

10K 

NP's 
1K 

048 
1/2 611.18 

10K 

0.1-1,000 CPS DECADE-SWITCHING TWO-

PHASE OSCILLATOR—Simultaneous outputs at 

REFION 

1K 

v A + 200 

1,2 
60.16 

1K 

V511 
1/2 60.)8 

5 

8, 

2K 

Kv 

D-C LEVEL 
BALANCE 

10K 

8+ 
UNREG 

2211 

c, 

4 

u  V2 SCOT 

1/2/-6CO›.7--
-\\ \ 1K 2K 

4+NA/K—Nor-
• , AmpuTuDE 

e231( 25« 

NOTES: rh DENOTES CHASSIS GRoteNo LEVEL 
-1- DENOTES- 55V BELOW rh 

IS 

100 

2 

211 

_t" t !V, 1111 
o 4.40 420 

REF OUT 

1,717 

5.6K 

40 20 

1K 

90 deg phase difference have constant am-

plitudes over entire range. Direct coupling 

between stages avoids phase error.—Y. P. 

TO 
90* LAG 

EXCITATION 

mour-ei 
90° LAG CUT 

 o 

Is 

220 

t DI 
FE1941 

RTO F 
EXCI ATION 

4-200 

+200 

9111 

S25 
SHORTING 
WAFER 
TO CHARGE 1... 
COUPLING CI 

TO V GRID 

75K 51 

9111 +200 

2.211 

: 5 
METER 
CAL 

9111  75K 
" 'S+200 

Yu, Two-Phase Oscillator Covers 0.1 to 1,000-

CPS, Electronics, 36:40, p 27-29. 
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BLOCKING OSCILLATOR 

1100 

Fr6 33K 
4.7K 

SET OCTAVE - 

C C* D D* 

f 10KI e I'I '4 e !'i '''e. r-• 2K 

2K 2K 1K IK 1K IK IK IK IK 1K 

DIVIDER CHAIN B 

180 ji,o F 

-15 TO -22V 

PLAYING KEYS 

E F Fif G e A A* 8 

ALL TRANSISTORS 2N109 OR 2N104 

TONE TIMBRE DEMONSTRATOR-Demon-

strates principles of Fourier synthesis of 

musical tone, for one octave. Lowest funda-

mental is 250 cps. Switches SI, 52, and 53 

add or remove third harmonic, second har-

+280V +350V + 350V 
10K 

0.01 

2MEG 

250K - 3MEG 

SWEEP LINEARITY 

el00 
+ 280V 

R6 

10K 

V3 8 

1/212BH7A 

2MEG 

LINEAR-FREQUENCY SWEEP GENERATOR-

Frequency is swept from 400 to 600 kc elec-

tronically by using reverse-biased pn junc-

tion diode C as variable capacitor in oscil-

330K 

0.0033 

SIA 

16 

+150V 
 I(  

o 
750 

500 

TERNARY DIVIDER 

27K 17K 27K 

0.001 

0.001 

'- 33-
470K 

0-) 3--
0.001 

220K 

3 RO 
HAP 

270 

_ 100K 

0.0025 

CL•C25 

BINARY DIVIDER 
15 TO -22V 

8.2K 

100K I 33K 

0.005 200K 0.1 270K 

0.005 

2 NO 
1 0 0 K HAP 200K FUND. 

1 
0.0O25 

manic, or fundamental components from out-

put signal to change tone quality. Master 
oscillator has range of 1.5 to 3 kc. Blocking 

oscillator Q1 is tuned through one octave by 

varying voltage to which R4 is returned, by 

II-
32 0.025 

 +280V SWEEP 

0.047 CENTER -. 
Ij F. R8 

0.068 10K 

e 2 MEG 
SWEEP OUTPUT 

1/2 12BH7A V. 3A 
1.5K 

100 

2MEG 
SWEEP 
OUTPUT 
AMPLITUDE 

0—)1-
8 

50K 100K 15K I5K 10K 

50K 50K 50K 
100K 100K 1 50K I 50K 1 10K 

1N143 1N143 INI43 INI43 I N143 

5K 5K 5K 5K 5K 

R7 47 

68 100{“LF 

+280V 

1.5K 

25K 

50 

SWEEP 
WIDTH 

+280V 

PS1 V100 

e 5.1K 

25ggF 

I I 24K 

70µF 14gg.F 

MARK =-• 500ggF IIiF 

300g.g.F 

- V5 - 
12A U7 

27K MEG 

$3 

500K 

100 0 
510 

K. X 1,000 

switching resistors in series with playing 

keys.-W. S. Pike and C. N. Hoyler, Synthe-

sizing Timbre for Electronic Musical Tones, 

Electronics, 32:22, p 92-94. 

27K 

0.0011: 

33K 

-15 TO - 22V 
10K 

10K 

OUT 

+280V 

IMEG 8 

+280V 10K 
=8 10K 

1N143 

R9 0.005 
OOK 

- MARKER 
-  WIDTH 

250 12AT7 

+ 280V 

10K 10K 

20K 
100K 

5-40#.F 

10K e200K e 500 

-140V 

500g...F 

150 004 

5. Kr 

500/ceF 

V6 

6AM6 
4tµF 24K 1 

0.001 45/42F 

14/cF 

I IggF TOF 

+280V 
MARKER FRED 

5-100..F 

45m.g.F 

V9 75K 

12AT7 

1N143 
s-) 
150ge 

lator V5. Frequency markers are provided. 

Output is amplified and filtered to give 6 

w into 150 ohms with high purity of wave-

form.-M. M. Brady, Oscillator Design Using 

45g.g.F 

VIO 

6U8 

150 
*-11-• 

10K e FILTERED 

165 O.Ox 1,0OUTPU T 
  K 0 

Voltage-Variable Capacitors, Electronics, 32:34, 

p 38-40. 

75K 
VIA  Il  

50K C2 

OUTPUT AMPLITUDE 
+280V UNFILTERED OUTPUT 

V8 

6L6 

100 

II 

FILTER 

50 
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3 
1284 

OSCILLATOR 
TANK 

TYPICAL VALUES 
FOR 530-1800KC 

LOCK 
PULSE 
IN 

FROM 
NOISE 

ATOR 

220 

VI 
6CL6 

REFERENCE VOLTAGE 
CD- C+ MODULATION) 

-200V 

+300V 

20K 

2.5pF 
II 

5pF FILT 200pF  

 l LX:2_1. 

6AH6 

1/2 5670 

NEGATIVE 
TUNING 
VOLTAGE 

INJECTOR INJECTION  
• 

1/2 5670 

8-1-

 II ' 

CONNECTEOC TO 
CATH OSC BUFFER 

COHO-Connected-cathode coherent oscilla-

tor has compromise between good short-

term frequency stability and good locking 

ability, as required for measuring pulse-to-

pulse phase variation in pulsed r-f systems. 

-R. H. Holman and R. B. Shields, Measuring 

Frequency Stability of Pulsed Signals, Elec-

tronics, 34:16, p 61-65. 

THRESHOLD 

0.05 
10 
--

AMPL 
10 

005 

+E 

AMPL 
7  -E 

050 

050 

5 

AMPL 
e 

40 

10 

R3 
2700 

SAMPLE- AND- HOLD 

1+200V 

INII 

82 
pF 

ouTPur 
MODULATOR WITH FEEDBACK-Automatic 

amplitude stabilization of r-f test signals, 

within 1 db over 1,300 to 1 frequency range, 

is achieved by demodulating r-f output with 

D1 and feeding demodulated voltage back 

to grid Y of differential amplifier V4. Permits 

rapid and accurate response measurements 

over wide range without resetting signal 

level to input of device under test.-A. Fong, 

Feedback Stabilizes Signal Generator, Elec-

tronics, 33:29, p 71-73. 

Rd1 
479 

Vi Ro 470 

Os C1 
Foloo 0.0018 

O' 
2N9I4 

RC2 
470 

R, 
4.7K 470 

Rb 

V C2 

c(2 el A Pt, 

0.0018 F0100 

Q2 
2N9I4 

VALUES FOR 100KC 

SQUARE WAVES FROM MVBR-Use of four 

additional components (two resistors and two 

diodes) with basic free-running mvbr changes 

its output to clean square wave. Operating 

range is from several cps to several Mc.-

R. O. Gregory and J. C. Bowers, Simple 

Square-Wave Generator, Electronics, 35:51, p 

47. 

ABSOLUTE VALUE SIGNAL 
SQUARING 

SIGNAL 
AVERAGING 

I oos 

5 1 
—m--l(--• 

I 0.02 
AMPL 
9 

SPECTRUM-INVARIANT RANDOM FUNCTION 

GENERATOR-Operational amplifiers of ana-

log computer produce periodically stepped 

AMPL 

SHORT-
ING 
BAR 

005 

005 

01 

AMPL 
2 

-200V 

D3 2 

001 

AMPL 
3 

25 

AMPL 

05 

-I-- STEPPED VOLTAGE WAVE 

waves by clipping and sampling raw noise 

signal. Feedback maintains desired power 

density spectrum.-N. D. Diamantides and 

075 I 6 

QUARTER-SQUARE 
MULTIPLIER 

ALL RESISTORS-
MEGOHM 
ALL CAPACI-
TORS - µ F 

-200V 

C. E. McCray, Generating Random Forcing 

Functions for Control-Systems Simulation, 

Electronics, 34:33, p 60-63. 
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CORE SENSE AMPLIFIER-Used in programmed 

digital signal generator in which plug-in 

magnets set up program. Input, nominally 

100 mv, is amplified and clipped before 

it is gated with strobing pulse.-W. D. Woo, 

Novel Digital Signal Generator Uses Mag-

netic-Core Pegboard, Electronics, 35:27, p 

46-49. 

-I0V 

+150V 

I5K 100K 20K lic CD CD 10 0 300K " • 100K ,IDe 
iced 

12407 

0.1  0.01 Vi 0.02 220 
— I(---  

ktiaF 330 
m   'Lei F 

0.1 M V2 0 V3 
I K “-, 

0.1 47K izten 
SCHMITT 320K TO (' 1 k FIRST 

7 

T al 2.5K CARRIER .8MEG TRIGGER 
1K SWITCH DRIVER 

390K 
-150V 

TO V6 

El A 

J_ SECOND 410K 
001 DIVIDER 

600-CPS 
TUNING 
FORK 
2.4K 0.5 

2 3456 7 

GSIOC 

330K 

100 
14/4-F 

68K 820K 

220 

Vs 
12AX7 

THIRD DRIVER 
10K 

0.00 

0.001 470K 20 

 I(   30 THIRD DIVIDER  MEG 
3 

Fed 

390K 

330 GSIOC 

150V 

-150V 

.._TO GRID 
OF V56 

330 
etttF 

I MEG 

PULSE WIDTH 

180K PULSE-WIDTH SESWLEITCCTOHR 
PHANTASTRON 

0.03 

20K 

500 
F IN70 

3K 

V126 I2AU7 
PHANTASTRON 
DRIVER 

100K 

150V 

TIMING SIGNAL GENERATOR-Delivers pulses 

of controlled duration, amplitude, and car-

rier content at 1 pps In channel A and 
either 1 per 5 sec or 1 per 10 sec in channel 

1 MEG 

B 
410V 

470K 
FIRST DIVIDER 
  GSIOC V4 

TO PLATE 
OF VI 

I Œi 
cc 3: 

300K 3, 

0.001 

1.8 MEG 

  +150V 

0.25 
- 12AT7 

eced 
Vio 

FOURTH 
DRIVER 

10K 
390K 

1MEG 

IN 

330K 

VISA 

AMPLITUDE 
20K 

+150VDC 

TO M 

V 12 FM" 
100 
iced 

o N.0  
I/P SEC 
1/10 SEC WI E 

GS IOC 
FOURTH 
DIVIDER 

4 5 6 7 8 9 

1/10SEC I/5SEC 
TIME- RATE 
SELECT 
8 CHANNEL 

-150V 

SECOND 
DRIVER 

  V6 
I2AX7 

470K 

4-150V 

TO VI 

CARRIEJON 
SWITCH 

OFF 

A-CHANNEL 
OUT 

10K 

 -A 

150V 

Bi- 410V 

TO B - CHANNEL 

330 
yied  
PHANTASTRON 

DRIVER 
Vi2e  

PULSE-WIDTH 
PHANTASTRON 

V20  

CARRIER 
MIXER 

V21  

IN 
Vi36 

CATH FOLT-.1 
OUT 
V22  

20 -r 50K 8-CHANts1JEL OUT 

B. Any decimal frequency multiple of 1, 2, at will.-D. E. Minow, Timed-Signal Generator 

or 5 from 100 to 0.1 cps may be obtained. With Flexible Output, Electronics, 32:10, p 

Timed pulse siynuls tun be cenbollod both in 52-53. 

amplitude and width, and turned on or off 
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CIA . Cie . 1,050pF, GANGED WITH C2 . 520pF 

RIA . RIB . 7.5K, 75K, 750K, 7.5M SWITCHED 

R2 . 27K, 270K, 2.7K, 27M SWITCHED 

12-MC CRYSTAL STANDING-WAVE DETECTOR 

—Transistorized crystal oscillator 01 and 

emitter-follower Q2 feed 1 y rms into two 

balanced transmission lines going to stand-

ing-wave detector.-0. C. Haycock, and K. D. 

Baker, Measuring Antenna Impedance in the 

Ionosphere, Electronics, 34:2, p 88-92. 

VARICAP BIAS ---/VV\..  
10K 

CURRENT 
BIAS _J 

0.01 

05 
2 N2219 

7.5K 120 

BUFFER 
SWEEP-FREQUENCY CLAPP OSCILLATOR— 

Tank circuit L1-C1-C2-C3 sweeps frequency 

of transistor Clapp oscillator over range of 

5 to 15 Mc when current through bias wind-

25-280 
pF 

\.:;-, 

3,7.2, 
OR 

12 MC 

el  
X TAL 

100 

C4 

0.01 

 II  

TO 
OUTPUT 
STAGE 

K. X 1,000 

01 
2NI143 

OSCILLATOR 

02 
2N1143 

PRECISION R-C OSCILLATOR—Used in signal 

generator for testing systems by varying fre-

quency over very small limits, as in aligning 

filters having sharp resonance curves. Cath-

ode follower V2 is included in feedback loop 

to reduce loading on bridge network. Covers 

25 cps to 250 kc in four ranges, with incre-

mental control giving increment of 2% 

of maximum frequency in each range.—J. H. 

Reyner, Precision Oscillator with Incremental 

Tuning, Electronics, 33:16, p 76-78. 

0.01 

K= X 1,000 

02 
2NI143 

150 

I2V 

62 

04 
2N22I9 

0.01 
/ 5-15 MC 
% OUTPUT 

7.5K 120 

---
BUFFER 

-18 

0.01 1000 .06 
2NI305 

30K 1 0.1 
AMPLITUDE— SERVO 

ing of Li is varied from zero to 800 ma. Col- Features 3-to-1 

lector voltage is servoed to maintain con- 36:8, p 60-61. 

stunt output amplitude.—R. E. Daniels and 

A. D. Cook, Advanced Clapp Oscillator 

07 

2N1305 

(t7) Q 
  2?4 3 

Dynamic Range, Electronics, 
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CONSTANT-AMPLITUDE SINE-WAVE SOURCE 

—Battery-operated fixed-frequency calibration 

source gives constant amplitude within 1% 

between 0 and 70°C, with less than 1% 

harmonic distortion. Circuit generates square 

wave, then converts it to sine wave in low-

pass filter network. Frequency remains con-

stant at around 850 cps within 4% over op-

erating temperature range.—Constant-Ampli-

tude Sine-Wave Source, "Electronic Circuit 

Design Handbook," Mactier Pub. Corp., N.Y., 

1965, p 166. 

RIA 44 3K 

Ric900K 

ReMEG 

-24V D-C 

SI 

4c, 3 

R2A 44.3K 

R28901--"147 - 1 Ql 
I 2N2498 

0) I 
S1 1 

? 

 I C2 -71̂ C4 

R2c900K 

R2D 9MEG 

C, AND C2 ARE GANGED 4- SECTION 

TWO TONE 
INPUT 

4.06e.H 

+150 

t1.22mA 
-10.6V 

SQUARING AMPLIFIER 
1/2 I2AT7 

2-I4pF 

R6 

33K 

-21.0V 

20»F 

100K 
R4 

3.9K 
R5 

I.5K 

AIR CAPACITORS, VARIABLE 

7+7' 

Ecc 
18 vOLTS 

850 cos 

TREE —RUNNING 

mee(Talc AL 

muLTovIEIRAT0a 

0, AND O. 
EACH 251309 

R12 
150x: 

t 2.4mA 

-2I.6V 

02 03 

°\2N736 2N736 

12.35mA ,, R11 

201,,F 
Rio 
5.IK 20µF 

FROM 19pF TO 425pF EACH. 

12.01 

0. IT01.01 

OSCILLATOR 
DOUBLER 
1/2 6U8 

2-I4pF I 

0.0It 820 

82K 

0.01 

2.5MH R-F CHOKE 

0.01 I 100pF 

0.897 
icH 
+150 

IK 

R, 
330 

R14 

4K1 

50_ 

N. 

MIXER 
6AU6 

tOK --- 

OSCILLATOR 
1/2 6U8 

—41 +150 

1 0.01 

  4.06 
;.#,H 

2.7K -1- 33pF1 

0, 
21.308 

10»I 

20V 

R, 
500 

20 CPS TO 40 KC WITH WIEN BRIDGE— 

Range is covered in four steps. Two-stage 

oscillator is followed by buffer that delivers 

3.5 y to 2,000-ohm load.—V. Glover, Using 

a New Device: Field-Effect Transistor Oscil-

lators, Electronics, 35:51, p 44-46. 

BUFFER AMPLIFIER 
1/2 6U8 

68pF 

2-I4pF 

3.3K 

5.12H 

120K — +300 

REACTANCE 
AMPLIFIER 
1/2 6U8 

3.3K 

5.7Ki 

ot:t  T O.47 

0.01 CARRIER 
(—FREQUENCY 

OUTPUT 

0.01 0.01 T 
+150 

CARRIER SYNTHESIZER—Generates signal frequency tones, for mixing with output of tortion Monitor Checks Linear Amplifier Chu.-
midway in frequency between two input linear amplifier under test.—G. H. Smith, Dis- acteristics, Electronics, 34:27, p 57-59. 
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AT TACK 
CONTROL 
CONTACTS 
ON PLAYING 
KEYS 

ATTACK CONTROL 

tone timbre generator to provide gradual 

attack for electronic music demonstration.— 

W. S. Pike and C. N. Hoyler, Synthesizing 

Timbre for Electronic Musical Tones, Elec-

tronics, 32:22, p 92-94. 

+3 V 

AMPLIFIER—Used with 

El+ 

30V 
SAWTOOTH 
GEN 

01 

ZJ14 

330 

EMITTER 
FOLL 

CI 

50 

5K 

OUT *FERROELECTRIC CAPACITORS 

20ggF 5.6gH 

100-V BIAS =-7 
30-V RIAS SWEEP 

VHF SWEPT OSCILLATOR—Voltage-tunable 

ferroelectric capacitors give tuning ratio of 

about 2 to 1 from 20 to 250 Mc and 1.5 to 

1 from 250 to 400 Mc.—T. W. Butler, Jr., 

Ferroelectrics Tune Electronic Circuits, Elec-

tronics, 32:3, p 52-55. 

FREE-RUNNING 
BLOCKING OSC 

20-40 CPS VARIABLE SWEEP—Used to test 

servos and related equipment. Sawtooth 

03 

2N119 

3.9K +c2 

3.9 K i i° 

BISTABLE 
FLIP-FLOP 

1501 0.01300 1. 1150 K 

PIERCE TETRODE-TRANSISTOR—Tuned to third 

overtone of crystal fundamental. Fifth har-

monic of oscillator is used as calibration 

frequency for c-w receiver of radio direction 

finder.—A. T. Lloyd, Direction Finder Helps 

Recover Discoverer Capsule, Electronics, 34:9, 

p 42-45. 

5 

2N1I8 

V 

waveform developed by unijunction tran- tor.—M. Rosen, Subaudio Swept Signal Gen-

sistor circuit is used to key blocking oscilla- erotor, Electronics, 33:17, p 67-68. 

EMITTER 
FOLL 

IK 

o6 
2N1I8 

FILT 

OUT-
PUT 

1,800 



CHAPTER 80 

Simulator Circuits 

COIL DATA 

OSC 
FREO 
MC 

L1 C4 

AF 

1.14 

1.92 
2.9 

3.82 
e 

150 

BO 
50 

40 

20 

150 
80 
50 

40 

20 

K X 1,000 

SUPPLY 
IN „  

Ri 

SOC 

+ 200V 

PERMANENT 
MAGNET 

/»771 

1M 

2021 — 24X7 

220 K 1 5K 

100K 
0.01 TO 
Ç— COMPUTER 
001 CIRCUIT 

01 

DIFFERENCE 
GRID- CONTROLLED AMPLIFIER 
GAS- DISCHARGE TUBE 

RANDOM-SIGNAL GENERATOR—Signals arise 

from fluctuations in dense layer of positive 

ions near cathode of 2D21 grid-controlled 

gas-discharge tube. Used with computers to 

simulate random action, such as effect of 

120 K 33K 

2 M/ 

VII 

EAU6 

0.001 
2.5 MH 

TRIGGER OUT 

V2 
6A 7 0.001 

470 K 

a5MH 

ICIDPF 

34H 10µH 

V4 
OAu6 

250 K 

wind gusts on controls of airplane.—N. D. 

Diamantides and C. E. McCray, Generating 

Random Forcing Functions for Control-System 

Simulation, Electronics, 34:33, p 60-63. 

OUT 

0.005 

100pF 

— 2.2M 
0.001— 

-1-300 V 

VIO 

, I2AU7 

0.1 

Tp7OK 
10K 

100K 
47K 

ECHO 
RANGE 

PULSE RECEIVER TESTER—Simulates field con- variable time separation. Weak pulse can 

Jitic,ns encountered by pm4e rereivers use be moved through fixed strong pulse * ithout 

in ionospheric soundings, by supplying pow- addition of pulse amplitudes. Uses cathode-

erful pulse followed by weak pulse, with follower mixer pulser and c-w oscillator puls-

6AU6 
.114B 

-26H6 

470K 
IC 

— 12.2M 10K 

10K 

T O.1 

0   - 150 
o  REG 

+300V 

ing a buffer.— K. Perry, Transmitter Simulator 

Tests Pulse and Phase-Path Receivers, Elec-

tronics, 3..4:4 I, p 67. 

677 



678 SO URCEBOOK OF ELEC TRO NI C CI R CU ITS 

-24V 

180 

2N490 

330 

2.2 K 2.2 K 
5.6K 

0.01 

2N404 

=. 3.3 K 

MASTER 
DUTY 
CYCLE 
ADJ 

ADJ 
SHIFT 
WIDTH 

3.3 K 
03 0 

100 

=.> 0.001 

M.P. CLOCK--" 

-24V 

III 

-24V 

I 2 

II 2 

-24V 

I 4 

II 5 

-24V 

I-5 

It 6 

0.001   

N404 2N404 

,J---0V 
L. - -22V 

r- RATE SET BY RI, C1 

2N404 

NO .1 WIDTH ADJ 

22 K 8.2K 2 RA50 K .2 K 3.31( 
5.6 K 

100 

0.015 
2N404 

2N404 2N404 
221( 

22 K 

12 K 

2N404 

22 K 

I 2 K 

12 K 

22 K 

I2K 

24V - 

2.2 K 

AMPL 
ADJ 

2N525 

CONSTANTS 1-5 
USED 
PRODUCE 
900 PPS 

I-4 

010 33K 012 2N40 RC 
4 2.51( 

- NO.2-28 
2N404 2N404 AMPL 

39K 39K 0.005 ADJ 

3.91( 33K 3.9K 

2N525 

M.R 
  AM PL. 

ADJ 7 r 
R0 PAM 
50 K 33 K 

2N404 2N404 2N404 

39K 39K 

0 19 
I 2 K 33 K Q20 

2N404 2N404 2N404 
39 K 39K 

NO.30T.E - 

2N525 

2N525 4.7 K 

-24V 
22 K PAM 

PULSE COMMUTATOR SIMULAT- OR-Used for Magnetic shift register eleme- nts ore used as 
checking telemetry ground station equipment ring counters.-J. Porter, Pulse Commutator 

without wearing out commutator of telemeter. Simulator Uses Magnetic Logic Elements, Electronics, 34:12, p 43-45. 

24 V 

1 

SB 

3.9k OUTPUT RESET 

1.5 K 
SA2 

PDM 

RE 100 _ 
PED ADJ - 

4 1N66'S 

-24 V 

100 

+I 5 0 0 / 5 0 + I 5 0 0 / 5 0 

7 
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WHITE 
NOISE 
SOURCE 
A R 

150K 

L1 

100 ah 

WHITE 
NOISE 
SOURCE 

R14 

150K 
L2 

100 ah 

+15V 

0.1 1K 
R15 RI 

4,7K 

-15V -15V 

-1-250V 
REG 

VIA 
irEAL5 

QUADRATURE 
AMP AND DEI 

12AT7 

1 MF.G 

2.711 

.11 5CK À 75K 
1 

RANGE GATE GEN GATE CATI FCLL 

.50 
470K K 

REG • 

27k 

5,000 ,   SIG GEN 

"F X FOT  Y POT -I- 470 
TH AZIMU PIP GENERATOR 

56K 

Vyy 

0.1 i12AT 7 

o 

41 :17; 

SPIRAL SWEEP SIMULATOR-Does not re-

quire operational radar equipment. Antenna 

signal is obtained from phase shifter and 

sweep amplitude potentiometer that provides 

spiral sweep for target on oscillosope. 

Range is indicated by gating target to cor-

-15V 

R2 

470 

C2 R4 

0.1 1K 

3 
4.7K 

+15V 

R16 

470 

Q2 

07 

7 RIj 0.1 11( 

R21 
82K 

-15V 

01 1K 
R8 

82K 

Vy 
12AT7 22K 

0.i 

1 MEG' 56K 

27K 56R 

Cy 

6AS6 
0.01 

47K 

0.1 

4-12477 

TO CATHODE 
OF 1N131CAR.el 
TUBE 

- 

------"Veri‘C 150K 470K 
TO 3S0-CPS -150V I ;. 

REG  

T  , 

130 _ 

rect radius of spiral sweep. Azimuth is in-

dicated by another gate that limits target 

appearance to correct angle on spiral sweep. 

-J. I. Leskinen, Four Ways to Simulate Radar 

Targets, Electronics, 31:23, p 82-86. 

R9 

I K Ce 

Rn 

- 820 

R22 cg 
1K 

0,25 

05 

R72 

820 

LOW 
FREQUENCY 

m RANDOM 
nI3 NOISE 

C5 

I ' " 
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MOMENTARY 
ACTION 
SWITCH 

6V 

4-300V 

PHANTASTRON 
VI 

6A S6 
V2 
2C SI 

SHAPER 
V3i, V35 

12AT7 

200K 

I5K 70K 

0.01 

SYNC 
IN 

I8K 

15K 

MANUAL s2 
OPERATION 1 2 

'NC. / NO 
o 

Cl 
0.33 

UNLESS OTHERWISE NOTED: 

—c% 

C2 
001 

— I(  

RI 

1.8 K 

3.9K 

3.9K: 

0.01 

10K 

4008i PF 

— H  
200 

GATE GEN MIXER HI OUT 
V4 V5 TO 

5687 6AH6 I- F AMPL 

5IK 160K 500pF 

6.8K 3.9K4~ ,•-1(—• 

30K 

70 

OW OUT 
TO 

PRE I-F 
AMPL 

FROM 
SIG 

0.224150 GEN 

TRACKING 
RATE 

CONTROL 

2,600 
TO 1 
GEARS 

01 
II5V 

oJ 

10K 10K 

2.7K 

R, 
20K 

-150V — VIDEO PULSE OUT 

30CPS 
FROM 

ANTENNA 
SCANNER 

GEN 

RADAR MOVING-TARGET SIMULATOR—Sup-

plies signal having all characteristics of radar 

echo, for testing automatic tracking radars 

under normal and extreme conditions. Phan-

tastron, dual-diode V2, and two-phase motor 

serve as variable time-delay.— K. L. Chap-

man, Moving-Target Simulator Tests Tracking 

Radars, Electronics, 34 13, p 58-60. 

Qi 

2N697 e R4 
J 5.1K 

C8 

0.01 j3 

R6 
390 

PULSE 
GENERATOR 
INPUT 

PULSE 
GATE 

R7 R8 ADJUST 
3.6K 100K 7. C4 

8 

Q2 
2N697 

R9 

e 33K 

R10 

3M 

RESISTANCE VALUES IN OHMS 

CAPACITANCE VALUES IN j.iF 

DIODES ARE TYPE 1N270 
GENERATES 

PULSE OR NOISE 
GEN INPUT 

PREDETERMINED NUMBER OF 

PULSES— Provides group of pulses with fixed 

prr, at touch of switch SI, to simulate target 

returns of various radars. Number of output 

pulses depends on duration of gate, set by 

R8.— L. Turf, Simulator Circuit Generates Video 

or Noise Pulses, Electronics, 39:9, p 78-79. 

Jt 

C7 
033 

-15 V 

0.25M 

R11 

2K 

16 

TO AMPL MOO 
OF SIG GEN 

R15 

43K 

R14 
2K 

04 

2N1131 

05 

2N697 

R16 

5.1K 

17 
15K 

J2 PULSE 
COUNT 
OUT 
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si o, 25443 

TYPICAL VALUES 
FOR 20 ARP 
LCIA0 CURRENT 

SQUIB SIMULATOR—Simulates electrical char-

acteristics of primer or squib of propellant. 

actuated fastener used in missiles and space 

systems for vehicle separation. Has very low 

impedance prior to firing, and infinite impe-

dance after firing. Useful for testing firing 

circuits in laboratory where firing of actual 

squib would create disturbing sound.—C. S. 

Lewis, Electronic Squib Simulator, EEE, 10:9, 

p 24-25. 

RI 

100 K 

10K 

+250 
--• 
V 

+150 V REG 

20K 6112 
Vi 

0.01 

—) 
0.022 

.1  

100K 

MEG 
100 K e•orr"vv'T-• 

100 K 

/  

100K iv.% I 

1 
MEG 

1  MEGS¿ 

.3,300 

270 K 

-150 V REG -150 V REG 

3.3 MEG 

THREE-DIMENSIONAL TARGET SIMULATOR— 

Trigger generator supplies zero time reference 

for ppi and rhi scopes and circuits uf . odor 

simulator. Course generator provides voltages 

MEG 

TO 
ELEVATION 
GATE 

20 K 

+300V REG 

MEG 
_L 

150V REG 

+300V REG 

+ 250 V 

16-BIT WORD GENERATOR—Provides all pos-

sible 16-bit serial binary words at 10-Mc 

rate, to simulate expected input of high-

speed computer circuits. Four identical bi-

nary stages are used in word generator. 

Speed is derived from high-transconductance 

tetrodes.—R. G. Norquist, Testing High-Speed 
Digital Computer Circuits, Electronics, 32:29, 

p 50-51. 

4 150 V 

6111 

V25 

FUNCTION GENERATOR 

+150 V REG 

10K 

0.22 

6111 

V7 

2,2oo 

47K COSINE 

- 150V REG 

6112 6111 
V5 

o 
N 

. 

8 

X 
oc co 

e 

e 
e 
01 
gn 

,o 
m) 
pi 

o tD 

E
2.

0 
M
E
G
 

9
1
K
 

W 
oo 

2 
cn 

e 
o 
IV 

x 

tcf cci co 
0 
. 

x 
e 
co 
co 

e 
o 
o 

e 

8 _ 

FUNCTION GENERATOR 

ALL DIODES 
1N302 

proportional to X, Y, and Z target coordinates. 

Transformation computer with function gen-

erators convertr there into pnlar roordinates. 

Range voltage from computer is compared 

Ve 

2,200 

- 150V REG 

SINE 
47 K 

with linear sawtooth to obtain time delay 

proportional to target range.—J. I. Leskinen, 

Four Ways to Simulate Radar Targets, Elec-

tronics, 31:23, p 82-86. 
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NUCLEAR BLAST SIMULATOR—Uses xenon 

flashtube in double-discharge circuit to sim-

ulate thermal radiation pulse of nuclear ex-

plosion within atmosphere, which rises rapid-

ly to first maximum, declines to minimum, 

rises to second maximum, then decreases 

gradually to zero. Used to evaluate atomic 

bomb alarm systems.—D. J. Baker and D. E. 

Thomas, Nuclear Thermal Pulse Simulator, 

Electronics, 32:44, p 66-69. 

+150 
12p,H)r 

2,400 
pF I 

1 

1 

6AS6V.1 

M70 >-) 
I NPuT 51°PF 

16 K 

50K 

51K 

-150 
GATE IN 
FROM CAT H   
FOLL 
AND DIFF > 3_ 

+6.3   

510 pF 

OOK 
I.2K SLI 

- 

1,000 pF 

510pF 

10.01'Z.: 1.3 M 

1,u.H 
o 2,400 

pF 

pF 

BIAS 
SET 

1,000 pF 

CLUTTER GENERATOR—Simulates radar clut-

ter received by rotating antenna on 550-mph 

aircraft, for checking airborne moving-tar-

get indicator on ground. Clutter is produced 

1'2,400 pF 

o -1-• 2,400 
1 pF 

 JAN 
6AN5VIA 

+10v 

- 10V 

CORE DRIVER—Causes current with fast rise 

and fall time to flow through steering driver 

that has been actuated by outputs of address 

counter used in generating programmed digi-

tal signals for simulation or test purposes. 

—W. D. Woo, Novel Digital Signal Generator 

Uses Magnetic-Core Pegboard, Electronics, 

35:27, p 46-49. 

JAN 
6AN5V/A 

1.5,c4.1-1 

100K 

0.1 

K = X 1,000 

9,940 
KC 

10,030 
KC 

9,970 
KC 

10,090 
KC 

10,150 
KC 

9,910 
KC 

10,060 
KC 

-r- -T- -T- -F -T-

10,180 
KC 

ALL CRYSTALS CR 19/ U 

_L_ _L_ _L. _1_ 
10,120 
KC 

9,850 
C 

10,000 
KC 

9,820 
KC 

9,880 
KC 

CLUTTER >  
OUTPUT 
(TO ADDER)>1 

1JH 

F1,000_ 1,0001 
, pF pF 

• 

1H 
,TUBE 

  ( HEATER_L1,000 ( OF 5) 
i  

PF  

•r. 

AMPL-DRIVER 
12µH 12,e 

510 pF 

 )1  

160K 

by ringing bank of closely spaced crystals Dial, Radar-Return Simulator Tests Moving. 

and allowing resulting frequencies to beat Target Indicators, Electronics, 33:49, p 58-60. 

together to produce jagged clutter return that 

decays with range.—H. Lobenstein and A. R. 
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TEST SIGNAL 

OUTPUT 

SPEECH SIMULATOR—Electron-coupled 1-kc 

Colpitts oscillator is modified to hunt at ap-

proximately 10 cps. Serves as source of fluc-

tuating-amplitude audio tone, to simulate 

speech in narrow spectrum region.—H. 

Schwarzlander, Intelligibility Evaluation of 

Voice Communications, Electronics, 32:22, p 

88-91. 

EXCITER INPUTS 

INHIBITORY + I2V 
INPUT 

NEURON SIMULATOR—Simulates many of 

functions of eye and ear nerve cells. Output 

consists of 6-Mc pulses.— Artificial Neuron 

Uses Transistors, Electronics, 32:7, p 74. 

+,80V 

SYNC 

.1 1.5°0 
_ -150v 

SIIA TARGE RANGE VOLTAGE 

.180v 
4;81:9/ 

270K 

150K 
V,. 
66U6 

AUTO 
-OH  

2041 

o 

68K 

-150V 

1/2 6907 

75K 

60. 

INITIATING 
SWITCH 

RADAR TARGET ACCELERATION SIMULATOR 

—Used for testing radar range tracking sys-

tems. Uses phantastron delay modified by 

adding synchronous-motor-driven capacitor in 

feedback loop to provide target with con-

trolled acceleration. Pulse used to trigger 

phantastron corresponds to radar transmitted 

pulse; second pulse, triggered by trailing 

edge of phantastron square-wave, represents 

+300v +180v 

470K 

+180V 

75 

I/212AT7 

ET 
Moe 

RADAR RANGE TESTER— Dynamic target sim-

ulator independently generates time-delayed 

fixed or moving target pulses for target rates 

+180v 
1/2 6415 

63 

300V 68 

2011 

214 

- - - 1/2 6807 
100 

200 vy 

1/2 6AL5 

60K '2°7WKe 

-150V 150V 

7 

1/2 6A15 

+180V 

10K 

-1 
1/212877 

51K 

100K 

34 
30K 

150K 0.011 — 

-150V 

200 270K 

1/2 6907 

70011 

50V 

OUTPUT 
PULSE 

INPUT 
PULSE 

radar echo. Time between pulses, repre-

senting range, can be set to desired values 

by changing resistance between positive 

sepply and grid and changing capacitance 

between plate and grid of phantastron tube. 

—Radar Target Acceleration Simulator, "Elec-

tronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 171. 

+180V 

1/2 12417 

12K F 1 1,20 

2.26 

+180V 

500 

NOTE: T3 OSC COIL T. COUP COIL WOUND TO DESIRED RADAR I-F 

-180V -180V 
_ 

0.001 

0.001 1  l 
18pF 

5-255P 

above mach 3, for testing range accuracy of 

airborne automatic-tracking rodm.-0. D. 

Mitchell, Simulator Tests Radar Tracking 

3.36 

+0.01 2 II 4 

2K 

0.02 

510 

iN198 

120 

,N,98 0, 1-

=_J 

VIDEO 
PULSE 

I-F PULSE 

0- 6008 
STEP 
MIEN 

, -130y 

Systems, Electronics, 34:8, p 51-53. 
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E 

SI 

R3 

R 6OHMS 

2NI74 IC 
EXPONENTIAL-DECAY LOAD—Used in place 

of a capacitor when large load with expo-

nential decay is required. R1 provides means 

for monitoring current on cro. Article gives 

component values for wide range of decay 

times, from 50 millisec to 1 sec, with initial 

discharge currents of 6.3 to 21.5 amp. Source 

voltage is 28 v.— B. Bever and L. Snyder, 

Transient Load With Exponential Decay, EEE, 

10:10, p 31. 

-110 V 1,000 

NOISE TO 
ADDER 012 

6.3V 
RMS 

IN 25 

470K IM 

f TRIG 

0.005 

K X I 000 

470 --z-- 25 

„IM 1, 6.8K t 
{10K 6.8K 

10K 
0.0257IM 

*--41---4. 

0075 

IONOSPHERIC SOUNDER PULSE SIMULATOR— 

Generates long and short output pulses with 

positive and negative polarities, each adjust-

/0075 

47K 

-12V REG 

02 
I,8K OC71 100K 100K 

+ TRIG OUT 
680 
v."  

3.3K 3.3K 
8 

03 

0077 

POWER 

SUPPLY 

LOAD SIMULATOR— Is more economical than 

large rheostat when testing semiconductor 

power supplies for ripple attenuation and 

output impedance at different values of 

load current. Presents variable load to 30-v 

supply rated at 0.6 amp.— Inexpensive Load 

Simulator, "Electronic Circuit Design Hand-

book," Mactier Pub. Corp., N.Y., 1965, p 165. 

-TRIG OUT w " 
6.8K 

- 50V 

ei. 
+ , 

TRIG — 1 

04 IN 0.015 

0077 

-12 V REG 

able in duration and amplitude. Small pulse 

can be moved through large pulse. Simulator 

is triggered at power-line frequency.— K. Perry, 

6.8K 

10K 
0.005 1M 

05 

0075 

0077 0077 

47K 6.8K 330 

-12V REG 

06 

0075 

_L 

OUTPUT PULSES 

6,8K 

-50V 

NOISE IN 
FROM 

IHOL4 

50 ,-; 

Back-Scatter Simulator Checks Ionospheric 

Sounder Displays, Electronics, 35:25, p 50. 



CHAPTER 81 

Staircase Generator Circuits 

+I5V 

WIDE-RANGE STAIRCASE GENERATOR—Has 

high input impedance and low output im-

pedance, to reduce droop in output voltage 

between pulses. Staircase is generated by 

pump D2-C2, which is boostrapped on out-

put to maintain equal amplitude on each 

step. Circuit values shown give 10 steps 

with 12-v input pulse.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 345. 

SILICON 

CI 
SW1 0.1 

STAIRCASE COUNTER-01-Q2 serve as boot-

strap amplifier for voltage on storage capaci-

tor C2. Each incoming pulse transfers charge 

increment from Cl to C2. Reliable counts as 

large as ten are easily obtained.—N. C. 

Hekimiun, PNP-NPN CIRCUITS' New I rmk 

a Familiar Connection, Electronics, 35:47, p 

42-46. 

SO WAVE :i ll 

C.1 
300 PF 

47K 

C2 

.01 PULSE 
INPUT 

DI - D4 IN4009 

15 SECS 

SWEEP} I TIMIN"ES 4 MIN 
C2 

IN 

- - 150V 

680K 
100 47K 

120K 82K 

39K 4706 

128Y7 

1241.17 

long 

470K 
100 47e 

500e 

V4 V5 
I2AU7 

04210 

-150V 

100K 100K 

+300 V 
REG 

TO 
SWEEP 
OSC 

+300V 
REG 

470 100K 

10-MINUTE STEPPED SWEEP—Provides 

stepped sweeps required for swept-frequency 
ionosondes, with 100-v amplitude. Schmitt 

trigger V3 detects end of rundown and ini-

tiates recharging of CI.—K. Perry, Long 

Staircase Generator, Electronics, 35:35, p 54. 

685 
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SWITCH TUBE 
INPUT FROM 
STRETCHER-
EXPANDER 

cthca 
TTIT I HOLD 
DOTS-
SCAN 
SWITCH 
SI 

VI 
GALS 

+6(10V 

+120V 

SWEEP 
END 

POTENTIAL 
0-50V 
ADJ 

V2 
2D21 
RESET 
TUBE 

V5 —12AV7 

INTEG 
RATOR 
CATH 
FOL 

SWEEP ICENTERING 
CONTROL 

INTEG-
RATOR 
AM PL 

SCAN 
INDI-
CATOR 

+300V 

INTEGRATING 5687 
CAP — CATH 

FOLL 

INTEGRATOR 

+135V 

V7 

DEFLECTION 
-130%. PLATE 

IN 

BLANKING TUBE 

0.4 +130V 

22-1211117 

0.5 Ve 

SW1Ygi 

BLANKING 
INDICATOR 

+300V 
Vi2 

S2 

0.6 

0.9 
-150V 

TIME DELAY 
I CATH FOLL 

2 V9 

HORIZONTAL 
POSITION 
(SWEEP 
START 
DELAY) 

50 S3 
SWEEP 
RATE 

SWITCH 
VIO 

+130V   5651 

71- 211-1-SWEEP GND POTENTIAL 

CONSTANT-VOLTAGE TUBE 

DEPENDS ON POSITION OF DOT- SCAN SWITCH SI 

HOP 
PLATES 
TO CRT 

DOT 
UNBLANK1NG 

  TO CRT 

RUNOUT 
ADJ 

I2AX7 

AS - 150V 
CONSTANT-CURRENT TUBE 

VII 

TO 
STROBE 
GEN 

SAMPLING STAIRCASE—Provides horizontal 

deflection voltage for cri and time advance in-

formation for comparator tube in strobe gen-

erator. Increase of d-c bias superimposed 

on staircase advances start of sampling with 
respect to start of ramp, decreasing ap-

parent time delay in start of d-c 

+6 VDC STAGE 1 +6 VDC 
BINARY NO.1 

45K 

I 100K 
1,0 )0pF 1,000pF 5K 

1 

+6VDC 

CLOCK 

-= 
STAIRCASE GENERATOR—Major modification 

of conventional 64-step voltage staircase 

generator for integrated-circuit construction 

involved dropping supply voltage from 15 

6,500 

45K 

+6 VDC 

45K 

trace. Blanking indicator in staircase gener-
ator is on when screen is blanked. Scan in-

dicator flashes when staircase is sweeping. 

Staircase advances one step for each dis-

played sample.—W. E. Bushor, Sample 

Method Displays Millimicrosecond Pulses, 

Electronics, 32:31, p 69-71. 

STAGE 2 
BINARY 
NO. 2 

II 

STAGE 3 STAGE 4 
BINARY I BINARY 
NO. 3 I NO. 4 

1-11 

STAGE 5 I STAGE 6 
BINARY I BINARY 
NO. 5 I NO. 6 

L L 

1/4M2.0AZ5 

y to 6 y, to cut power drain in half and 
reduce summing resistor network values. 

Circuit uses Pacific Semiconductor PD101 mi-

crodiodes and uncased Fairchild FSP-42-1 

. 500K 250K 

5K 

E0 

transistors.—E. E. Eberhard, Latest Thin-Film 

Circuit Techniques, Electronics, 35:24, p 
37-39. 
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LOW-FREQUENCY STAIRSTEP—Accepts pulse 

input, either random or evenly spaced, and 

produces output utter fixed number of inputs. 

Useful in measuring and recording low-

frequency data. Pulse widths may be 1 

millisec to several hundred millisec. Output 

may have anywhere from 2 to 1,000 steps. 

By making R1 smaller and eliminating R2, 

output becomes sawtooth with 1% linearity, 

variable from 10 millisec to 15 minutes de-

pending on values of Cl and R1.— Low-

Frequency Stairstep Generator and Timing 

Circuit, " Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 144. 

RESET 
SIGNAL 
IN 

15K 

64 STEPS—R-C clock, six binary counters, 

and summing network give repetitive stair-

IN PUT 

RI 

+22 

TO 30V 

CND 
4  

R4 470 

I MEG 

DI 

54  
953C9 

Q I 
2N327A 

R5* 2.2 MEG 

—rrirrr— STAIRCASE 
ADJUSTABLE 
FROM 4 TO 20 
STEPS 

e NOTE: ADJUST FOR OPTIMUM RESULTS 

2N492 

— DIFFERENTIATED 
STAIRCASE 

B2 
•-eD2 

IN I778A 

C2 8pF 
— + 

2.2 K 58 

04 
21.4334 
OR 904 

05 
211334 
OR 904 

OUTPUT 

SEGMENTED-SWEEP DISPLAY—Staircase volt-

age builds up across C2 when pulses from 

02 turn 03 on momentarily. R3 controls 

voltage amplitude of each step. R1 controls 

rate of free-running oscillator tube.— J. E. 

Russell, Ten Signals at a Glance, Electronics, 

37:19, p 54-57. 

TO DIFFERENTIATING 
CIRCUIT 

STAGE 21 STAGE 3 STAGE 4 I STAGE 5 STAGE 6 

case waveform having 64 equally spaced 

potential steps between and including mini-

mum and maximum voltages. Free-running 

utùLlc mvbr (! r....ver left) ownprrites 40-cps 

clock signal. Transistors can be 2N697.-

+I5V DC 

10K 
5V Z A 

E. E. Eberhard, Latest Thin-Filïii Circuit Tech-

niques, Electronics, 35:24, p 37-39. 
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WAVEFORM GENERATOR FOR CURVE 

TRACER—Generates blanking signal at col-

lector of 02 and staircase waveform at emit-

ter of Q4 by charge transfer from C2 to C3. 

—C. J. Candy, Simplified Curve Tracer for 

Transistors and Diodes, Electronics, 33:34, 

p 68-70. 

NEGATIVE - GOING 
STAIRCASE 
OUTPUT 6BF5 

250 

TRIGGER 
IN 

110µµF 
P-STEP-PULSE 
GA N 

-40V 
25K 

25K 
N-STEP -PULSE 

GAIN 

SINGLE STEPS AT 100 KC—Tunnel-diode step 

generator provides single 400-mv steps that 

are fast and free from overshoot, for testing 

wideband systems. Flat top of step, used for 

tests, is 2 microsec long. Step can be trig-

gered with 0.5-v signal at repetition rates to 

100 kc, or can free-run at about 100 kc.—R. 

Carlson, Tunnel-Diode Fast-Step Generator 

Produces Positive or Negative Steps, Elec-

tronics, 34:30, p 48-49. 

CRT 
CATHODE 

43K 

+10V 

10K 

STAIRCASE 
VOLTAGE 

2N223 
0, 

100 

10V 

TWO-SECTION STAIRCASE—Negative-going 
staircase is developed from positive poten-

tial, and positive-going staircase from nega-

tive potential. Output voltage across 150-

mmfd capacitors is 800 I, peak-to-peak, 

enough to drive crt directly.—M. T. Nadir, 

Microsecond Sampler Handles 126 Channels, 

Electronics, 32:4, p 36-39. 



CHAPTER 82 

Stereo Circuits 

9+ 

20 mH 

VI 

1/2 12477 

0.005 

IINPUT 

0.02 

4.7K 

e+ 

1N54I 

.1. 0.005 

V2 0.22 
1/2 I2AT7 

220 
20mH 

IN541 

STEREO 
OMENS ON 

IK   

5.2 mH 0.00397-7,7 

180 
-1  

RIGHT LEFT 
33K 100K 330K 

39K 33K 

0.004 
390K .<c 

0.004 
100K 

I9 KC 
0.01 

1/2 ECH84 
6.3V   

25 A—C 

0.1 

6AU6 

_L 
T ieopF 

38KC 

STEREO BALANCE 

El+ --1AAr--
220K 

STEREO MON 

1/2 ECH84 

AUTOMATIC STEREO SWITCH—Switches f-m broadcasting stereo subcarrier or when sub- matic Stereo, Hi-Fi Earphones, Electronics, 

tuner into stereo mode and turns on indicator carrier comes on during normal f-m broad- 34:39, p 34-35. 

lamp when f-m tuner is tuned to station cast.—L. Solomon, Audio Show Features Auto-

62K 

2N3391 
5µF 

PHONO + 
OR 
TAPE 820K 

22011 

+27 

2N3391 250K 0.25 

BAL 
750K VOL 

EQUALIZING 
NETWORK 

PREAMP MODULE—Bootstrapped enntter-fol-
NAB 

and minimise loading of equalizing nnd tone Solid State Stereo Set Built in Modules, Elec. 

lowers accept high-impedance input signals circuits.—S. Messin and T. E. Nawolinski, A tronics, 38:16, p 88-92. 

22K 

2N3711 

22°K 0.25 
I5K µF 22K -F 

22k 2N3711 

+i TONE 
CIRCUITS 

220K 

2N3711 

39011 

1K 

0.68µF 

220K 0.25 
10K µF 

B+18V 

2N3711 

TO 
DRIVER 
MODULE 

22K 
22011 

100+ 2.7 
µF — 

689 
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5.6K 
0.25µF 

FROM 0.25µF 

RATIO —I 

DETECTOR 

220K 

STEREO MULTIPLEX A-F AMPLIFIER—Provides 

low-frequency phase equalization for the 

A-B channel, using variable R-C high-pass 

filter sections that can be adjusted for cutoff 

between 5 and 25 cps.—Modifying an F-M 

Transmitter for Compatible Stereo Multiplex, 

Electronics, 3428, p 60-62. 

16253 " 

12.6 v 
12•15 

24652 26652 29964 
Per-

a EMPIAAS% ,,, 

1111 

470I, 

25652 

50 50 

101( 

DEEMPHASIS RC 
75K 

MONAURAL 
Nee• OUT 

0.00IµF 

',yews 

STEREO MULTIPLEX F-M SIGNAL GENERA-

TOR—Used for testing and aligning multi-

plex receivers and adapters. Switches per-

AUDIO 
INPUT 

MULTIPLEX 
OUT 

250V 

DUAL-OUTPUT I-F—Final i-f stage of stereo 

f-m set has two outputs, to permit indepen-

dent feed of monaural f- m.-5. Messin and 

T. E. Nawalinski, A Solid State Stereo Set 

Built in Modules, Electronics, 38:16, p 88-92. 

100K 

LOW-FREQUENCY PHASE 
EQUALIZER CONTROLS 

0.5 0.15 0.047 

0.5 0.15 0.047 

150 

26652 F., 24652 

180 TO 190 TO 
•704, 10204F 

7.3 
NN 3.12 

•6 

mit generating L R or L R separately with 

or without preemphasis and inserting or re-

moving SCA 67-kc signal.— S. Feldman, Stereo 

0.22 

1/2 1/2 
---I2AX7 •  

IM 

1/2 
I2AX7 •  

0.22 

-I2AV7 
r-

19ItC PHA SE ADJ 

0.005 

6.8 

1/2 
I2AU7 

-1-250V 

PILOT AD , 

3,46 TO 9 TO 1.66 TO 
SAO 66 1266 22066 

T. 0.00. 0.0022 

rAwAT 

OeiIN 

;20 

29652 

500 <AT 2? 

29652 

OUT 

300 

F-M Multiplex Alignment Signal Generator, 
Electronics, 35:3, p 37-39. 
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F-M STEREO MATRIXING-Matrixing is com-

pletely accomplished before detection. Can 

be substituted for 67-kc rejection filter of 

stereo demodulator. Also provides deempho-

sis.-L. Solomon, Multiplex Adaptors for Com-

patible F-M Stereo Reception, Electronics, 
34:33, p 45-47. 

2 

FROM 
ANTENNA 
SELECTOR 
AND P- I-N 
DIODE 
CIRCUITRY 

L- R 

50 

10K 

100 

AUDIO 
BAL 

IOU 
CARRIER 

680 BAL 

02 
28964 

28652 

II( 2.2K 

4.7K 

28964 

3 

22K 

-10V - 10 V 
I2K 

2.2K ≥ 680 

28964 
06 

+10V 

1,0001 
pF T I5K 

38KC 
INPUT 

 SO WAVE 
-to ADJ 

10V 

04 

28652 

SUPPRESSED 
CARRIER OUTPUT 

560 560 
10K 

22 
100 

SUPPRESSED-CARRIER SIGNAL GENERATOR- pressed 46 db below maximum signal level 

Output of 38 kc, modulated by L-R signal, is for days.-S. Feldman, Stereo F-M Multiplex 

obtained by bias-modulating symmetrical Alignment Signal Generator, Electronics, 35:3, 

stable multivibrotor. Carrier will remain sup- p 37-39. 

1ST. R-F 

0.001p.f 

TR5528 

220K 
4 

AGC FROM 
I- F STRIP • 9  
OUTPUT 0.5p.r.1-* -Law 

-L 
NOTE: 

2.7K 

10001 

2ND. R-F SELECTIVE 
R-F FILTER 

0.001 

TR5528 

AF124 
LOCAL 
OSCILLATOR 

t i (1000 100 0) F_3_ 

0 f 
-L-

= 

27Ki8. 2K 

—3.5 

T  =  

G 
TR5528 

HE. 
0.001 

1 ST -F 
TRANSFORMER 

-2-

220e 

412V 

ALL CAPACITORS ARE pf UNLESS DESIGNATED ON DRAWING 

PET STEREO.FM TUNER-Uses four tuned r-f to fet mixer and local oscillator. Agc volt- drives narrow-band meter amplifier.-F. L. 

circuits, two in Isioli-Gt highly selective band. age for the two gain-controlled fet r-f stages Mergner, P-i-n Diode and FET's Improve F-M 

pass filter, plus two fet r-f stages in addition is derived from fourth i-f stage, which also Reception, Electronics, J9:17, p 114-118. 
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+100V 

MULTIPLEX 
INPUT 

THRESHOLD 
DEI 

47K 

LIMITER STEREO 
CLIPPER SENSITIVITY ADJ. 
DIODES 

STEREO MULTIPLEXER—F-m reception is mon- tion of 19-kc signal provides turn-on voltage 

aural when 19-kc multiplex input is absent to frequency doubler, for stereo.— S. Messin 

or below acceptable power level. Rectifica- and T. E. Nawalinski, A Solid State Stereo Set 

001 

620pF 

+275V 

I/212AT 7 
V2 

1.5M 

f--

470K 

1,0 0 pF 
19 KC 

120 

10K 

10_ 
PF 

910= 
PF 

10pF 
*- 1(  

5 pF 
 1(  

910 —  910= 
pF pF 

6E105 
V6 

100 
Ve. 

IN 

38Kc 

NEON 
STEREO 
INDICATOR 

120K 

NEON 
VOLTAGE 
LIMITER 

LEFT CH 

RIGHT CH 

Built in Modules, Electronics, 38:16, p 88-92. 

470 

IK 

5K 

910-•-
pF 

52F 

6805 
VI 

5pF 100 
 I( - j • w. 

910 — 
pF 

470 0.1 

 1 
10pF 

100K 
6.6K 

i4r 5F 

60V P/P 50 MH 

19.0 KC 
pF 

330pF 
(—*--

042 

ING4 0.01 
0,14 l   

Dz 

1864 

T—  3,900pr 

• 

0.01 

6.2K 

7,50 

EF T68U6 

V3 

2A4P1 e,00K 

120K 

0.1-

56K 

0.01 

560K 

1 0 l< 

270 

  0.01 

o.oi I , 

50K 

100K 

5 pF 

270K 

V4 
564 • 

•en. -
11( 

10K I5K 

10pF 0.01 
 I (— *-1(-

- 

12K 

5 

1N60 

470K 

12K 
•  

0.01 

0.01 

470 

4,800 
= pF 

4.7K 

10K 

— 0.1 

228KC 

1906C 

+275V 

1213H7 
vs 

330 

STEREO MULTIPLEX OSCILLATOR—Output of monostable mvbr V4 to provide trigger pulses, as carrier signals.—Modifying an F-M Trans-

19-kc crystal oscillator is amplified by V2 for for blocking oscillator VS, from which fifth mitter for Compatible Stereo Multiplex, Elec-

pilot subcarrier. Same frequency is doubled and sixth harmonics (190 and 228 kc) are tronics, 34 28, p 60-62. 

by DI-D2, amplified by V3, and shaped by taken and amplified by V6 and V7 for use 
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11.055 MC 
FROM 
TRANS 
EXCITER 

47 

Z2969 22969 

• 

100pF 100pF 

BALANCE 
CONTROL 

COMPACTRON FOR STEREO-Z2969 compac- ceivers to stereo.- L. Dillon, Single Compac-

tron performs functions of two triodes and tron Adapts Receiver for Stereo, Electronics, 

two diodes in circuit for adapting f-m re- 34:43, p 62-64. 

DRIVER-Upper pair of transistors provides 

voltage regulation, filtering, turn-on time 

delay, and decoupling for audio driver tran-

sistors below.-S. Messin and T. E. Nawalinski, 

A Solid State Stereo Set Built in Modules, 

Electronics, 38:16, p 88-92. 

38 V 

TO 

DRIVER 

TRANSFORMER 

FEED BACK 
FROM 

OUTPUT STAGE 

+ 275V I . 
0.01 T 36K 

_ 
0.01-1 

47K 

IN64 330 I 5K 
8.2K 

33 

eio. 

-0.01* 

i .. 

1 

5001 

7-45 
p F, 

7-45 
p F 

-1._ 

500 
*--, 

0.02 

- 
0.01 

11:4 -

e 
IN64 

- IN64 
C 

---..w•-•-r•rv",--•--1(--• 

I t 
11MC 

68PF ± i00 

- 15.5 

100 
K 

p, 

47 

6CL6 

001 

0.01 

330 
(-• 

!•33 
pF 

. 

68N6 

5.5PF 100 

00 

2K 
• An, 

IN64 330 
470 .14, 

6CL6 
. 100 

6CL6 
0.68F = ___ _=..._ 

--- 
__.__.(w\--•--• 

32pH 

820 
pr 

820 
pF 

3 12 
pF 

200 
e 

100K .;, 
--Q*()1 - 

--1 

1 
o.oi I— 

0.01 

---1 

o.oi 

01- 

100K 
0.01-  

11MC 1K 
820 O. 

- 0.01 

220 --- 
47611 OCT 

K 
2 2 97 

DOUBLE SIDEBAND SUPPRESSED CARRIER SIGNAL PLUS PILOT SIGNAL 

75 

11.055 MC 
TO TRANS 
MULTIPLIER 

STEREO MULTIPLEX PHASE MODULATOR-Cir- four-diode ring modulator to which 19-kc carrier frequency as input signal.-Modifying 

cuit serves for frequency-modulating moil, pile sub:arrier 1. nIsn applied. Resultant and i-- Nt Transmiliet for Compatible Sterna 

carrier signal by stereophonic subcarrier in signal is phase-modulated at same 11.055-Mc Multiplex, Electronics, 34:28, p 6U-62. 



694 SOURCEBOOK OF ELECTRONIC CIRCUITS 

CI,C2, 8 C3-1500µ1, 50v. 

+250V 

F ROIA --I 0.1 
F-1,1  
DISC 

R104 
220K 
•••••  

R105 
47K 

I.8V  

5 

C103 
3V 

R108 
47K 

C102 
.03 

  1--e IN 

Rel.( 

impedance, I meg up to 2.5 kc and de-
creasing to 400K at 15 kc, is obtained by 

using bootstropped bias network for Q1 

along with negative feedback.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 272. 

C2 
.05 

IN0-11  

GND0  

R4 
2201( 

/  

R5 
47K 

C3 
3V 

47K 5 

01 
2N3393 

C4 
R6 10 
4JK 3V 

.11. 

I Re 
4.7K 

e R9 
7,330 

+I8V 

6 5V 6.5V 1 214415 

C5 C105 
100—  — ao 
I5V 15V 

RIO 
2 

• 906 6.  
GND OUT OUT GRO 

C104 
10 

0101 
2N3393 

NOTE SELECT R4 AND R104 TO GIVE 13 VOLTS AT EMITTER OF 02 AND 0102 

03 AND 0103-2N2868 OR I IC1536(G E 

STEREO HEADPHONE AMPLIFIER—Will drive 

dyanamic headphones of 75 to 400 ohms 

impedance to power level of 60 mw. Pro-

gram source may be tuner or ceramic car-

tridge. Frequency response is flat within 

0.33 db from 20 cps to 20 kc. High input 

STANCOR 
RT-20I 

CARRIER REGENERATOR 

6AU8 

K.0.085 4709F 

167 Kc 2.32 mH FILTER 

I 2400pF 1.800pF 1.5K 

STEREO AMPLIFIER POWER SUPPLY—Diode 

decoupling provides 80 db of separation 

between two stereo amplifier channels. De-

signed for use with 10-w power amplifiers. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 261. 

DEMODULATOR 

F-M STEREO DEMODULATOR—Signal from f-m tronic switch, while high-amplitude 38-kc 
discriminator is passed through 67-kc rejec- sine wave is applied to its deflection plates. 

tion filter to control grid of 6AR8A as elec- One plate produces mainly left signal, and 

MATRIX 

AND DE- EMPHASIS 

LEFT 

RIGHT 

i,500pF 

other produces mainly right signal. Cathode 

gives balanced L-FR signal.—L. Solomon, 

Multiplex Adaptors for Compatible F-M Stereo 

Reception, Electronics, 34:33, p 45-47. 
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228 KC 
CARRIER 

STEREO 

11( 

632 I ImH 510 
,r,̂ -̂11-• 

155 185pF 
3.6mH 950 608pF 

b J2,480 
• 401µH  

234H 2,847pF - 

1,663 pF 

ç-

2.51 ti 

-I275y 
1K 

0.01 

1 0. 
22K 

430 

120K 5.6K 
6AU8 

1221.01 

V18 

0.1 470K 
IÛû 

0.01 

0.1 

0.I 

0.1 

4 250 

f"-• 
0.01 

2,437, 

950 pF  1,744p1 -  

MULTIPLEX SUBCARRIER GENERA-

TOR-Double-sideband suppressed- carrier a-m 

ANTENNAS 

300 
ohms 

72 
ohms 

13+ 

ANTENNA 
SELECTOR 5000 

Pf 

BALUN 

10000 -

100K 1 5p.h 

22K 

o, 
e 40245 
<12 K 
4 0. 02/.lf 

e!rd 

68K 
82K 

1,000pF 

11( 

IK 

0.1 

+275v 

22K 0.1 

V24 

0.1 1K 

4 220 7K 

•--
50K 

subcarrier generator 

6AU8 

1 .1 

V28 38 KC 

470K 
1  330  0.1 K. X 1,000 

OUTPUT TO 
AUX PHASE 
MON 

0.1 

lit CHARACTERISTIC 

tern is used.-Modifying an F-M Transmitter 

uses inverse feedback for Compatible Stereo Multiplex, Electronics, 
for low distortion. Double-modulation sys- 34:28, p 60-62. 

P- I- N 
DIODE 

bl  

elK 
T  

10 7 Mhz 
JUNES AMPLIFIER -= 

PIN DIODE PROVIDES 120 DB AGC RANGE-

Dynamic signal range exceeds 120 db in 

fully tiunsistuii‘cil fisher 7FM 1000 steren 

set. Will receive signals as low as 1.5 micro-

volts without distortion, yet 0.5-y signals can 

F-M 

AGC FRONT END 

0.02 

I- F 
ATTENUATOR 

1 02 
5E4010 

3 
I 

! 

I 15K 
I TUNING 
I MEIER e.1 
I ADJ100mv I  

be handled without overload or spurious 

response. Solid-state pin diode serves as 

gain-rnntrolled nttenuator. Separate 10.7-Mc 

tuned umpliG., s agc vc,Ituge that, 

along with d-c amplifier, controls pin diode 

I - F STRIP 

270 

4TH 
STAGE 
I F 

100 — 

p-f 

NARROW 
BAND 
METER 
AMPLIFIER 

TO  METER AMPLIFIER 

04 

2N2925 

=TUNING METER 

METER AMPLIFIER 

LIMITER 
AND 

" COUNTER-
DETECTOR 

„  AUXILIARY 
▪ CIRCUITS 

Action of tuned amplifier is delayed until 

antenna signal is 1 mv.-F. L. Mergner, P-i-n 

Diode and UT's Improve F-M Reception, 

Elertronics. 39:17. p 114-118. 



CHAPTER 83 

Sweep Circuits 

Ri 1,800 1,800 84 

108 108 

SAVITOOTH 
OUTPUT 

IN FROM 
YOKE 

A 

ni-L--
u-7  

, 
, 
, 

CONSTANT AMPLITUDE FOR THREE RANGES 

—Multiple-range sweep generator for air-

borne radar provides constant-amplitude out-

put sawtooth, along with fast-rising gate 
pulse or pedestal having duration of saw-

tooth. Linearity is kept within 1% without 

using bootstrap.—H. P. Brockman, Sweep 

Generator Design: How to Keep It Simple, 
Electronics, 33:3, p 92. 

F' 
_ — 15 V 

o entiator-amplifler, high and low-level de- Sweep Alarm, "Electronic Circuit Design 
SCANNER SWEEP FAILURE ALARM—Prevents tector, inverter, and summing and blanking Handbook,' Mactier Pub. Corp., N.Y., 1965, 

burning of phosphor on face of flying-spot generator. All transistors are 2N1302, and p 125. 

scanner if sweep is lost. Consists of differ- all diodes are 1N497.—Flying Spot Scanner 

696 
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KLYSTRON SWEEP—Provides sweep voltage 

for klystron in microwave interferometer 

system, plus vertical sweep and trigger for 

oscilloscope.—H. L. Bunn, Determining Elec-

tron Density and Distribution in Plasmas, 

Electronics, 34:14, p 71-75. 

+6V +6V 

2.2K ALL 
2N438 

(180V) B+ 

6AU4 

2.5K 

27K 

(550V)+HV 

V2 

OUT 

IK 

IN VI AND V2 
ARE 12 AT 7, 

47 — BOTH HALVES 
- IN PARALLEL 

HIGH-SPEED HYBRID BOOTSTRAP—Speed is 

increased because Cc does not have to supply 

charging current for Cs, but only current re-

quired by grid leak resistor; this is small, 

so Cc can be small and easily recharged dur-

ing quiescent period.— F. C. Creed, Hybrid 

Bootstrap Circuits Increase Sweep linearity, 

Electronics, 34:31, p 46-48. 

NOTE: 
V. VERY SHORT 

LEAD 
68 K 

+300V 
32MA 
REG 

2.4 m SEC 
FOR C 0.02 

TRANSISTORS SIMULATE PHANTASTRON— 

Three transistors simulate current-partitioning 

action of pentode vacuum-tube phantastron 

sawtooth sweep generator. Potentiometer in 

bias and feedback circuit can be adjusted 

for either triggered or free-running phantas-

iron sweep.—N. C. Hekimian, Phantastron 

Circuits Using Transistors, Electronics, 34:8, p 

46-47. 

+ 300V 

CW 
FREQUENCY 

082 

680K 100K.? 

0.01 

—2 5965 

-2- 6AL5 

EXPONENTIAL 
SWEEP TO 
HELIX MODULATOR 

NE2 

6U8 

1MEG <390K I ME 
NE2 

r-

6.8 MEG 

0.033 

200 K 

SWEEP RATE 
(1- KMC POSITION) 

7 MEG , 

SCHMITT 

TRIGGER 

MILLER 

INTEGRATOR 
41>• 

LINEAR 
SWEEP— 
OUT 

CATH 

FOLL 

•  + 150 V 

SHF SWEEP GENERATOR—Swept-frequency 

signal source using backward-wave oscillator 

tube offers variable sweep rote in microwave 

region between 8,200 ¡aid 12,400 M. Sweep 

width is continually adjustable from 3 Mc to 

4,200 Mc. May be modulated with either f-m 

or a-m.—D. E. Wheeler and P. D. Lacy, SHF 

Frequency Sweeper Uses Backward-Wave 

Iube, klectronics, 31:1, p 76-78. 
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1.5µ SEC 

+12 V 

INPUT 

;100 K 

DI 

0A156 

TRIGGERED GROUNDED GRID—Triggered lin-

ear sawtooth generator uses grounded-grid 

amplifier, eliminating initial step voltage 

that usually occurs in Miller sweep.—C. Sing, 

Grounded-Grid Circuit Sweeps Better Than 

Miller or Bootstrap, Electronics, 38:6, p 

83-84. 

10K 

TRIGGER IN 

2N338 

3.3K 

200K 

I5K 
0.0005 0.1 

02 

2N338 

2N338 

470K 

R4 

200K 

I5K 

2N338 

I5.6K 330 

R2 
100K 

2N43A 

c 5 V 

TWO-TRANSISTOR PHANTASTRON SWEEP— 

Combined positive and negative feedback 

loops ir, two-transistor circuit give phantas-

tron effect of single pentode with good 

sweep linearity.—A. S. Kislovsky, Sweep Cir-

cuits Using Two Three-Terminal Active Ele-

ments, Electronics, 35:12, p 54-55. 

PNP TRANSISTORS-2N384 
NPN TRANSISTORS - 2N731 

FAST 800 V SWEEP—Hybrid bootstrap ar-

rangement with transistors in cascade gen-

erates 800-v sweeps in either polarity with 

0.15 microsec duration.—F. C. Creed, Hybrid 

Bootstrap Circuits Increase Sweep Linearity, 

Electronics, 34:31, p 46-48. 

05 

2N338 

IX 

R5 

500K 

2N338 

+E 

DI 

1N34A 

4-E2 

R1 

100K 

2N43A 

TAN 
FUNCTION 

OUT 

CI 

0.1 

TANGENTIAL WAVEFORM GENERATOR—Gen- airborne infrared scanner. Ramp mvbr Q5- gential Sweeps for Infrared Mapping, Elec-
crates approximation of tangent function for Q6 and timing mvbr Q1-02 are triggered trafics, 34:41, p 64-66. 

slant-range correction of video signal from simultaneously.—.I. L. Woika, Generating Tan-
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'02 

Ro 

10K 

— 6 V 

GATE 
OUTPU 

Vs 

INPUT 
TRIGGER 

VB 

OUT PUT 
SWEEP 

KsX 000 

DARLINGTON WITH BOOTSTRAP FLIP-FLOP tron.—J. B. Payne III, Voltage-Controlled 

SWEEP—Transistor Q3 in Darlington con- Bootstrap Generator, Electronics, 33:11, p 

nection improves linearity of controllable 177-178. 

sweep comparable to vacuum-tube phantas-

+ GV 

R6 

IOK 

03 

I K 

2 

+ 6V 

TRIGGER 
IN 

FAST-RESET SAWTOOTH—Regenerative pnp-

npn pair in positive-feedback circuit Q1 is 

constant-current charging source for Cl, with 

R2 varying charging rate and free-running 

frequency, which can range from 60 cps to 

1 Mc.— N. C. Hekimian, PNP-NPN CIRCUITS. 

New Look at a Familiar Connection, Elec-

tronics, 35:47, p 42-46. 

TRIODE PHANTASTRON SWEEP—Active ele-

ments V1-V2 serve with isolation diode V3 

to give action of single pentode with good 

sweep linearity.—A. S. Kislovsky, Sweep Cir-

cuits Using Two Three-Terminal Active Ele-

ments, Eicztrznies, 35:12, p 54 55. 

Ebb ,1-400V 

cl 
0.01µF 7K 

C2 
0.01µF 

V2 
6C4 

Rl 

470K 

V3 

6C4 

OUTPUT 

6C4 

""'" 0.01,uF 

FREE - RUNNING GROUNDED GRID — Has period.—C. Sing, Grounded-Grid Circuit 

higher output impedance than other time- Sweeps Better Than Miller or Bootstrap, 

base sweep circuits. Reducing RL increases Electronics, 38.6, p 83-84. 

3i SEC 
4V 

+140 V 
100K 

1/2 ECC8r 
V2 

1,500pF 

1,100 pF 1.68PF 
Tc c,  

1/2 ECC83 
V3 

R 

100 K 

I/ 2 ECC83 
VI 

140 V 
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24V 

P- I0 
POWER 
STA. 

115 VAC 

SWEEP FOR CURVE TRACER—Schmitt trig-

ger produces square wavas to drive power 
switch used for obtaining characteristic 

curves of tunnel diodes in unstable negative-
resistance region.—H. G. Dill and M. R. 

200 200 
1N880 

500 500 

200 200  

I2K 910 1.5K 

2K 
2NI255 

2N1255 

r 
2è) OA 4 

JUMPER 

7- VOLT 
ZENER S-3 
DIODES 

2 
O 

A-3 

A 2 

POWER 
SUPPLY I 
TERMINALS' 
(HARRISON 
MODEL 
8658) 

SLOW SWEEP—Large electrolytic capacitor 
and five senor diodes connected across 

standard transistor-regulated power supply 
give sweep voltage that increases 2 y per 
second, for classroom demonstrations.—M. H. 
Crothers, Added Capacitor Sweeps Power 
Supply, Electronics, 37:17, p 62. 

50 

IN1115 

50 

o 

IN720 

1N720 

2NI229 

56 

470 

5 

Rc 

5 

2N553 

TO 
DIODE 

HOLDER 

Rc 

MacPherson, Tracing Tunnel Diode Curves, 
Electronics, 33:32, p 62-64. 

MODULATOR Cl 

SAWTOOTH GENERATOR 

02 

1-50 0 V 

R10 
1. 1.5 K 

SAWTOOTH VOLTAGE GENERATOR MODU-

LATES KLYSTRON—C2 is charged through R6 
and discharged through Q2 operated in 
avalanche mode. Flyback time of sawtooth 
is about 90 nsec. Sweep rate is 33.3 kc.— 

W. H. Chiles and H. G. Lafuse, Sweeping Car-
rier Signals Through Interference, Electronics, 

37:16, p 94-96. 

FROM 
REPELLER 
SUPPLY 

TO 
REPELLER 

C3 

0.068 
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CND 

_FL 

GND 

SWEEP 
SWITCH 1 

SWEEP 
SWITCH 2 

CHARGING 

INPUT 
VOLTAGE --r-o-§ 25K 

0 1_0 

LJ +24 —24 —12 +45 

R2 
6,800 

1N457 02 
214543 

et 
1H45T 

C1 
1H457 2N495 

I I 1 

tOK 40K 

40K 

40K 

LOG 
SWEEP 

LINEAR 
SWEEP 

LOG SWEEP—Resistance coupling in feed- sweep output. Relay switches between linear 

back loop permits positive-going as well as and long sweep.—J. Curry and W. Sander, 
negative-going waveforms. Circuit gives Bootstrap Generates Logarithmic Sweeps, 

choice of logarithmic, exponential, or linear Electronics, 33:52, p 60. 

+6V 

02 
2N2635 

GATE 
OUT 

r---
  43.5 S 

Cl 

IN 100 pf 

( 

RAMP 
OUT 

12N 

IN662 

—3V 

—3V 

eiN eOUT 

03 
12 2N697( 

820 

THREE-TRANSISTOR PHANTASTRON—Use of 
both pnp and npn transistors gives desired 

current partition, while feedback required 

for sweep generator is provided by poten-

tiometer arrangement at right.—N. C. Heki-

mian, Phantastron Circuits Using Transistors, 
Electronics, 34:8, p 46-47. 

R3 

100 4 
4 

Qi 
2N2635 

D2 

IN662 
C2 
0.01 

68K 1N662 

R5 

300 

SLOPE CONTROL 

R6 
1.2K 

C3 

100 pf 

R9 

9.1 K 

2N708 

I N662 

15V 

R7 

1.5K 

GATE 
OUT _nli° 

—15V 

04 

2 N2635 

WIDTH CONTROL 
0 TO 1-15 V 

connec ing C2 directly to ground. Slope is control voltage is 0.4 y for ramp output 

independent of gain of Q4 and is varied by shown.—G. Marosi, Novel Sweep Circuit Elim-
PHANTASTRAN—Transistorized version of R4 ove, range of 100 to 1. Duty cycle can mates Ramp Pedestal, Electronics, 38:26, 

phantastron eliminates voltage pedestal by be up to 98%. R4 is 1,000 ohms and width p 68. 
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IN 

47 

+HV(550V) 

V 

OUT 

820 

V1 AND V2 

ARE I2AT 7 
BOTH HALVES 
IN PARALLEL 

BOOTSTRAP SWEEP FOR CRO—Hybrid cir-

cuit has high linearity and moderate sweep 

speed.— F. C. Creed, Hybrid Bootstrap Circuits 

Increase Sweep Linearity, Electronics, 34:31, 

p 46-48. 

eirsvoci 
*, 

YOKE COIL Ly 

=—_ 

n I 

aSCR 

11 

C:I. VPER 
DIODE 

CHOKE 
COIL 

SCR HORIZONTAL SWEEP—Scr, fired by trig-

ger pulse at start of retrace, transfers to 

yoke coil the energy stored in 1.27-mfd ca-

pacitor C. At end of retrace, energy transfer 

is completed, damper diode turns on, and 

energy in yoke returns to supply source El, 

vcc +25 •  

4ATE 
OUTPUT 

giving linear sweep current through yoke. 

Scr can be General Electric C35, C36, or C40 

series. Yoke is 200 microhenrys.—T. Tarui, 

New Deflection Circuit Uses SCR, Saves 

Power, Electronics, 36.32, p 56-57. 

S.11( 

3f7 0, 
211332 

INPUT 
0.01 

TRiOGER 

C 

,5.1K 

25K 

C3 
0.1 

3 

0, 19 
1445T ;L3 ___i   

C., 
R, 

+  

OA * 
0 2 

214332Z 114457_ 
i«.— --C1D 0,Q1  2 1.1()333 2 

C 

02 

ir+457 
R2 

10K 

10K e RS 
50x 

VAF:IABLE BOOTSTRAP FLIP-FLOP SWEEP— 

Gives same type of waveform as phantas-

tron. Output pulse length can be varied by 

C. 

Cs 

144 
vl 

5062 
611.121 ,10 

440 1.• 

GCS 
24214 

TWO-TRANSISTOR PHANTASTRON—QI and 

02 simulate vacuum-tube phantastron sweep 

generator. Since input impedance is low, lin-

earity can be improved by using emitter-

follower Q3.—N. C. Hekimian, Phantastron 

Circuits Using Transistors, Electronics, 34.8, 

p 46-47. 

130T 

12 IFRI. 

183 

3000 T 

: 20T 

A Di 
261235 

eiN 

C. e 

+6V 

'SKY 
• TO 

CRT 

TO AFC 
CIRCUIT 

OUTPUT 

SWEEP 

d-c bias or by control voltage.— J. B. Payne 

III, Voltage-Controlled Bootstrap Generator, 

Electronics, 33:11, p 177-178. 

GCS HORIZONTAL SWEEP— Uses gate-con-

trolled switch GCS to replace horizontal out-

put tube in television receiver, and semi-

conductor diode D1 to replace damper. GCS 

can cut off 2.5-amp peak current in 500 nsec. 

—J. W. Motto, Jr. GCS Sweep Circuit, EFE, 

12:5, p 89-90. 

+6V 

eOUT 



CHAPTER 84 

Switching Circuits 

— + 6 CONTROL 

_6 GATE 

FROM 
COINCIDENCE>—a_ 
CIRCUIT c 

0.01 

— + 
\iDEO 
INPUT 

100MFD_ 
6V 1 

so video passes from input to output). Clamp 

VIDEO TIME diode D4 keeps base line of output always 

SHARING—Gate pulse applied to diode DI positive.—T. Vagt, New Light on Air Traffic: 
draws current from RI through DI ( switch Bright Plan Display with Alphanumerics, 

open) or thrcuigh D2 and D3 ( switch closed Electronics, 36:30, p 42-46. 

2N336 

02 

2K IN459 

Di 

IN660 

—36 

R2 

36K 

RI 
D3 

IN459 
24K 

—6 +100V 

2NI67 

R3 

3.9K 

VIDEO 
OUTPUT 

THREE-DIODE SWITCH FOR 

—28V 

R7 

100K 

01 Q2 — 2N1384 

Q 3 — 2N706 

04 05 — 2N699B 

VI V2 — KN2 OR KN6 

R.10 

5.6K 

DRIVER 

0 TO — 4V 

PEDESTAL CONTROL 
680 FROM MCDULE 

T1 — PULSE 
ENGINEERING 
No PE 4774 

0.01 

10-KV SWITCHING CIRCUIT— Cold-cathode 

gas tubes provide reliable switching of high 

voltage to array of spark chumbeis iii bul-

loon-borne equipment. Three-transistor line 

driver can be 10 feet away. Negative pulse 

input to 01 makes 02 and 03 go into re-

generative mode, discharging C4 to turn on 

trigger that applies 500 y to fire pulser.—R. E. 

Daniels and A. D. Cook, Cold-Cathode Gas 

Tubes Switch High Voltage Fast, Electronics, 

37:14, p 72-73. 

—50 V 

HIGH 
VOLTAGE C3 

— TO 
SPARK 
CHAMBERS 

703 
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SCS CONTACT ISOLATOR-Eliminates contact 

bounce in grounded-switch arrangement 

where switch is opened to trigger scs.-"Tran-
sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 433. 

250 pF -15 V 

HIGH-CURRENT HIGH-SPEED SWITCH-Alloy 
junction transistor (2N2648 germanium) has 

useful frequency range up to 10 Mc for 

switching up to 1 amp with gain of 50 in 
0.8 microsec.-Medium Power Transistor Has 

Multiple Uses, Electronics, 36:1, p 132. 

+30 KV 

+ 300V 
TRIGGER 
A_ VI 

5C 22 

D5 
I N461 

D1 
IN461 

+100V 
R4 
18K 

C   

SWITCH CONTROL 

+5V ( Q.1 OFF) 

-1V (010N) 

R2 
199K 

R3 

=. 21)0K 

+I5KV 

100 
MEG 

C2 
500 µµF 

100 
MEG 

50 

15 FT PG 58/U 

12 
MEG 

Ri 
2.5K 

100V 

D7 IN126A 

D4 
IN461 

06 
IN461 

R5 

68K 
100V 

OPERATIONAL AMPLIFIER CONTROL-Switch 

must pass 1 ma in either direction (A to B 

or B to A). Diode pairs DI-D2 and D3-D4 are 

voltage limiters, while QI is basic switching 

element. Switching time is about 2 microsec. 

Used as sample-and-hold circuit, with 500-

microsec sampling interval.-R. W. Maloy, 
Transistor Switch Passes Current Both Ways, 

Electronics, 38:1, p 79. 

SECTION I 
11 GAP) +30KV 

300 
MEG 

I 

300 
MEG 

TRI 1 500 

C3 

500 
µkJ 

12 
MEG 

300 
MEG 
50 

300 
+15 KV MEG 

TO OTHER - 45 KV 
9 GAPS OF 
SECTION 

Ir + 15 KV 

— 1--
- 45 KV 

TO OTHER 99 
GAPS OF 
SECTION 3 

500 

SPARK-GAP SWITCH-Bank of Ill spark gaps 

switches 30 kv in less than 10 millimicrosec, 

to explode wire for generating plasma in 

shock tube or generating hypersonic waves 

in wind tunnel. Jitter problem is solved by 

using one spark gap to trigger another. 

IS FT 
PG 
58/U..,,. 50 0 

We  

300 
MEG 

SECT ON 3 
1100 GAPS) 

+30 KV 

0.03 

500 
F 

+30K V 

of 

(1  WIRE 

2FT RG 8/U 

Thyratron VI fires section 1 having single 

gap, and this triggers 10 gaps in section 2, 

each of which in turn triggers 10 gaps in 

section 3.-H. B. McFarlane, Spark Gaps for 

Fast High-Voltage Switching, Electronics, 

32:31, p 72-73. 

BALANCED MODULATOR PHASIENPSUHTIFTER 

GONIOMET ER 
INPUT 

100 CPS 

1ST R-F 
AMPL 

PHASE 
SPLIT TER 

ELECTRONIC R-F SWITCH-V1 isolates gonio-

meter from balanced modulator tubes V2 and 

V3, which provide 90° phase shift of gonio-

meter signal. V2 and V3 are made to con-

duct alternately by 100-cps drive applied to 

their suppressor grids by phase-splitter V4. 

-J. F. Hatch and D. W. G. Byatt, Direction 

Finder with Automatic Readout, Electronics, 

32:16, p 52-54. 
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••••• 

4-6V 

Q2 
2N2696 

L2 
200 
R2 
10 

FAST INDUCTIVE SWITCHING-Fast-rise cur-

rent switching circuit provides current as fast 

as it can be switched into highly inductive 

load. Used us current driver for digital com-

puter memory arrays as well as for speeding 

up ordinary relays.-T. W. Collins, Fast-Rise 

Current Switch, EEE, 13:1, p 65-66. 

500K 

500K 

HIGH-SPEED TRANSISTOR RELAY- Push-pull 

switch handles up to 10 amp with rise 

time of 50 microsec. Rising d-c voltage at 

input produces no output until predeter-

mined level is reached, when power supply 

voltage is suddenly switched across load. 

6700 +150V 

100K 

<-1\,\A"--• IC)K 

 0 10011-«.—r -tiV\Ae. 
< --eVVY-4 10K 

•-• 10011-.-7 1-W r. 
IOX 

•--0 1 100K 

0--• 

IRK 

470/2.A.F. 

 31 

10K 

100K te"Ar. 

10K 

•-• 100K ti\AA'd 

10K 

0+0 1 100K 
<—•-/VV\e--• 0 

 • 1-.-707F1>IV A P. 

10K 

 o 

,YVY's 

2K0 

;[--) 

+30V -=.-• 

SWITCHING CAPACITANCE TRANSDUCERS-

Beam-switching tube pulses bridges sequen- Ouipuis uf bid9, , pulso 

tially. Each bridge has pressure- sensitive pattern corresponding to pattern of pres-

 • 

100K 

6BX7 

VIA 

10K 001— 

Y.INS4A 

TO OTHER 
PULSE 
SHAPERS 

RESET 

FROM 
OTHER 
MIXING 
NET 

RESISTORS 

Circuit remains locked in until input voltage 

drops below trip level. Trip voltage is de-

termined largely by breakdown voltage of 

1N437 zener diode.- D. L. Anderson, Fast 

Transistor Relay, Electronics, 31:11, p 145. 

4.200V REG 

37K 

- 45V 

0.1 

1MEG 

FINE 
2K 

K,, X 1,000 2,000 TO 2,000 
BALANCED 

SCOPE AMPLIFIER 
capacitance transducer that unbalances 

bridge in proportion to changes in pressure. sure imposed on auto seat.-A. Stiebel, High-

Speed Switching ef Lou, I ev.I 

Electronics, 32:12, p 54-55. 
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PUNCH PRESS SAFETY SWITCH—Static switch-

ing control for dangerous presses requires 

that both hands of operator be on run push-

buttons, out of danger area, before ram can 

descend. To prevent operators from jamming 

or taping one or more buttons closed, con-

trol circuit stops press at end of cycle. Both 

buttons must then be released and depressed 

again to start new cycle. Self-excited mag-

netic amplifier operates much like snap 

switch.— S. A. Zarleng, Static Switching Tech-

niques for Machine-Tool Safety, Electronics, 

3224, p 57-59. 

INPUT FROM 
RADIO CHANNEL 
NO I 

T i 

o  DRIVER bt 

o  DRIVER re..- 01 o 

INPUT FROM 

STANDBY RADIO 
CHANNEL 

-I0V • C 
SOLID-STATE SWITCHING—Used in high-

speed data transmission system having 15-

300 

gc bandwid h. Use of Kita diodes gives 

transition time of 20 nsec for break and 40 

MISSILE COUNT-DOWN SWITCH— Level- sensi-

tive switch uses nonlinear negative feedback 

to provide stable operation (within 1.5%) 

over 100'C temperature range. Monostable 

mvbr is followed by rectifying transistor 

and filter. For signals above trigger level, 

circuit is periodically switched into its tran-

sient state.— D. W. Boensel, Switching Cir-

cuits for Missile Count-Downs, Electronics, 

32.31, p 76-78. 

TO 
MAGNET 
VALVE 

OUTPUT 

1 

nsec for restoration, as compared to 1 

millisec for reed relays.— I. Someya, Bidding 

For World Leadership in Solid State Micro-

wave Gear, Electronics, 38:25, p 99-105. 
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INPUT 
PULSE — I 
+0.5 V 

R1 
1K 

01 

2N1304 

+200V D-C 

R3 

20K 
21.4 

R4 

120 

2 
2 N3228 

FAST ACTION AT 10 KC-Reverse bias is 

applied to gate of scr at cutoff to make 

switch open rapidly. Rise time is 10 micro-

sec and fall time 5 microsec for switching 

10 ma at up to 10 kc.-E. L. Dosch, SCR 

Switch Turns Off With Reverse Bias, Elec-

tronics, 38:7, p 88. 

OUTPUT 
PULSE 
+200 V 

C2 

0.1/z F 

2111500 

—I2V 

R2 

220 

0 2 
2N6O4 

r - - 

L. 
1 . _ g 1501 

-• pf 

t--

LOAD 

15800 

FORCED SWITCHING-Bypassing of emitter-

follower with inductor L cuts normal 70-nsec 

switching time to 38 nsec. Use of diode D 

across L improves rise time without affecting 

fall time.-T. Asai, Forced-Switching Emitter 

Follower, EEE, 12:2, p 29. 

5553 

600 

440 
  o 

-7-15 revl 
é  

TURN-OFF CIRCUIT 

60., AC 

T 305 

MOTOR 
DRIVEN 

"ene-v-WyeYYY`flr. 

27 

C6C 

T307 10K 10K 

, 27 

C6C 
200pF 200pF 

171)E7LAYED GAT-E-1 
I FROM UNIT 7 --
CONTROL UNIL   

DC 
FROM 
GEN 

CHARGING CIRCUIT 

6 11 16 

T 306 

100K 

V 

0.002 

100K 0.002 

f71 
TURN - ON CIRCUIT 

 S.o 

--r15 r-Y1 
60 ,-AC 

TURN-ON CIRCUIT 

D  

I II I I VI I 
2 7 12 17 3 8 13 18 4 9 14 19 

TO ELECTRODES 1 THRU 20 

E  

IC I I 
5 10 15 20 

tLECTRIC FISH FENCE-Ouipui uf 360-kw 

d-c generator is applied to row of elec-

trodes in sequence by pair of high-voltage 

ignitron tubes tknt turn pulse on and off for loaded ignitrons are conducting.-C. D. Vole, 

each electrode in turn. Single turnoff igni- Ignitron-Pulsed Electric Fence Guides Migrat-
tron terminates pulse period of whichever ing Salmon, Electronics, 35:16, p 50-52. 
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IN   

STORAGE 1 
CAPACITORS 

NO.1 

SWITCHING 
CIRCUIT 

ACCESS 
LOGIC 

SCAN 0 1 

PULSES F F 
-or 
-6-
cF 

ROW STORAGE UNIT FOR MAGNETIC CON 

TOUR DISPLAY—Scan pulses activate nor 

gates in sequence. For 11 by 11 display 

matrix, there are 11 nor gates each with its 

switching circuit. On read- in, nor gate output 

of - 10 y activates switching circuit, grounding 

200K 2.85{4.F 

PRESSUZTH  
TRIGGERED 
SPARK GAP 

-50KV 

NO.2 

O 

its capacitor and making capacitor charge 

up to value of that data point.— W. W. An-

derson, Latest Antisubmarine Aid—Magnetic 

Contour Display System, Electronics, 36:32, 

p 58-61. 

CURRENT- LIMITING 
RESISTOR 

(TYPICALLY 100 OHMS) 

IGNITRON SHORTS SPARK GAP—Used for 

continuous production of plasma in mirror-
geometry magnetic field of Philips ionization 

gage. Ignitron shorts spark gap about 100 

microsec after discharge begins. Ionization 

MEMORY DRIVER AMPLIFIER—Proves 750-ma 

current pulse for 8-microhenry load, at repe-

tition rate of 0.25 Mc. Positive turnoff volt-

age is automatically applied, with no extra 

loss in gain or power, by driving pnp tran-

sistor 03 with npn transistor Q2.—J. S. 

Ronne, Computer Switching With High-Power 

Transistors, Electronics, 33:10, p 44-47. 

TO 
VOLTAGE 
PROBE 

P.I,G, 

CURRENT 
SIGNAL 

gage (PIG) receives positive potential at peak 

of externally applied magnetic field by clos-

ing of triggered spark gap.—M. F. Wolff, 

Plasma Engineering—Part 1: Generating and 

Heating Plasma, Electronics, 34:24, p 47-53. 

lnejem 
STELLARATOR 

K = X 1,000 

CROWBAR—Used to cut off oscillator sharply 
in tank circuit of stellarator. Consists of 

tube with plate holdoff rating comparable 

to peak instantaneous output tank voltage. 

At end of pulse, grid is driven to 500 

and tube becomes low impedance across 

tank, to damp out oscillation within a 

cycle or two.— R. L. Gamblin, Radio-Frequency 

Circuits for Plasma Physics, Electronics, 

32:27, p 50-52. 

GATE-TURNOFF D-C CIRCUIT BREAKER— 

Closing on switch discharges Cl into gate 

to initiate turn-on. Closing off switch dis-

charges C2 out of gate, opening power cir-

cuit.—J. W. Motto, Jr., Switching Circuits Us-

ing the Gate Turnoff Controlled Rectifier, EEE, 

13:3, p 52-55. 



SWITCHING CIRCUITS 

K .• X 1,000 

SATURABLE REACTOR LATCH—Offers operat-

ing simplicity, high speed, and low cost. 

Transistor model can switch in less than 0.5 

microsec. Current through N1, when VI 

conducts, saturates core of Tl.—W. J. Reap, 

Simple Latch Circuit Uses Saturable Reactor, 

Electronics, 33:2, p 66. 

R b JUL 
+25 Vb /  

400 Ail, 

0.01 
1.1111 

ÇO0 

NR DIODE AS BISTABLE SWITCH—Bonded 

negative-resistance diode switches to high. 

current state on arrival of first pulse. Pulse 

is shut off before capacitor current through 

diode falls below negative spike on trail-

ing edge of pulse.—A. P. Schmid, Jr., Nega-

tive-Resistance Diode Handles High Power, 

Electronics, 34:34, p 44-46. 

CONTROL 
TERMINALS 

68 

LIGHT-BEAM COUPLING—Gallium arsenide 

light source and silicon photodetector pre-

NEON-LAMP CAPACITOR DISCHARGER—Used 

to discharge capacitor being charged from 

constant-current source providing about 15 

microamp. Circuit has extremely high impe-

SENSITIVE A-C POWER SWITCH—Used to 

switch load in response to gradually chang-

ing signal, as from photocell or thermistor. 

Provides snap-action switching from full 

on to full off, with differential between 

870 

PE X3003 
V1 v2 

vent interaction between drive circuit and 

output of binary switch.— E. L. Bonin, Light-

dance until breakdown, then low enough im-

pedance to discharge capacitor to fraction of 

volt.—R. W. Biddlecomb, High-Current Switch 

Has High ON/OFF Z Ratio, EEE, 12:2, p 29. 

switching conditions adjustable over wide 

range by changing Cl and R1.—"Transis-

tor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 331. 

5-KW A-C SWITCHING WITH FULL-WAVE 

SCR'S—Provides interference-free switching 

from 120-v a-c line on continuous basis. By 

replacing C35's and CR3 with higher-rated 

devices, additional power can be controlled. 

Interference-free switching ability was uti-

lized in reducing intolerable noise level in 

broadcast receiver to inaudibility. For high-

impedance or open-load circuits, 1,000- ohm 

bleeder resistor may be necessary across load. 

—F. W. Gutzwiller, RFI-Iess Switching with 

SCRs, EEE, 12:3, p 51-53. 

OUTPUT 

• V2 + 6V 

V2+4V 

Coupled Semiconductor Switch for Low-Level 

Multiplexing, Electronics, 38:3, p 54-59. 
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TRIGGER 
IN 

300 
MEG 

SEQUENTIAL SWITCHING—Shock-resistant de-

sign releases number of solenoid-operated 

mechanical locks at 10-millisec intervals. Sin-

gle-stroke ramp generator Q1 starts se-

quence when closing of initiation switch 

Si discharges Cl. Q2 reduces loading on 

1-A1ILLIMICROSEC SPARK-GAP SWITCH — 

Spark gaps are mounted so ultraviolent ra-

diation from gaps that fire earlier in 111-

gap operating sequence irradiate succeeding 

gaps. Intense radiation from earlier gaps 
reduces statistical firing delay, or jitter, of 

succeeding gaps. Breakdown of gap is fur-

500 

AUDIO SWITCH—Switches audio signal on 

and off under control of flip-flop. With po-

tentiometer across output, phase can be re-

versed. With two of these switches connected 

to same flip-flop, and each excited by dif-

ferent audio signal, potentiometer connected 

between B outputs will provide signal from 

timing circuit RI-C1 when large base cur-

rents are drawn. Ramp is sufficiently linear 

to provide adequate timing accuracy for 

eight operations.— D. H. Thompson and D. 

Simpson, Time-Sequence Switch, Electronics, 

3328, p 64. 

ther speeded by connecting low-potential 

end of gap to trigger source with short 

length of cable and blocking capacitor, which 

in turn is grounded by similar cable.— H. B. 

McFarlane, Spark Gaps for Fast-High Voltage 

Switching, Electronics, 32:31, p 72-73. 

10K 

01,02-2N3053 

wiper to ground that alternates from one 

audio signal to other as flip-flop changes 

state. Pot setting determines relative ampli-

tudes of two signals. Can be used to gen-

erate a-f shift- keying signals.— F. Stevens, 

Audio On-Off, Phase-Reversing Switch, EEE, 

14:6, p 91-92. 

LOAD SPI 
175 fly 

SCR 
2568 

HIGH-POWER SCR STATIC SWITCH—Prevents 

burning of switch or relay contact when 

switching large inductive loads. Switch con-

tacts here carry only trigger current for sili-

con controlled rectifiers. If desired, output 
power can be varied by changing time con-

stant RI-C1 to control scr firing angle. Will 

switch primary of transformer having 4,200 

v-a secondary load.— J. A. Moraites, High 

Power AC Static Switch, EEE, 12:8, p 71. 

+20V 

SENS' tiviTv 
CONTROL 
10e 

SENSITIVE D-C POWER SWITCH—Stays on 

after being triggered, to give latching action. 

Power input is 2.5 microwatts, power output 

is 44,000, and power gain is 92 db.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 331. 
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TEMPORARY MEMORY—Arrangement using 

Esaki or tunnel diode is equivalent to bista-

ble flip-flop. Used in 24-channel pulse code 

modulation system.— T. Kojima and M. Wa-

tanabe, When You're Second, You Try 

Harder, Electronics, 38:25, p 81-89. 

• IGNITION 

ISW :TCH 

12 

32K T R3 D, 

RESET 12K 

100 T COLD. 0.25 OHMS 
ROT: 0.8 OHMS 

R2 

33 

o, 

IGNITION 
ZONTACTS 

D2 

TRANSISTOR - SWITCHED IGNITION— Ignition 

breaker points handle only current of about 

0.25 amp for switching transistor 01, in-

creasing contact life, while transistor han-

dles 9-amp peak ignition coil current. Diode 

DI reverse-biases emitter-base junction when 

+150V — 

OUTPUT 
VP 

+18 0 V 

+ 50 V  • 

R4 

10K 
vle 

RS 
47 K 
_ 

VI 
2E26 

+1500 V 

eR, 
elooK 

-10V 

distributor contacts are open, to ensure tran-

sistor cutoff at high temperaturs. Zener D2 

clips peaks of transients that might dam-

age transistor.— S. B. Gray, Home and Auto 

Controls, Electronics, 36:19, p 52-56. 

HYBRID SWITCH PROVIDES 1,500 V F'UL5E— 

Trigger pulse at 12 y saturates 03, voltage 

Di 

1N15 21 
6V 

1N 6 2 9 (10) 

02 D3 

— 10/1.---•--e1/v e—•- 
9 RIO 

1M 1M 

01 

21\2102 

R6 

22K 

3 
6.8K 

R2 

03 

2 N1613 

1.5K 

+ 3 

H Load 

600w 

SCR1 
C208 

120v, 
60 cps 

1K 

Thyrector 
6RS20-
SP5135 

C 
SC2RO2B 0 

SCR-REED A-C SWITCH—Magnetic reed switch 

makes ideal trigger for silicon controlled rec-

tifiers, even though nine components are re-

quired for switching 600-w load.—M. P. 

Southworth, Bidirectional Static Switch Sim-

plifies Ac Control, Control Engineering, 

March 1964, p 75-76. 

+100V 

4 

39K 

RB 

12K 

R1 

39K 

TRIGGER +12 

I-- 0 
PULSE 

2.2 K conducting. Anode voltage of VI then rises 
R7 

to 1,500-v supply value until input pulse is 

  removed.—R. E. Thomas, 1,500-Volt Hybrid 

CICrOSS R3 drupb belu. k.J f zoner DI, 

and QI and 02 turn off, making VI stop 

hnc I.nw "On" Impedance, Electronics, 

37:22, p 74-75. 
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220 pF 220 pF 

  (   )   
 "\./v\..  
04 47 K 47 K 05 

2N527  ig 2N527 
I N645 1N645 

FAST SWITCHING OF D-C POWER—Power in turn is controlled by start-stop pulse —J. E. Roberts, Controlled Rectifiers for Fast 

transistor Q6 switches 20 w d-c through 15- amplifiers 02 and 03, and multivibrator Power Switching, Electronics, 35:17, p 58-59. 
ohm load R3 under control of scr 01, which 04-05. Switching rate can be up to 700 cps. 

—28V 

680pF 

SOLID-STATE DPDT SWITCH—Eight diodes and 

four transistors connected as shown give 

same action as double-pole double-throw re-

lay.—R. C. Going, Solid-State DPDT Relay, 
EEE, 11:10, p 26-27. 

Lvw-
I.8K 

START 

27K < 

1200 
pF y-  

STOP 274 

2.2K 

2N527 

IN5381 

IN5381, 

2N527 
180 

01 

K X 1,000 

FAST SWITCHING OF A-C POWER—Pulsed that feeds the 2N527 start-stop pulse ampli- Fast Power Switching, Electronics, 35:17, p 
scr's Q1 and 02 turn on load-current-car- fiers. Each pulsed scr has its own 3-v source. 58-59. 

rying scr's 03 and 04 under control of Load being switched requires 350 ma at 400 

start-stop pulses from an external vibrator cps.—J. E. Roberts, Controlled Rectifiers for 

04 

0.022 

 )1  

100T 680 

I N538 
14  3V 

1 N538 

14  

680 

IN538 

14  
1 N538 3V 

28V 
A-C 
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3N8I 
THRU 
3N85 

SCS CONTACT ISOLATOR-Eliminates contact 

bounce when both switch and load are 

grounded and opening of switch triggers scs. 

-"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 433. 

A-C POWER INTERLOCK-Any device drawing 

over 5 w ( up to amount allowed by D2- D3) 

will produce 60- cps square wave at base of 

Q1 when device is turned on, to energize 

A-C RELAY DRIVE- Drives 12-v a-c relay with 

transistors triggered by low direct current of 

pair of switch contacts. Can drive any a-c 

V,, 5 100V 

ANODE SUPPLY 
VOLTAGE OR 
HIGHER TO 
MINIMIZE 
TRANSIENTS 

SCS CONTACT ISOLATOR- Eliminates contact 

bounce when switch is closed to trigger scs, 

with both switch and load grounded.-"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 433, 

relay through Q1 and apply power to re-

ceptacle 2.-C. J. Ulrick, AC Power Interlock, 

EEE, 13:6, p 65. 

relay rated in voltage up to breakdown rat-

ing of transistors.- R. K. Walters, Transistor 

Driven AC Relay, EFE, 11:2, p 25-26. 

1 

1 

1 
DECODER B  

MEMORY MATRIX SWITCHING-Output termi-

nal, connected to three word coil groups of 

matrix, is grounded when pulse appears at 

input. - J. Yamato and Y. Suzuki, Forming 

Semi-Permanent Memories with Metal Lard 

Storage, Electronics, 34:46, p 136-141. 

-15 + 6 - 7.5 

150 30gH I 
< 1AM? 

' 

I -1-1-2S4172 

304.H 

250 

0.3 

400 

2SB-84 

SW-1,2,31 

VillOOV ANODE SUPPLY 
VOLTAGE OR 
HIGHER TO 
MINIMIZE 
TRANSIENT 
PROBLEMS 

GROUNDED-SWITCH SCS CONTACT ISOLATOR 

-Eliminates contact bounce when switch is 

closed to trigger scs, because load current in-

creases rapidly and latches on.-"Transistor 

Manual," Seventh Edition, General Electric 
Co., 1964, p 433. 

UNGROUNDED-SWITCH SCS CONTACT ISOLA-

TOR-Eliminates contact bounce when switch 

is closed to trigger scs, because load current 

increases rapidly and latches on.-"Transistor 

Manual," Seventh Edition, General Electric 
Co., 1964, p 433. 

TRIAC-REED A-C SWITCH-Gate-controlled 

semiconductor switch (G-E Triac) and mag-

netic reed switch provide on-off a-c switch-

ing with minimum components. Gate signal 

of 3 y at 50 ma, either polarity, triggers 

Triac for handling 600-w load.-M. P. South-

worth, Bidirectional Static Switch Simplifies 

Ac Control, Control Engineering, March 1964, 

p 75-76. 

CASCADE COIL GROUP 
S1 -1 

- - S1 - 2 

- - Si - 32 

WORD 
GROUP 

4- 

  - S2- I 

  - Se- 2 GWROORUDP - - 
- - S 2- 32 2 » THREE-WORD 1  GROUP 

S 3- I 

}WORD 
- S3-2 GROUP 

3 

S 3- 32 



CHAPTER 85 

Tape Recorder Circuits 

+150V 
HEAD BIAS 
ADJUST 

-150V 82K 10K 82K 82K + 150v 

821— nrW'''W-WerVW— 
,20 20, 64U6 

TO ONE _L 
CHANNEL =  
OF DUAL  
CHANNEL 
HEAD 

I-F TRANS 

I-F 
TRANS 

I/2 

0.1 

71/2 I.P.S. 
15 I.P.S.   
30I.P.S.   

60 I.P.S. AMPL TUDE 

EQUALIZER 

104 ° 

22K 2N603 
x I0K-+ 02 

-vo.4 
R3 1 
4,700 

nW R1 

-1 27 

0.01 

0.0 

R4 

15K 

0.01 

220K 

3,600 

150K 

1900 

68K 

1,150 

0.01 

o 

DIFF 
BALANCE 
ADJUST 
.10K 

150V 

• FROM REF 
AMPL 

CATH 
FOIL 
6W6 

0.005 0.005 II 220K I.5K 

+ I OV 
100µµF 100,.µF 

oj 47K 

6AR8 
0 01 

+150V 

1N279 

10 
NH 

100 30 1.P.S. 

120MMF 

 SYNC 

B- DETECT 

ZERO 
ADJUST 

500 

1,000 
K X1,000 

15 I.P.S. 

60 I.P.S. 

DIRECT-REPRODUCE CIRCUIT—Switching and 

equalization networks extend upper fre-

quency limit to 250 kc for instrumentation 

-150V 
1,000FµF 

CHAN I' 

(D- BALANCE 

ZERO 
ADJUS 

150K 150K 

CHAN 2` 

1,800 2,500 

-150V 

(2) 
- 0.02-OUT 

0.68 
MN 

21 
1159 

TO 240K IN CHANNEL 2 6 3VAC 

PHASE 
EQUALIZER AMPL 

10K 

10K 

10K 

IOMMF 

2N446A 
07 

o 
o 

47MMF 

68 470 

910 MMF 

,800MMF 

I5K 

22K /-4—,700 

SYNCHRONOUS DETECTOR FOR ZERO-SPEED 

TAPE PLAYBACK—Tuned amplifiers with 200-

kc center frequency and 20-kc bandwidth 

separate second harmonic signal containing 

intelligence from composite head output sig-

nal. Output of 6AR8 coupled to push-pull 

stage gives balanced output.—M. E. Ander-

son, Magnetic Head Reads Tape at Zero 

Speed, Electronics, 32:10, p 58-60. 

OUTPUT 100 
AMPL MME 

6,800 

tape. Amp Mer section provides voltage gain 

of 14 db and output impedance below 50 

ohms, for driving long, low-impedance lines. 

1,500 
Oil 

2N414 

22K 
47 

2N414 

5 6,800 

10K 
680 

MONITOR AMPL 
I5R MME 

-+ 

100 QI2 
MMF 2N446A 

0.2: 

OUTPUT 

I 2V 

MONITOR 

014 
2N4I4 

0.2 

47K 

POWER 
GROUND 

+I2V 

—D. R. Steele, More Bandwidth for Magnetic 

Recorders, Electronics, 33:2, p 44-47. 

714 
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MAGNETIC-TRANSDUCER PREAMP-Gain is 

constant at 49 within 2% for a-c source impe-

dances ranging from 0 to 5,000 ohms, such 

as magnetic read heads. Gain remains con-

stant within 3 db from 10 cps to 1 Mc.-S. R. 

Parris, Wideband Transistor Preamplifier Han-

dles Low-Resistance Transducers, Electronics, 
34:11, p 57-59. INPUT 

FROM 
HEAD 

-120V 

R15 
100 

Cs 
20+ 

c1 

0.1 
TRIGGER —) 

R2 
10K 

PLAYBACK 

I8K 
R16 

- A4 

RECORD 

+22V -.- -/‘.A.esd--•  
R14 
220 

-150 V —NVs•  
330K 

L, 
1,300 

H 

L2 

01 C2 
2N384 0.1 

— C6 
20 

220K 

CI 

25 

1 5K 

REPRODUCE 
HEAD- LOW 
FREO 

2NI091 

100 

0.1 
C2 

C3 

0.015 

R2 
61.9K 

CI R3 
500 I 100 

RI 
39.2K 

T: 
TT301-0.2 

2N1684 

R6 
3.65K 9.09 k 237 

C6 R15 
2501 237 

RI3 
5.IIK 

Q2   
2NI301 

C• 

0.22 

+3.5V +I4V 

2N1301 

R10 
R7 10K 
10K 

0 4 

R6 2NI67 
10K 

R9 12 11 
10K 10K 

REPRODUCE + 150V 
HEAD 

HIGH FREQ 

L1 

68 

§330K 

VI 
1 
-2 5842 

R12 
27K 

OUTPUT 

05 
2NI67 

Ce 
0.22 

—le 
VOLTS 

06 
211247 

-8.8V 

RI2 
47.5 

OUTPUT 

+15 

DELAY-LINE PULSES FOR VIDEO RECORDER-

Blocking oscillator arrangement gives 0.3 

microsec pulse length for recording by time.. 

division multiplexing of 52 channels on two-

track video recorder, and 0.8 microsec pulses 

when 51 is set for playback.-M. H. Damon 

and F. J. Messina, High-Density Storage of 

Wideband Analog Data, Electronics, 35:13, 

p 45-49. 

V2 

7 5842 

22K 

e 220 6.8M 

1(-4 
0.01 

470K 

0.022 

6 

68 

.k,470K 

2.7 K 

IK 
—0.1 

10K 

0.1 

- V3 

6AH6 

•  

-I2V 

0.25 

03 

2N601 

91 

OUT 

VIDEO TAPE PREAMP-Two windings on re- off at higher frequencies, Li at input of fi st Recorder Response, Electronics, 34:10, 

puuduce 'mud e•teod frequency re3ponse to tube takes over . Preemp nutput to 91-ohm 186-188. 

1 Mc. Winding L2 is connected conventionally line is 1.5 y peak to peak.-G. N. Johnson, 

to input of 01; when transistor gain drops W. R. Johnson, and J. T. Mullin, Magnetic 
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FET REDUCES PREAMP NOISE—When imps. 

dance of source Vg is high, field-effect 

transistors reduce overall signal-to-noise ratio 

in preamp for reproduce head of tape re-

corder.—J. J. Rude, Designing Input Circuits 

with Lowest Possible Noise, Electronics, 36:31, 

p 46-49. 

s(!;9 
500K 

V 

33K 

FE200 

1K 
10 

Z 47K 

!, 100 

TO RECORDER T2 

:R2 
>47K 

R3 
C2 10K Z D 3 
1,000pF 

120pF 

470 

—170V ALL DIODES 1N463 

560K 

> 56K 

10K 

2N25II 

1K 

 T 10 

+30 

k.2K 

150 

47 

e0 

TIMING-SIGNAL RECORDER—Low-cost analog 

magnetic tape recorder is modified to store 

rectangular event-timing signals for biomedi-

cal experiments. Input gate signal is dif-

ferentiated in pulse shaper CI-R2. C2 with 

R3, R4, and D3 produce alternately positive 

and negative pulses corresponding to lead-

ing and trailing edges of gate. VI, biased 

off, blocks negative pulses. Output at T2 

after inversion by V2 consists of 30-microsec 

negative pulses with peak of 50 v, which 

can be fed to tape recorder.—G. Silverman, 

Modified Tape Recorder Stores Timing Sig-

nals, Electronics, 39:13, p 75-76. 

RECORD 

PLAYBACK 

INTERNAL 
SPEAKER 

EXTERNAL SPEAKER 

tL 

...EC:I 
MICROPHONE 

  PHONOGRAPH 

—0.0015 $>4.7K 

I;  
R2 
24K 360K 

0.047 

G-1-4 6-1E 

50 

R 3 
200K 
C 

510pF 

270K 

0,5e.  

82K 
20 

4)-1 
160K 

2N228 

Ql 

0 5.1K 

470K 

w.  

20 

IN 

150K 
100K 

:47011 470K 

aol —0m cool 
{—• ECC-83 

Vi 

1.2K 
470K 

11K 
2 RECOR 

LEVEL 

C2 0.047 
R4 68pF= 
9.1K 

500K 
VOL 

EL- 84 
V2 V2 

0.02 1  

5.6K 470K 

H 50 
50 

150 

+230V 

=7-

ERASE 

+230V 

0.02 
* PLAYBACK Il RECORD 

RECORD 
470K 

200 
BIAS 

ADJUST 270 

ERASE ADJUST 

4.7K 
Ye. T 
II  

0.005 

STRIPE-ON-FILM RECORD-PLAYBACK—Transis-

tor preamplifier is used only on playback. 

Two-stage recording amplifier has 10 db of 

negative feedback from secondary of output 

transformer to linearize frequency response 

6C4 
V3 

and reduce distortion. Oscillator V3 supplies 

bias and erase current at 40 kc.—J. M. Mori-

arty, R. B. Johnson, and R. J. Roman, Mag-

netic Sound Track of 8-MM Home Movies, 

Electronics, 33:35, p 61-63. 

1;450 

cr 

oc., 

a. 

— DIODE 
8 AS 
ADJ 

VR75 
HOY-AC 

MEASURING TAPE WOW AND FLUTTER—Cir-

cuit uses 40-kc carrier, calibrated cro, and 
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HIGH-FREQUENCY COMPENSATION—Compen-

sates for 23 db/decade loss above 500 cps 

in high-frequency response caused by spac-

ing pickup head 1 mil from magnetic tape 

of vif induction radio link.—E. A. Hanysz, 

J. E. Stevens, and A. Meduvsky, Communica-

tion System for Highway Traffic Control, Elec-

tronics, 33:42, p 81-83. 

+250V 

V3A 
1/2 12AT7 

C5 

CARRIER 
INPUT 
FROM 

RECORDER 7 
SET 
TRIGGER 
LEVEL 

VOLUME 
BRUSH CONTROL 

2 N220 HEAD 

ri ri 

R26 : 

V5 

12AT7 

SET 
OUTPUT 

R27 

C9 

II 

R28: 

C o 

OUTPUT 
R30 

CII— 

T T 

2N270 

02 

10091 
+12.6 V —12.6 V 

18 

F-M DEMODULATOR FOR TAPE RECORDER— 

Removes low-frequency frequency-modulated 

nerve-potential signal from 7.5-kc carrier re-

corded on magnetic tape. Amplifier V3a 

feeds squarer V4 that is connected as Schmitt 

trigger to give square-wave output for dif-

ferentiation by C8-R25. Negative-going edge 

of resulting square wave triggers monostable 

mvbr V5 which serves as demodulator.—K. D. 

Broadfoot, F-M Magnetic Tape System Re-

cords Low-Frequency Nerve-Fiber Potentials, 

Electronics, 34:28, p 66-67. 

o 

6 V6 

27K 

o •-) 
•-) o 

d 

DISCRIM-
INATOR 
COIL 

82K 

600V 

5K 

005 
• 

1.5 M 2 M 

SWEEP SPEED 

6.8 M 150K 025 

0. 

SWEEP 470 
RATE 884 
 o 

Lesd 
TdT 

4.7 K SENSITIVITY 270 K 
SELECTOR 

47K 

39K 

470K 

25 K 

220K 

- 

2 BPI 

2 

0.1 

10 M 

CRO 7 

6684 

56 K, 

SYNCH 
ADJ 

1 

500 K 

• 

0.1 

I RT- I .z 

0.003 

0.8 H 

• 0.001 T 1 0.0001 10K 330 Ao DJ VOLTAGE 

SU PPLY 

HIGH 1; 

I M 

7 

1  

TOROID 5K CENTERING 250K 500k 
DI ODE25K 

33 KI 

-- 100 8_+ T 0.01 

270 

DIODE 
iOOK 25K BIAS ADJ 
300v 10W 
ADJ —80 

various spectrum cutout filters to show all to 4,000 cps for magnetic tape recorder.— and Flutter, Electronics, 33:26, p 100-102. 

drift, wow, and flutter components from d-c J. T. Mullin, Precise Measurement of Wow 
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+12 V 

+12 V 03 
2N1309 

i3 
R12 

1,000 

01 
2N1308 

33K 

04 +12V 
2N1309 

i3 R13 

1,000 

070K 

=0.01 

TO 
B- MIKE 

BEAN DEFLECTION TUBE 
6+ 

02 

TEST 
POINTS 

REC 
TO SYNC 
DIT 

B+ El+ 

2NI308 ZERO-SPEED TAPE PLAYBACK OSCILLATOR— 

Permits playback of recorded high-frequency 

signals at extremely slow speeds so highest 

INDEPENDENT-CONTROL MVBR TESTS TRANS- R7 controls mark/space ratio and R10 con- frequency component is within limited band-

PORT—Timing resistors of conventional asta- trols frequency.—C. J. Dakin, Novel Multivi- width of pen recorder. 100-kc excitation os-

ble are replaced by adjustable constant- brators Test Tape Transports, Electronics, 37:7, cillator and reference amplifier use beam 

current sources using transistors Q3 and Q4. p 40-43. deflection tube.—M. E. Anderson, Magnetic 

Head Reads Tape at Zero Speed, Electronics, 

32:10, p 58-60. 

+.lNPUT SIG 

12 vo, 
211414 

2211 

INPUT 
51e 

4,700 

ILKF 1,910 

32.9K I. 

26446A 

GND 
+12V 

+ 2V RECORD POWER 
YRRL1 RECORD RELAY 

220 

05 
2N446A 

L 22 

"3 5403 H 
80k, H ±4µ 

  C6 
10 Cs 

0.001 egg F 
06 
2N414 I C4 

220 
12,4 H 
+2 µH 

0.1 

R1010, 

07 

2NI065 

MONITOR SIGNAL SIGNAL 

0.1 

1,000 

1,500 

-I2V RECORD 
 .-POWER THRU 

RECORD 
RELAY 

0.1 09 
F-- 2NI065 

3 300 
T2 81AS 

D.1 JOSIG 

REHCEOARDD 

100 

5 
M1C 

10K 

I5K 5.6K IK 
200K 5 150K 5 47K 

2NI893 2NI893 

MAGNETIC RECORDER FOR 8-MM MOVIE 

CAMERA—Silicon transistors serve as ampli-

fiers and oscillator for recording on magnetic 

stripe. Frequency response is 100 to 1,000 
cps.—S. B. Gray, Appliances and Housewares, 

Electronics, 36:20, p 46-49. 

2NI893 

CHARGING 
CORD JACK 

I C23 
I I 
0 I 

I.2K 

PHONES 

HEAD 

INSTRUMENTATION RECORDER—Bandpass is 

250 cps to 250 kc. Uses input emitter-fol-

lower, head driver, bias amplifier, and moni-

tor amplifier. Square-wave bias signal is 

supplied to each channel from master oscil-

lator.—D. R. Steele, More Bandwidth for Mag-

netic Recorders, Electronics, 33:2, p 44-47. 

0.005 
2NI893 

0.002 

T25° 100 

PRINTED-CIRCUIT BOARD 

▪ BATTERY 
▪ I2V ° I 

CAMERA WIRING 
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LOW 
IMP 

MIC 
IN OR 
PHONE 
OUT 

HIGH 
IMP 

END 

12K 6.8K 

0C304 

30 

6.8K K 

i)  RECORD-
PLAYBACK 
HEAD 
 -"---) 

ire  

3COPE 

25 

4.7K 470 

I K 

.2 
0C304 

10 

8.2K L8K 

FAST FORWARD 
OR REWIND 

SWITCH POSITION: PLAYBACK 

BATTERY-OPERATED DICTATING MACHINE-

0 3 
0C304 

2.5 

GOVERNOR 

30 

P LOT 
LAMP 

15K -  

ERASE 
HEAD 

MOMENTARY SWITCH -

END- OF- TAPE 
LAMP   

0.'2025 — 

RFC 

zener diode. Q6 functions as on-off switch 

04 
0C308 

0 5 
OC308 

0C307s 

FROM A-C 
POWER r()SUPPLY ACCESORy 

,)«'°— 

A--11111111-00—• 
MASTER 
SWITCH 

START- STOP 
CONTROL 
(ON MIC) 

7 < 

(1)! END- OE-TAPE 
°I CU TOUT 

TO END-OF-TAPE 
LAMP ON me 

by metallic coating at both ends of two-track 

tape.—L. Honnemann, Pocket-size Dictating 

Amplifier voltage is regulated by Q5 and controlled either by microphone switch or Machine, Electronics, 33:44, p 73. 

T 1 - BURNSTEIN APPLEBEE 18 B 506 
R3-50K, AUDIO TAPER 
R8- 10K,LINEAR 
RESISTORS 1/2 WATT UNLESS NOTED 

HIGH LEVEL INPUT 

82 
I K 

M1C INPUT 

R3 
50K 

LEVEL 

• 

220K 

C2 1/25 

812 
68K 

84 
I5K 

-4VDC 

04 
2N508A 

-I9VDC 

01 
2N508A 

829 
150K 
+1% 

C5 I/25V 

Q2 
2N508A 

828 

 "\AA/  
100K ±I% 

85 

C4 
100 - 
10V — 

IK --;C3 
—100 
+-

10V 
• • 

MONITOR 

RH 
22K 

0.0022 

RI3 
10K 

033 
TC9 

117 VAC 
Ti 

ON 

30 VAC 

inn6925 

RI4 22K 

822 100 IW 

 V\Arle— 

CI4 

+ 1000 
25V 

816 
10K 

LI 
CIO MILLER 6315 

l/20V 
CI 

103 330 pf 

2N508A 

CII 

07.5 
0.0047 

L2 
10MH 

MILLER 
7OF 102 Al 

e •e 

X 

TO BIAS AND 
ERASE OSC 

RECORD 
HEAD-8204R 

820 
100 

RECORDING AMPLIrIER Has sufficient input produce flat response with Nortronics low- tape speed of 7.5 inches per second.—"Tran-

impedance for medium-high-impedance mpg- impedance recording head when playback sistor Manual," Seventh Edition, General 
netic microphone. Includes equalization to preomp is adjusted for NAB equalization at Electric Co., 1964, p 272. 
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150 K 

SIGNAL CHANNEL 

120K 

12 AT 7 
(2 SECTIONS 
IN PARALLEL 

47K 0.1 

'1 40 

47K 

112AT7 

ANTI—DISTORTION 
GATING AMP 

1,500 

HISS 
GENERATOR 

470K 
180 

Z5K 

+1V 

OUT 

_JIN 5K 40 

0.5 

100 K 

I K 

8.2 K 

1,500 
OUT 

T OD2 

+200 

IN46 

0111 

56 K 

0.001 

12 AX 7 
I MEG 1,500 

1 MEG 

1,500 

12 AX 7 
(2 SECTIONS 
IN PARALLEL) 

00 K 
0 01 

MAG TAPE PRINT-THROUGH SUPPRESSOR— 

Echoes occurring before and after true signal 

in recorded magnetic tape stored for some 

time, called print-through, and noticeable 
chiefly during soft musical passages and dur-

ing recorded speech or singing, are sup-

pressed by biased-diode type of quieting avc 

that silences audio channel whenever signal 

drops to 40 db below peak. Each diode is 

back-biased 0.1 v. If program peaks are 

+12V +12V 

R12 
2.2K ≥ 39 

05 
2N1308 

01 
2N1308 

EIGHT-TRANSISTOR MVBR—Emitter-followers 

Q5 and Q6 increase gain by providing low-

TEST 

12 AX 7 

+12 AX 7 

250 K 

05 

100 K 

0.01 270K 

1,500 K. XI,000 

10 v, diodes become nonconducting for all 

signals more than 40 db below this peak. 

To prevent loss of desired signal near the 

zero axis, signals above the threshold are 

amplified, rectified, filtered, and used in time-

constant circuit to keep diodes conducting 

throughout each spoken word.—D. Cronin, 

Squelch Circuit Mutes Magnetic Tape Echoes, 

Electronics, 31:19, p 66-67. 

50+1. 
25 VI 

330 

impedance path for recharging timing ca-

pacitors. R7 controls mark/space ratio and 

R10 controls frequency.—C. J. Dakin, Novel 

03 

2N1309 

Ri6 
10 

+12 V 

Cl 
3,300pF 
1% 

330 

25-75 KC FREQUENCY MODULATOR—Fre-

quency changes are linear within 1% with 

changes in input voltage. Circuit can easily 

be modified for other frequency ranges. De-

signed for use with magnetic tape recorders. 

Cf is primary frequency-determining element. 

—P. S. Bengston, Frequency Modulator Covers 

25-75 Kc, Electronics, 31:31, p 100-106. 

04 C4 r 
2N1309 50 

25 V -1— 

+12 V +12 V 

06 
2N1308 

+12 V-
5 

39 
4 V— 

R13 
2.2 K 

02 
214308 

Multivibrators Test Tape Transports, Electron-

ics, 37:7, p 40-43. 
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F-M MODULATOR FOR TAPE RECORDER-Mil-
ler-effect transitron oscillator V2 generates 

7.5-kc carrier that is frequency-modulated by 

low-frequency action potentials from nerve 

INPUT 

O. 

CARRIER 
OUTPUT 

fibers, to permit recording on ordinary tape 

recorder.-K. D. Broadfoot, F-M Magnetic 

Tape System Records Low-Frequency Nerve. 

Fiber Potentials, Electronics, 34:28, p 66-67. 

RECORDING 
BIAS ADJUST 

R2I 
500K 470 

TO RECORDING OY 
HEAD 

BROWN YELLOW 

NORTRONICS 
760-T2 

ERASE AND BIAS OSCILLATOR-Provides 

ample power for 60 db erasure of saturated 

tape, using 10 ma of 80-kc erase signal. 

Total power output is 1.5 w at efficiency of 

60%. Bias current is same frequency.-"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 278. 

-20V F LTERED -20V 
+20V 
FILTERED 

01 
2N2I9 

2N2I9 

68K 
03 

2N2I9 

I5K 
0.1 

22K 

10K 

-= +20V 

10K 
IK IK 

BLUE 

05 

2N2I06 
OR 

7A30 (G.E1 

+20V I +20V 
10K 

C2 

0.005 

-20V 
68K 04 

2N2I9 

22K +20V 

100K 0.01 

PREAMPLIFIER 
DIGITAL DATA READ AMPLIFIER-Presents 

10,000-ohm input impedance to read head. 

No-signal input produces -4 y output; peak 

+20V 

T30 10K 

— -20V 

PHASE INVERTER 
AND AMPLIFIER 

input as low as 1.35 my zero-to-peak pro-

duces +4 y output. Gives satisfactory read-

ing at pulse repetition rates up to 22 kc.-R. F. 

-20V 
5.6K 18K 

+20V I --e\AAr -20V 
IK  

2N320 

08 

05 

2N320 

6811 

50 

1011 

2N109 

-10.5 V 
470 

*11', X 1,000 

50 1 
30011 

470 DI 47K 

4.711 c2 
25 

OUT 

COMPRESSOR-Has unity gain, expansion of 

3 db, and compression of 12 db. Gain ad-

justments are automatic. Used to maintain 

even recording level during tape-recorded 

interviews.-E. C. Miller, Audio Volume Com-

pressor, Electronics, 33:2, p 62. 

SI 

3 

2 

560 pf 

2ND CHANNEL 

IZ ma 

ERASE HEAD 
NORTRONICS SEO 4 

BLUE 
SWITCH SI 

2 

3 

UPPER TRACK ONLY  

STEREO 

LOWER TRACK ONLY 

06 
2N2I06 
OR 

7A30 

27 

2N320 

CLIPPING 
LEVEL 

I K ADJUST 

07 

2N320 

300 

PLAYBACK 

18K I 
1 CONNECT FOR 

_ev NRZ READING 

BUFFER-
I MIXER 

5.6K 

2N32 
Q. 

NO. 47 
LAMP 

INI40 

IN 140 

X 
-27V 

+20V 

22K 

QI0 
2NI64A 

910 - 20V 

Q 

2N320 

OUTPUT 

4.7K 

+20V 

OUTPUT 
CIRCUITS 

Shaw, Universal Tape Amplifiers for Digital 

Data Systems, Electronics, 31:41, p 91-93. 
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68 
2W 

o, 
0C28 

M 

4E20-8 

+36V 

CMOANRTK R/OLSP A C E 

FHIN 

MAXIMUM MARK/SPACE 

RATIO n = 5 

FAUX 
M 5 

SHOCKLEY-DIODE MVBR TESTS TRANSPORTS 

—For testing tape transports, frequency can 

be varied over 15:1 range and mark/space 

ratio from 1:15 to 15:1. Shockley diodes 

MR1 and MR2 serve as changeover switch. 

R8 

68 
2W 

Q 
028 

MR 2 

4E20-8 

Two additional diodes, at MR3 and MR4, are 

needed if reverse voltage rating of diodes is 

less than their striking voltage.— C. J. Dakin, 

Novel Multivibrators Test Tape Transports, 

Electronics, 37:7, p 40-43. 

CRYSTAL-CONTROLLED BLOCKING OSCILLA-

TOR—Used for recording 50-kc reference base 

on magnetic tape in 10-channel instrumenta-

tion system. Circuit is ordinary plate-to-

cathode coupled blocking oscillator with crys-

tal substituted for capacitor. If free-running 

frequency ( without crystal) is lower than 

crystal frequency by no more than 40%, os-

cillator locks to crystal frequency.— P. S. 

Gengston, Blocking Oscillator is Crystal Con-

trolled, Electronics, 31:25, p 88-90. 

OSCILLATOR 

HEAD DRIVER 
AMPLIFIER 

Di 1000 
IN140 F 

K:%1,000 

RECTIFIER- FILTER 

DIGITAL DATA WRITE AMPLIFIER— Delivers 

8-ma swing to record head. Rise time is 15 

millisec, sufficient for nonreturn-to-zero re-

cording at 20 kc, using head with 50-mh 

inductance. Carrier-type amplifier overcomes 

usual stability and level problems associated 

with d-c amplifiers.— R. F. Shaw, Universal 

Tape Amplifiers for Digital Data Systems, 

Electronics, 31:41, p 91-93. 



CHAPTER 86 

Telemetry Circuits 

GATED AMPLIFIER FOR RECEIVER-Input from 

f-m discriminator of ground receiver for neu-

tron-detecting radiosonde contains two sub-

carrier oscillator frequencies plus steep un-

wanted pulses at audio blocking rate of 10 

to 200 cps. Three-stage amplifier feeds amp-

lified input signals to one-shot mvbr V3A-

V3B for blocking of unwanted pulses. Out-

put of gated amplifier V4 then contains only 

bursts of the two desired subcarrier fre-

quencies.-L. Hillman and R. C. Hoymes, 

Modifying a Telemetry System for Balloon-

Borne Neutron Detection, Electronics, 34:11, 

p 60-63. 

- 1 AMPLIFIER 
AND 

I CATHODE - FOLLOWER 
METERING CIRCUIT T B+ 

+150V 
  REG 

RECEIVER 

AGC 

RECEIVER 
2 

AGC 

TWO-CHANNEL DIVERSITY COMBINER-Beam-

deflection tubes provide ratio-squared com-

bining of two telemetry receiving channels, 

to counteract fading signals from tumbling 

DIVERSITY COMBINER 

AGC 

I VIDEO 
LEVEL ADJ 

DIFFERENTIAL AMPLIFIER 

or spinning spacecraft missile. Video signals 

go directly to control grids of type 7360 de-

flection tubes. while control voltages from 

receivers are applied to the respective de-

6CL6 

COMBINED 
OUTPUT 

Rection electrodes through differential ampli-

fier.-V. A. Ratner, Telemetry Diversity Com-

biner Uses Beam Deflection Technique, Elec-

tronics, 35:4, p 42-43. 

723 
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2 CHANNEL SUBCARRIER GENERATOR 
-6v 2 250 CPS OSC MIXER AND AMPLIFIER 4,050CPS OSC  

3.31( 3.3K 1.25H1  01.1 3.3K ea N3.3K 
"1 120K 8.2K 8.2K IJ 8.2K 8.2K 12010g. 

150K 
G-M COUNTER IN  

39K 
ION CHAMBER IN  

1K 

0-5A 

47K 
/IN270 

V4E3CRO1 V4E3CRO1 

()LLANO CYCLE IN 

220K 

VE CO 
43RI 

+1 2.5V 

040! 
INPUT 4e 100µF 2N760A 
FROM -1 

PREAMP 2UK- 8:2; 

220K 

LOGARITHMIC AMPLIFIER FOR 0.5 TO 6 V 

D-C-Uses operational amplifier and function 
generator principle to compress detector sig-

nal levels to values within range of tele-

metering system.-S. Chase, Jr. and F. 

Schwarz, Mariner II Instrumentation: What 

Will It See on Venus?, Electronics, 35:50, p 
42-45. 

FROM K2 C 

47K 

2N369 500 
20 

I.5K 

47K 1 
FROM 9 AUDIO OSC 6V o-

WIND VELOCITY TRANSMITTER-Battery-op- omy, to telemeter wind direction and velocity shown) that feed 2N369 class-A buffer.- R. 

crated transmitter at remote mountain site for predicting avalanches. Modulator uses Beaulieu and G. Neal, Wind Velocity Tele-

uses transmitters exclusively, for power econ- nine separate 2N366 audio oscillators (not metering System, Electronics, 33:29, p 68-70. 

+ley 

2N387 

IN270 

TRANSMITTER 

100pF 

100K 

22K 

I  r I . I 
---560µF 7K 1 ' 1.1 51( e6.2K 

.1' - L 1 1 _J 
AAA v 

.2 K 

F-M/F-M TRANSMITTER-Output power is 0.5 

w at 95 Mc, and range is 400 miles. Pro-

vides two channels.-L. E. Peterson, R. L. 

Howard, and J. R. Winckler, Balloon Gas 

Monitors Cosmic Radiation, Electronics, 31:45, 
p 76-79. 

100K00022  

22K 22K 

_g)i 0402 2N760A 
0403 

2N 7604 

22K IK 

0404 
2N760A 

IN645 

+I2V DC 

LOG 
n OUTPUT 

47p.F 

33K 

2.2M I.5K 220K 
=100µF 

100K 
AA 

22K 
I M 

82K 

6.8K 

Pt 

5pF 0.1 

180 2N247 
t 

1M 
0-25 
A 

0.1 

2N4I7 

680 0.1 

14 

IN459(10) 

33 
100 

0.25 

2N4I7 

2N4I7 33 

-28V o  

2N656 

390 0.1 pF 

I2V OC 

2NI049 

_L 
50 
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MULTIPLEX DRIVER—Diode matrix drives bilat-

eral transistors similar to core memory driv-

ers. Drive circuit is regulated to within 10%. 

—J. V. Dirocco and J. W. Peghiny, Low-Level 

Encoding Approach: Latest Details of Titan II 

Telemetry, Electronics, 35:47, p 36-39. 

270K 

0.002 

6199 

Li 
MULTIPLIER 
PHOTOTUBE 
AND 
CRYSTAL 

R4 

3.3K 2.2K 10K 

680K 

300p.7.7F 

2 
R3 2N78 

100K 

R5 

4.7K 

TO THREE 
IDENTICAL 
CHANNELS 

K . X 1,000 

ACCELEROMETER 

-8 2N327A 

2N5358 

2NI39 

FROM 
MATRIX 
DRIVER 
FLIP-FLOPS 

-12V 

RI 
6K 

WAVEFORM AT 

+2.5:1 
- 1.3V _100 p. SEC 

— SET - - 

-5 V 

+5v 

+16V 

SET RESET 
SWITCH SWITCH 

-12V 

100 

CT F 
2176 

+2.5V 

125 p. SEC AP_.../PROX  r -1.3 V 
RESET  

CORE RESET 

TO MULTIPLEXER 
- TRANSISTORS 

5v 

2NI39 2NI39 

01 02 
2N334 •   2N702   

0.004 ----r 

= 100K 

R8 
2.2K 

2NI39 TRI 

51( I K 
47  220K   —,Vr— -8 47 pF 

 )1  

4.7K 15K 39K I5K 4.7K 1N753 

07 06 pi, Q01 470pF I DIRECT 09 -•  
2N702 2N702 2N327A 

0101 

-8 
04 

2N535B 

0.001 

10K 33k 33K 

10K 

10K 

1-28 pF 

09 
2N502 

FOOTBALL-HELMET TRANSMITTER—Impact data 

sensed by accelerometer in helmet is trans-

mitted to sideline receiver by f-m/f-m trans-

51.55 
MC 

CI 
0.001 

660 

" I 

120 mH EACH 

0.4201 0.03,0 

0 10-7 
2N502   

3.9K 0.005 = 
_ 

mitter. Use of subcarrier oscillator makes 

transmitter more immune to shock and vibra-

tion than with conventional main-channel 

2NI562 

FOUR-CHANNEL DISCRIMINATOR—Common 

amplifier and four individual amplifiers drive 

triggers for foul channels of scalers. Com-

mon amplifier supplies 7 y on common bus 

from Q3 to four potentiometers, settings of 

which determine discrimination point for each 

channel.—D. Enemark, Balloon-Borne Circuits 

Sort High-Altitude Cosmic Rays, Electronics, 

32:35, p 52-55. 

33K 

TELEMETERED 

I  

5 M SEC ;DIV 

-40.005 

_L 0.18,LH 

12 

I -28 pF 

K X 1,000 

oscillator.—.1. S. Aagaard and J. L. DuBois, 

Telemetering Impact Data from the Football 

Field, Electronics, 35.14, p 46-47. 
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10K 

CI 
240 
p,»F 

IMPEDANCE 
TRANSFORMER 

GATE 

R4 
8.2K 
,R5 
,8.2K 

2N78  2N78  

; 4;7K 

K. X 1,000 

AMPLIFIER TRIGGER 

10K 220 

300µµF 

0.02 

2NI39 

270K 

0.002 
2.7K 

10K 220 

300µF 

0.02 03 

2NI39 

0.02 

3.3K: 

2 1('680 2QN578 
0.02 eiFF 

0.25 

82K 47K 

SENS1STOR 

COINCIDENCE 
CIRCUIT 

0.0068 

2NI39 

10K 

+90V 

+1.25 

HEIGHT- TO- TIME 
CONVERTER 

FROM 
05 OF 

- SECOND 
CHANNEL 

Q7 g 
d 

-I2V 
tal 
j_ 

•—• 

e 

E 
2N 139 

cr cr. 
g 

cr 
a 

u 
al 

100K gf) o 
o 

-12 V 

AMPLIFIER 

ENERGY-LOSS TELESCOPE-Uses sensistors to drive coincidence circuit that feeds height-to-
help compensate for temperature effects. Cir- time converter.-D. Enemark, Balloon-Borne 

cuit normally employs two identical chan- Circuits Sort High-Altitude Cosmic Rays, Elec-

nels for the two multiplier phototubes, to tronics, 32:35, p 52-55. 

if ANT. 4.9K 

+14IV 

9KC .0.03 I 
30KC.0.0068 

1,000 TURNS, 72 2,000 TURNS 
NO. 40 ON TOROIDAL ARNOLD 
31-7428-D1 CORE 

PULSE COMMAND MONITOR-Toroid in con-

trol electrode circuit of solid-state thyratron 

QI triggers circuit on when command pulse 

passes through insulated conductor, without 

affecting command circuit for such critical 
functions as arming of missile.-R. C. Wright, 

Collecting Data from Live Missiles in Flight, 

Electronics, 34:12, p 46-49. 

+I35V 

COUNTER 
INPUT 

0.02 

+24V 

IM 

4.7K 
0.1 

560 
TO 
4K 

220 

5875 

V2 5875 
V3 

METEOROLOGICAL 

IIOK TRANSDUCER 
0.022 —T  (HYPSOMETER) 

9KC. 510pF 
30KC 250pF 

220 

250K 
TUNING 

I.5K 

+12V 

20 20 

 11-

8.2K 2NI85 
07 

300 

-6V 

22K 

10 27K 

\2N185 

) QI 

22K 

56K 

1.5K 

10K 

56K 

2N332 

02 

+I2V 

10K e 22K 
10 10 

L1.7K .=. 10 = 10 

2N332   
03 0 100K 

SENS 
ADJ 

2NI85 

22K 

04 

f2N332 
05 

 NINA.  

4.71( 

8.2K 

I.5K 

0.1 

e 68K TO.02 
2N332 

06 

22K 

25K 

10K 

IK 

NEUTRON-COUNTING TRANSMITTER-Used amplitude trigger subcarrier gate that in turn System for Balloon-Borne Neutron Detect'on, 

with cosmic-ray neutron counter to drive con- frequency-modulates r-f carrier.-L. Hillman Electronics, 34:11, p 60-63. 
ventional radiosonde. Signals above pr  and R. C. Haymes, Modifying a Telemetry 
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SCANNER 
OUTPUT 

IN483 
11101  

SCALE-
OF- 16 
FROM 
SCANNER 

-6V 

—5v 

ANEMOVANE AUDIO OSCILLATOR—Used for 

telemetering wind velocity. Cam switch 

closes for each mile of wind that passes the 

anemometer cups, applying voltage to Cl 

and C2 in series and making QI conduct 

and pull in Kl. This energizes velocity audio 

oscillator of telemetry system.— R. Beaulieu 

and G. Neal, Wind Velocity Telemetering 

System, Electronics, 33:29, p 68-70. 

33K 

1N483 

68K 

20K 

51K 

3µ3t111 

o 
o 

I.5µH 

CRYSTAL 

0.8 
TO 
8.5 

OSC 

68 1,000 

82 

1,000 

1,000 

5do 
TO I -11.8V 

MULT (-1  

+1.3V 

LUNAR PROBE TRANSMITTER—Five subcar-

rier channels are used in f-m/p.m systems to 

transmit ion density, two levels of micro-

ANEMOVANE 

1,000 
DOUBLER 

0.8 
TO 
8.5 

+6V -28V -I8V 

2N4I7 

KI 

1 

L__ 

TRANSMITTER 

K2 

MODULATOR 

+6V 

WE450I5 

12.2 
»H 

-I5.6V 

1 
Il 
II 
Il 

OPER 
MODE 

TO 
INDICATOR 
LAMP 

0.8 TO 8. 

, 
TÍ 

-28V 

TO MOTOR-
ING OPERATED 

SWITCHES 
1 92,S3 

11.2 V 

  TO SPEED 
OSC 

MALFUNCTION MONITOR—Used for monitor-

ing missile in flight while maintaining radio 

silence of telemetry transmitter unless abnor-

mal condition is detected. After arming of 

missile, monitor can be used to transmit mis-

sile kill data.—R. C. Wright, Collecting Data 

from Live Missiles in Flight, Electronics, 34:12, 

p 46-49. 

IN FROM COMMAND REC 

AMPLIFIER 

2.2 

WE 45015(2) 

.....r 2.2 

ALL CAPS IN µµF 

K. X 1,000 

meteorite particle impacts, magnetic field 

strength, and compartment temperature. 

Output stage uses four transistors in push-

500 

1,000 

OUT 

330 

1 5 µ H 

500 

pull parallel to give 400 mw output.—R. R. 

Bennett et al., Circuits for Space Probes, 

Electronics, 32:25, p 55-57. 
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100K 

33K 

270K 
3.9K 

12,300 CPS 
( 100K-\ 1,500µµF 

2N78 

2NI39 

270K 470 

3.9K 

IN FROM 1. 
1. 

SCALERS o 

0.25 
R2 IMEG IN FROM 

IN FROM BAROMETER —MA— ION CHAMBER 

-I2V 

350- , I80p.p.F 
-6V 

A A - 1 

"v 
100K 

0.25 

r 

100K 0.25 

7,350 CPS 
3,000F 

2N139 

-I2V 350-1,180 1.4.1.i.F 
C5 

 OUT TO -6V 

MODULATOR 

100K 

PDM KEYER—High linearity, low crosstalk 

and jitter, and high effective input imped-

ance are provided by transistor pulse-dura-

tion-modulation keyer. Circuit includes bi-

stable flip-flop, linear ramp generator, and 

voltage comparator. Output pulse widths 

vary with signal amplitude.—D. A. Williams 

Jr., Transistors Ruggedize Airborne Teleme-

try Keyer, Electronics, 31:37, p 81-83. 

MOD /TEL EMETERING 
* 3.301 

INPUT I AMPL Et E3 
  1 

L_L O..2.PF 

E3 
+I5.6V 

K:X 1,000 5MA 

I 02 I 
I E217 

I08.03MC 

390 
500pF 

SV-8 680 

500pF 1 1L - 500pF 

PHASE 
MOD 

-F24V 10 MA 

TIMER 

IN 
1196K 

Dy 
IR 
SVI22 

68K 200 —  I5K 
270K iap.F 11:000 TOO 

01 
2NII7 

SIG 

IN 10K 

  D4 

1N300 
CI 
100 

..24V I5MA 

5 IN300A 

562 

C, C5 
100pF T, 100pF 

0.14H 

C3 

8-18 pF 

0.15e 

C4 

15pF 

L3 
3.3g H 

II CR2 

Ii XCI20-47 

CG 
24pF 10pF 

hHHh 

0.02 

68 1-K-1 

TRIGGER DELAY2.2K 

10K 

DELAY 

02 
2N490 

300,uja F 

ON 

VOLTAGE COMPARATOR COMPARATOR 

STABLE SUBCARRIER OSCILLATOR—Two Col-

pitts oscillators, designed for 7,350 cps and 

12,300 cps, are used with reactance-type fre-

quency modulation. Input stage of each os-

cillator is temperature-stabilized by d-c feed-

back.—D. Enemark, Balloon-Borne Circuits 

Sort High-Altitude Cosmic Rays, Electronics, 

32:35, p 5255. 

0, 
2N1I7 

0µµF 

H(— • 

33K 

FLIP-FLOP 

04 
2N1I7 

8.2K 33K 

619 100 K IN625 
18625 

2N1I7 

8.2K = 

  100K JL 

330,F 18459 
  1 2N3838 2N1I8 30K 

28117 

1.21K IR SVI22 

RAMP GENERATOR 

L4 

11 

500pF 

500pF 

DRIVER 
lr 
II 34pF 

I I 

360K 

1,000 

ZERO SET 

6.8K 

R, OUTPUT 

20K 

D2 
18462 

PS550 20K 

FI4 J Ry 
40K 

C1 
800µµF 

03 
SCL700217 18, PF 

* -L 

500pF 

POWER 
AMPL 
0.8-5pF 

47pF 

04 
1_214 

JI 

= 500pF (... 43pF 

E5 * DISTRIBUTED CAPACITY E6 

+I5.6V COMMON GRO FOR + 15.6V 
11.5M4 ALL MODULES 35MA 300MW OUT TO ANTENNA 

SATELLITE TRANSMITTER—Novel phase modu- ability. Transmitter has output of 300 mw at Fisher, W. R. Talbert, and W. R. Chittenden, 

lator, based on bridged-T network, gives sim- 108 Mc for telemetering data for up to 18 Telemetry Transmitter for Radiation Satellite, 

ple design along with wide modulating cap- months from Van Allen radiation belt.—A. J. Electronics, 33:19, p 68-69. 
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PCM TELEMETRY MULTIPLEXER—Permits gate. 
switching transistors QI-Q2 to double in ring 

counter and control sequencing. Uses four. 
diode bridge for each gate, with single 

transformer-coupled floating voltage source 

switched to each gate in succession by two-
transistor switching gate.—R. C. Onstad, 

Solid-State 30-Channel Multiplexer Designed 
for Minimum Components, Electronics, 34:40, 

p 77-79. 

150 CPS 
FROM 
PCM 

TIMING 
FUl_ 

fr.100 MC 

IN3712 

CI 1.5- 5.0pf VARIABLE 

C2 .047 TO 0.2»fd 

LI e 0.2».h (6 TURNS * 16, 3/8" ID.) 

PPM DEMODULATOR—Input is modified two-

input semiconductor diode and gate, driving 

bistable mvbr, modified bootstrap sweep, and 
filter to give d-c dota voltage output.—L. 
Wxisman, Telemetry Demodulator Using Mod-

ified And Gate, Electronics, 32:8, p 54-57. 

INPUT I 

IOPPS 
J-L 

15:1 
DIVIDER 

10K 

2N1580 

28V 

2N495 

INPUT 2 

00I( 
IN456 

1 (4) 

1(,7540 
10 K 

%M.  
10 K 

1N456 

2N335 

IN45E, 
1K IV,'513A 

KIN456 

} TO PCM CODER 

1.5VOI6M.A. 
- 

INPUT 
IE-----°SENSITIVITY 500»V 

100»fd 
2N27I2 

-+28V -6V 

Dl 

PULSES 
N A 

GATE I   
IN B 02 

+150V 

GATE II  04 
IN STM 

0.047 E 
4.7 MEG 

N 
7530 

 - 

IN753A IN749A 

TO ODD GATES 

TO EVEN GATES 

COMMON 
OUTPUT 

100-MC LINK TRANSMITTER—Signal picked 
up by microphone is amplified by first 
2N2712, which turns off second 2N2712, al-

lowing Cl to charge up and fire 2N2840 
unijunction oscillator, producing pulse that 
modulates tunnel-diode transmitter.—"Tran-

sister Manual," Seventh Edition, General 

Electric Co., 1964, p 362. 

-6V VARIABLE 8+ 

06 
22K 

100K 
r, 03 
Li ST32 

- 6V 

R2 
10 MEG 

F 

6H 

-6V 

10 K 

Ks X 1,000 

Ci 

c8 
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F-M MODULATOR—Provides at leaet 200 kc 

deviation when applied to base of oscillator 

transistor, before severe distortion sets in. 

Feedback keeps output impedance low.— D. 

Enemark, Transistors Improve Telemeter Trans-

mitter, Electronics, 32:11, p 136-137. 

-6V 

470µµF 

10K 

BASIC SCALER— Each scaler stage is bistable 

circuit with trigger amplifiers between each 

pair of stages. Used to make 512 counts 

from ion chamber give one output to tele-

metry system.— D. Enemark, Balloon-Borne 

Circuits Sort High-Altitude Cosmic Rays, 

Electronics, 32:35, p 52-55. 

DATA 
INPUT 
SIG 

IMEG 

-108 

27k 

PHASE INVERTER 
VI 

+150 

4.7K 

DATA INJECTION CONTROL 

1/2 5670 
1MEG 

V2 INJECTION 

1/2 5670 

=. 2.26K 3.65K 

DATA 
GAIN 

-108 
2.26K 3.65K 

1 1/2 5670 /2 5670 

4.7K 1 MEG 

1/2 5670 

V3 

OS C 
03 

14E53194 5°° 
x - 1 
u. eiktF 
CV 

330 

1.3 V 

60-MW TRANSMITTER—Amplitude modulation 
is applied at collector of amplifier-doubler Explorer I 

Q4.—H. L. Richter et al., Instrumenting the 39-43. 

1-5 

DOUBLER - BUFFER 
04 

WE53194 

u_ 
1-
e? 

000 
p.pf 

1/2 5670 

4150 

POST-DETECTION DIVERSITY COMBINER—Can 

handle any IRIG modulating signal and feed 

any telemetry receiver having external agc 

K X 1,000 

TO ANT 

05 
AmpL 2N328 

10 
820T 

TO SUBCARRIER 
OSCILLATORS 

Satellite, Electronics, 32:6, 

ANALOG 
INPUT 

R 
600 

s,r D 

/ D2 

Q2 C) 

R3 R4 
7K 7K 

CHANNEL 
DRIVE 
SIGNAL 

3 

TO 
ADDITIONAL 
CHANNELS 

OUTPUT 
TO 
AMPL 

CONTROL 
SIGNAL 
INJECT-
ION 
(FROM 
CONTROL 
AMPLI 

MICRO-MULTIPLEXER—Solid-state high speed 

time-division commutator connects several 

low-level inputs, one at a time, to common 

differential bus. Each multiplexer channel 

consists of two transistor switch pairs.—J. V. 

Dirocco and J. W. Peghiny, Low-Level En-

coding Approach: Latest Details of Titan II 

Telemetry, Electronics, 35:47, p 36-39. 

COMBINER 
V4 

+250 

I/2 5670 

COMBINED DATA 
(IN PHASE 

R 

2.26K 

FROM MODULES 2,3,4 
R4 

500 COMBINER 
BALANCE 

+150 

R6 
2.26K 

1/2 5670 

BALANCE 

OPERATE 
COMBINED DATA 
(OUT OF PHASE) 

FROM 
MODULES 

2,3,4 

R2 
20K 

COMPENSATED 
ATT 

BUFFER DIFFERENTIAL 
V5 AMPL 

+135 V6 

+150V 2.7K 
1.0 

COMPENSATED 
ATT 

+ 250 

output. Will combine two, three, or four 

channels.—W. Casson and R. C. Robinson, 40-43. 

Versatile Diversity Combiner Handles Most 

+150 +135 

ln I 
--- MEG 

10K 

BUFFER 
CATH FOLL 

+150i V7 

5670 
TO 
DATA 
AMPL 

DATA 
MONITOR 

Missile-Range Signals, Electronics, 35:44, 

TO 
PULSE 
SHAPER 
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Ii 

3mH 

5IK 

GAGE 
80pF 

 I(  

 C)121,1336 

0.003 -=--

PROJECTILE ACCELERATION TELEMETER—Mi-

crowave signal at 24,000 Mc is aimed down 

barrel of howitzer by sheet aluminum re-

flector that is replaced after each firing. Var-

iations in reflection coefficient of ferrite device 

FIVE-FREQUENCY OSCILLATOR—Two-transis-

tor circuit generates up to five different tones 

simultaneously for five- bit parallel encoder 

for telemetry. Starting transients are built 

up in individual series-tank circuits. Ampli-

tude of oscillation stabilizes at value where 

energy from negative-resistance source equals 

energy lost in tanks.— R. Stapelfeldt, Multitone 

Oscillators— New Source of Simultaneous Fre-

quencies, Electronics, 36:1, p 86-87. 

10K 

^ 100 p F 

15 K 

2N850 
(114 51) 

-"TRANSDUCER 
7*' 

1K 

10K 

0.01 

on projectile nose modulate reflected micro-

wave signal from moving projectile, at fre-

quency dependent on acceleration. Circuit 

shows encapsulated transducer mounted on 

nose. Capacitance gage produces frequency 

leoon 

75p F 

TpF 
100 

FERRITE 
CORE 
MODULATOF 

3 mH 

shif of 70-kc subcarrier that is proportional 

to acceleration, for driving ferrite- core mod-

ulator through amplifier stage.—W. M. Kend-

rick and L. A. Peters, Projectile Telemetry with 

Microwaves, Electronics, 33:38, p 68-71. 

Ln C, 

-K G 10+12 VOLTS 

I K V 0152 

¡1N625 41N625 

ANT.— 
OSC 

COIL 

PROJECTILE NOSE PRESSURE TELEMETER—Var-

iable-capacitance presswe tronsclucci modu-

lates 150-Mc carrier for telemetering stagna-

tion pressure at nose of projectile during 

flight. Antenna-oscillator coil has four turns 

of No. 24 AWG wire, 0.16 inch inside dia-

meter.-0. H. Bock and P. L. Clemens, Aero-

dynamic Measurements in a Hypervelocity 

Gun Range, Electronics, 34:44, p 33-37. 

5.2 V 

150 

IN625 ZIN625 ilN625 27 2NI308 

L2 L 3 114 

T c2 T c3 T c4 

,; sw2 \ sw3 sw4 

33 
82 

220 

2N64 

2 N652 

OUTPUT 

ANY 
COMBINATION 
OF fi 
THROUGH f5 

HD 2I73 

TO SCALER 

*ADJUST TO 
VALUE 20% 
BELOW START OF 
OSCILLATION 

+2.6V (COMMON) 

CURRENT-CONTROLLED SUBCARRIER OSCIL-

LATOR— Uses time-controlled reactance modu-

lution. Operating Lequency is altered by in• 

troducing alternating current having same 

frequency but 90° out of phase with oscil-

lator voltage. Frequency shift thus produced 

is proportional to amount of additional cur-

rent fed into tuned circuit.— H. L. Richter et 

al., Instrumenting the Explorer I Satellite, 

Electronics, 32:6, p 39-43. 
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: +2.6V (COMMON) X X1,000 

RESISTANCE-CONTROLLED SUBCARRIER OS-

CILLATOR-Required 7.5% frequency deviation 

is obtained with ratio of 1.5 for Cl/C2.-H. 
L. Richter et al., Instrumenting the Explorer I 

Satellite, Electronics, 32:6, p 39-43. 

BUFFER 
CATH FOLL 

V7 

COMBINED 
DATA 

DATA 
MONITOR 

+150 

2.2K 

0.47 

IMEGI 

CLIPPING 
LEVEL 

INFORMATION TO 
REMOTE STATION 

10K +6 

4-2o/hsEc 

O 

2NI303 

4:4:1 
(PEC 4040) 

VIDEO AMPL 
V8 

+150 

5.6K 

5670 

0.47 

PULSE RESHAPER-Serves as output amplifier 

for pcm and pdm signals from diversity 

combiner circuit. Over-amplification and clip-

+6V 

3.9K 

1N279 

1N279 

2NI303 

BUFFER 
AMPL 
V9A 

+150 

-6V 

TELEPHONE LINE 
TO REMOTE STATION 

MOD IN 

+1.34 V 
R1 

ABOUT 
1,500 

OSCILLATOR 

=.0.01 01 
GF 45011 

c, I 

[L2 
T 4 AuF 

1-30 
C3 

 If-
2.7 0.001 

AMPL 
GF 45011 5 AA F 

^8 1-18 
F 

2 

Le 
A H . 

5T* 

15.6K 

Kr.X 1,000 e 

+6V 

680 

0.001 

5-r C4 

C? 4,F 
1-18 

6.8 

.44,1 F I  

2.7AH R2 

ABOUT 120 

-24V + I.34V 

TO 50-OHM 
ANTENNA 

-24V- 2.7..A..&.H,. 

F-M TRANSMITTER-Provides 250 mw at 92 

Mc, for use with balloon-borne ionizing ra-
diation detectors. Variable-frequency oscil-

lator can be used because only moderate 

stability is required.-D. Enemark, Transistors 

Improve Telemeter Transmitter, Electronics, 
32:11, p 136-137. 

INFORMATION FROM 
REMOTE STATION 

+6 

UT  ii_6 
4- 10 - 20 

»SEC 

-4 IN. DIA NO.14 
et TAP AT TURNS 

40,000 BITS PER SEC OVER PHONE LINE-For 

-12V - 6V interconnecting computers, one-transistor line 
driver and wave shaper permit transmitting 

-6V 40,000 bits per second up to half a mile over 

standard voice-grade phone lines. Three-tran-

sistor line receiver and pulse slicer receive 

data.-R. M. Lee, Speeding Digital Data Over 

Phone Lines, Electronics, 36:39, p 30-31. 

RI 
120 I 

+1/2 P-P 

P-P OV 

1/2 5670 - 1/2 P- P 
y  

0.47 

CLAMPING PULSE 
LEVEL SHAPER 

+150 V10 

IN277 
= CLAMPIN 

DIODE 
L  I PEAK DETECTING 

SIGNAL RECTIFIER + 150 

1/25670 

0.47 I  MEG47 

22K 

CATH FOLL 
DRIVER 

V115 

IK 
1/2 5670 R8 

V108 
1/2 5670 

EDC= + 
1/2 P-P I.5K 

SYMMETRY 
COMPENSATION 
(CATH FOLL 

V9B 

-108 
ping stages give fast rise and decay time 

without risk of false triggering.-W. Casson 

PULSE HEIGHT 

0.47 

1/2 5670 

IIA 

PULSE 
POWER 
AMPL 
Qi 

1/2 5670 +9.2 

22K 

-108 

CLAMPING DIODE 
(D-C RESTORATION) 

01 

2NI072 

75 

3V P- P 
4.7K 

-38 

and R. C. Robinson, Versatile Diversity Com-
biner Handles Most Missile-Range Signals, 

Electronics, 35:44, p 40-43. 
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WIND VELOCITY DECODER—Each of nine de-

coders in receiver of wind direction and 

velocity telemetering system has notch filter 

of different frequency. At resonant frequency 

of filter, desired audio tone is blocked, caus-

ing thyratron to fire for part of every supply 

OSC 02 
500 R1 30 
µp.F F 20-40 

LOW-POWER 54-MC TRANSMITTER—Draws 

only 5 ma at 8 y d-c. Phase modulation is 

produced by varying voltage applied to col-

6.3V 60'l, 
IN38 

AS 

 ***— vs"— 120V 60'l, 
2D2I 50 

I n  

,LJ____J TO ANEMOGRAPH PEN 
4-6V 

voltage cycle. Resulting pulsating d-c pulls 

in sensitive plate relay, operating pen of 

anemograph.— R. Beaulieu and G. Neal, Wind 

Velocity Telemetering System, Electronics, 

33:29, p 68-70. 

c, DOUBLER — BUFFER 

TO SUBCARRIER 
OSCILLATORS 

lector of 01.—H. L. Richter et al., Instrument-

ing the Explorer I Satellite, Electronics, 32:6, 

p 39-43. 



CHAPTER 87 

Television Camera Circuits 

IN 

IM 

0.04 

R1 - 

56.2K 

47K 
AA  

68K 

lOnF 

HF-

250 
pf 

ee.  

3-30 
[PF 

f 5- 60 
pF 

100K 

50nF 
500K  It  

VI 

12Ax7 

10 
1.8K — 

47K 

2.7K ; 

I2K: 

100 

+250V 

T1   

2.7K 

0.22 

rr 
V2 

7360 

5K 

K 

47K 

1 10 

0.1 

VIDEO 

INPUT 

470K 

FLAT-TV GENERATOR-MODULATOR- R-C gen-

erator VI, generating one of nine differ-

ent carrier frequencies, feeds deflection plate 

of beam deflection tube V2, while video 
modulation from camera is fed to grid 1 of 

V2 to modulate the carrier.- B. Binggeli and 

E. Fatuzzo, Solid-State Panels: Will They 

Bring Flat- Display TV?, Electronics, 35:26, p 

67-70. 

_I_ 
35 35 

I I 8 
5.6K 10K 

15 

3.3K 

15 

12K _68pFI 
15 

60-120mH 

270 

".,10K 

02 ( 
0C170 \ 

+ 44V 

+ 22V 

HF R3 
PEAKER 10K 

10K 

o 3 
0C170 

3.9 
I5K 

270 
47K 

15 

4.7K 

22K 

2.2K 10K 0 4 

0C170 

10t 

R2 4 

100K r 

7+7 

NUVISTOR TRANSISTOR 

ERA PREAMP-Noise figure is 3 

TARGET-

150K 

t 

FOCUS. 0.02 
22K 

-r,—  0.02 

_L 
scope.- R. N. Riggs, Ultraviolet Space Tele-

CASCODED TV CAM- video▪  bandwidth about 6 Mc. - Used with scope Will Scan the Stars, Electronics, 35:46, 

db and uvicon camera tube for ultraviolent tele- p 37-43. 

+260V 

TO 
>UNIT 

10K 

100K 
BEAM 22K 

734 
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FROM 5TH 
VIDEO STAGE 

APERTURE-CORRECTING CIRCUIT—Diode D2 

of keyed clamp acts as conventional peak 

rectifier d-c restorer for tv camera circuit. 

—D. G. Carreon, Designing Transistorized 

Television Cameras, Electronics, 33:37, p 

72-75. 

VIDICON DEFLECTION YOKE 
NOR 63 MN, 0.3K 
VERT 130 MH, 0.46K 

HOP 

VERT 

HOP 

VIDICON 
RCA-7038 0.01 

G 

„«.1_ 510K 

MOTOR-
DRIVEN 
1 REV/SEC 
SWI TCH 

°18 

I K 

+60V — 24V 

VERT 

5.6K 5.6K 

CM 5703 

+50 MOTOR-DRIVEN 
50K TARGET VOLTS CONTRO 

VERTICAL 

1.2 K 

0.15 180 

HOP 
FLYBACK 

100 500 

2 HOP 7K 
RATE 

7 20K 
AIRBORNE TV SUNSPOT CAMERA—Used 

with slow scan tv system for high-altitude 

solar photography from balloon. Uses 500-

cps horizontal scan without interlace for 

20K 5.1 K 

500 
VERT 
SIZE 

100 

68pr 

APERTURE 
CORRECTION 

—15V 

30 I.5K SV7 30FE 

20K 

100 

50-230 
PF 

780 pF 
•--I 

R3 
C2 33K 
5 T 

KEYING PULSES 

EMITTER 
FOLLCwFR 

KEYED 
GLAND 

4.3K 1K 820 
VIDEO 
GAIN 

3,000 200 

VIDEO AMPLIFIER 
24V 

VERT 
IK I 
VERT 5K 
CENT 

DEFLECTION CIRCUIT 

390K 4.7K 

IN457 

IN457 0.1 

220K 

15K 4.7K 

270 

100 
25_ 56K 820 

IN 457 

56K 47K 820 

60I-C K 
111,t  

10K 

— 24V 

BLANKING CIRCUIT 

I N457 

10K 047 

HOR 
SIZE 
2.5K 

1.5 K 

4.7 

HORIZONTAL DEFLECTION CIRCUIT 
500-line resolution, requiring 200-kc band-

width. Video output of camera goes to 

2-w commercial 225.7-Mc f-m telemetry trans-

mitter exciting 10-w power stage.-1.. E. Flory 

—20V 

TO VIDEO LINE AMPL 

-6V 

N457 

-4g 10 10 

TELEMETRY 
TRANSMITTER 

500 MOTOR - DRIVEN 
BLACK LEVEL CONTROL 

-24V 

TRANSISTOR LEGEND 

Ql , 03. 04 

02 

02 . 4..?,7,  03, 4516 — 2N585 
Op..21 , . 23 

06 

Q8. 09, 010 , 018 

a 20, a22 

0 II , a15   

0 12   

Om , 019 

a 24 

2N247 

2N388 

2NI703 

— 2N404 

2N270 

2N109 

2N335 

2N497 OR 
2N498 

0.01 

4H 
621( 

12 t< 750 100 

11,1457 

1.5 K 

25 100 

T 
NOR CFNIT--"e - 24V MOR 

et al., Television System for Stratoscope I, 

Electronics, 33;25, p 49-53. 
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—6V 

R2 
€80 

02 
2N270 

OUTPUT 

4.7K 

31.5-KC CRYSTAL OSCILLATOR—Provides sync 

signals for tv camera sweeps. Crystal vi-

brates in lowest-frequency natural mode of 

long thin bars, resulting in high impedance 

and difficulty in exciting crystal, and making 

it necessary to use two transistors in symmet-

rical collector-coupled mvbr oscillator.— D. G. 

Carreon, Designing Transistorized Television 

Cameras, Electronics, 33:37, p 72-75. 

—20V 

C6 

C7 

25 

Cg 

F OUT 
2.2 pr 75 OHMS 

C 8 

3.3PF 

R-F MODULATOR—Crystal frequency is half 

the desired r-f value. L2 and C3 are tuned 

to second harmonic to give desired r-f chan-

nel for tv camera. R-f output is 50 mv into 

75-ohm load.—D. G. Carreon, Designing Tran-

sistorized Television Cameras, Electronics, 

33:37, p 72-75. 

270 

H DRIVE 

+20V 
680 

2700pF 

I(  

10K 

If-
47pF 

6.8K 680 

3.9K 

—350 

fP7-6 

653C 

L 
270 

0.5 

I K 

4.7 

+14V 

4.7K 

2 

330 

56K 

GND 
150 

07 
2N3014 

o, 
2N30IA 

180 

100 
02 IN7141 

) 2N520A 

BAT 
+35V 
+24V 

4.7K 

IN46-; 

03 

GTI325 

2.2K 1N714 

GND TELEMETER 

15,000 V FOR UVICON—Holds voltage and 

current output within 1% for 10% in-

crease or decrease in input. Saturation, re-

2.2K 

FEEDBACK 

/-----  350 8.2K 

.----'7350 8.2K 

INPUT 

2.7K 

SD 

ti  
1N128 

l;ND 

1N1329 0.0047 

14 14 i) 

 t4 

4 

02 - 
1N93 4 

300M 

I 5KV 

-11 
500pF 

<> 

75 M sl> 

EXTERNAL/: 
BLEEDER I 

lated to load current, is sampled at termi-

nals 1 and 2 of output transformer and ap-

plied as feedback to control asymmetry of 

I3.5KV 

540 r.1 

mvbr Q4-Q5, for current control function. 

Output current is about 15 microamp.—R. N. 

Riggs, Ultraviolet Space Telescope Will Scan 

the Stars, Electronics, 35:46, p 37:43. 
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-6V 

M330 

10K 

100 

DELAY LINE 
TERMINALS 

4K 

SYNC SIGNAL DISTRIBUTOR-Integrated cir-

cuit on two chips distributes synchroniz-

ing signal to many television cameras in 

studio. Delay circuit may be added if 

needed. Emitter-follower output stage uses 

Darlington connection for maximum input — 

M331 

-20V 

47K 

FROM FIRST  1(  
VIDEO STAGE 

0.5 

15K 
AUTOMATIC VIDEO GAIN CONTROL-R1 ad-

justs low-frequency gain of camera video am-

plifier. Gain control over entire video band 

is achieved by nonlinear dynamic impedance 

characteristic of DI and D2.-D. G. Carreon, 

Designing Transistorized Television Cameras, 

Electronics, 33:37, p 72-75. 

+200V 

TO 
P828 0.47M 

VIDICON 
TARGET 

47K 1,>. 

IC2 
12 
=7 

R12 
56K 

PCC89 
0.1 

R11 
3.3M 

0.27M 

R9 R10 
5.6K 0.1M 

VIDEO AMPL 

3.3K 

0.33M 

R6 
I.5M 

Rs 

IM 

0.01 

TO 
VIDEO 
AMPL 

R7 
0.47M 

-100V 

AUTOMATIC SENSITIVITY CONTROL FOR 

VIDICON-Positive-going blanked video on 

grid of video amplifier output stage V3A 

1E-

2 

0---

IK 

TO VIDEO 
Fit-PEAKER 

0.5 
01 

2N384 

VIDEO 
IN 

CI 
25 DI 
IN295x 
-r  2.2K 220 pF  

M331 

-El(  
C2 
56 

.2 1N295 

22K 

-= 

-6V 

0 V 

4 
,̂6V 

impedance, while chip for output section 

(right) uses Darlington to obtain high d-c 

current gain.-Y. Tarui, Japan Seeks Its Own 

Route to Improved IC Techniques, Electronics, 

38:25, p 90-98. 

C.11 

56 

EMITTER FOLLOWER 

R2 
2K 

100 

VIDEO 
LINE AMPL 

IK 

1.5K 

VIDEO AGC 

AGC AMPL 

R2 
2.2K, 15K 

3 

0.1 

0.25? 
DI . 

GEX34 

V3A 

IN 

30F LI 

10K 

V38 

100 
4.7M 

R4 CI == D3 D2 R5 
AGC 2.2M 0.25 GE X34 GEX34r4 4.7K -2-

• « • Of + 10V 

RI 

470 

serves to produce negative asc vo tage that input to vidicon 

increases with camera signal, to reduce gain Kidd, Automatic Sensitivity Control for Vidi-

of first video amplifier stage V2A when light con TV Camera, Electronics, 35:6, p 52. 

+200V 

0.1 

 It SYNC 

VIDEO 
OUT 

camera increases.-P. C. 
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HCR1Z 
DRIVE 

280V 

IN 

OUT 

6AN8 0.1 

-àl'6AN8 

0.01 
360K 

• 36K 568Z7 

2000.uP F 

EAL5 

20-Ak 

20 

1 H 

1 

pco 
0.3 

ICO 
, VIDEO I 
GAIN >MEG 

el20 

MEG' 7 1. 

150K 
_L I. -

bii€G 

15K 

0,1 

150K 

-1-6827 

620 

6AL 5 
1251 

2.5K 

MEG MEG$ 

  10K 
CLIPPI 
LEVEL 

0.1= 

15K isoK 

33K 

470 

IN34 

15MH Z 0.01 

00ue 

120 "," 1N34 

0.1 

46ANI3 

220 

CAMERA HIGHLIGHT EQUALIZER—Provides 

better signal-to- signal noise ratio and im-

proved definition over conventional aper-

ture equalizers covering full brightness range. 

1.0 

II 
/MEG 

47 
0.1 

VIA 
461327 

250 

V1E1 
461327  1 

MEG 

220 

2.5K /2 
'6CL6 125 

68 

10K 

6CL6 

6 

DELAY 
CABLE 

,50K 

e 10K 75 

75 

APER 
ECUAL 

20 

Since most image orthicon noise is in low 

light region, improvement is achieved by 

dividing signal into two parts and equaliz-

ing only relatively quiet highlight portion. 

Complete video signal is amplified and ap-

plied to white clipper and to difference am-

20 

820 

0.1 

I5K 

531JH 

68I4 

6AN8 

25K 

Nib 220 

,r 

: 
0.5 
MEG 

20 

¿È 125 

68 

10K 

plifier V1-V2. Horizontal drive is also ap-

plied to clamp portion of circuit. Video signal 

is clamped at white clipper, where high-

lights are clipped from signal.—M. V. Sulli-

van, Highlight Equalizer Sharpens Tv Pic-

tures, Electronics, 31:3, p 72-74. 



CHAPTER 88 

Television Circuits—Black-and-White 

AUTOMATIC LOCAL-FRINGE TUNING—Com-
plete automatic fine tuning system com-

bines features of fringe switching and auto-

matic-manual operation. Switching transients 

are reduced by 180-mmfd capacitor.—C. W. 

Baugh, Jr., and L. J. Sienkiewicz, Sound Signal 

Tunes Tv Automatically, Electronics, 31:17, 

p 54-58. 

20 

e 4.7K 
DYNAMIC 
MICROPHONE 

11:1(  
204. 

4.5 MC 
FROM 
VIDEO AMP 

4.7 

500K 

— D-C 
FROM 
SECOND LOW B+ 
DEI SUPPLY 

1/2 6AU8 
SOUND 
IF & AFT 

220 
m£F 

220 
T  AMPLITUDE DET 
  c 14p.H • 

kike 

100 
47 0.0047 

p.i.LF 68K 
68 

10.0047 

1/2 6 AU8 1001 

loo 

I2K 

IF INPUT  e 

lop.µF 

2K 

T-

200 

1+20 

22K 
4 

2K 
4 

470 470 

ALL TRANSISTORS 

LASER TV—Audio driver delivers 300 y peak "r YPE 2NI958 

SLUG 
TUNED 

1.4 

800 
p.µF 

TO ALL LOW 
8+ POINTS 

14µH 

38N6 
F- M DET 

REACTANCE 
CONTROL 

14µH 5m/LE 

-r-• 800 

1N87G 

5p.p. F 

14µFil 
800 

RECEIVER 

510e 

 E1I ST IF 

TRIAD 
TY26X 

20V 

220 

TO OPTICAL 
MODULATOR 

Television System Developed With Off-The-
to peak to KDP optical modulator control- ling gas laser.—C. J. Peter et al., Laser- Shelf Equipment, Electronics, 38:3, p 75-78. 
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K . XI,000. 

-6V 
CCTV RECEIVING TERMINAL-Used with re-

peater (not shown) that makes up for loss 

in last section of cable. Amplifier then raises 

level about 10 db. Selective negative feed-

back improves transmission characteristic 

CONTROL 
VOLTAGE 

Vb 

REACTANCE 

+12V 

over bandwidth of 3 to 17 Mc.- L. G. 

Schimpf, Carrier Transmission for Closed-

Circuit Television, Electronics, 32:24, p 66-

68. 

INDUCTIVE-TRANSISTOR SYNC LOCK-D-c 

bias of inductive-reactance transistor 02 is 

controlled by modulating voltage from oscil-

lator C/1.-Y. Fujimura and N. Mii, Automatic 

Frequency Control with Reactance Transis-

tors, Electronics, 33:40, p 97-99. 

I 4 V 

F- OUT 

OSCILLATOR 

10K 

INPUT 

3N 36 

K X 1,000 

3N 36 
I2T:3T 2IT:61 

(-• 
0.01 

3K 

3-12 
ssF 

0.01 

OUT 

CCTV 10-MC REPEATER-Has gain character-

istics to match losses in 0.5 mile of coaxial 

cable. Mismatching is used at input and be-

tween stages to stabilize gain and cut it 

down to required 18 db at 15 Mc.-L. G. 

Schimpf, Carrier Transmission for Closed-Cir-
cuit Television, Electronics, 32:24, p 66-68. 

TO MIXER-1 
C. 3pF 

.FINE 
I TUN-
ING 

4_20 
Cb MIXER 

0.001 

RFC 

GND+12V 

-I2V 
MESA-TRANSISTOR TUNER OSCILLATOR-Uses 

common-base transistor connection, which is 

regenerative at high frequencies. Additional 

feedback capacitance between emitter and 

collector assures dependable oscillation. With 

emitter current of 2 ma, circuit can supply 

about 20 times the 300 microwatts required 

by mixer. Sliding-core coil gives 2:1 change 

in inductance for fine tuning.-H. F. Cooke, 

Designing Tv Tuners with Mesa Transistors, 

Electronics, 33:15, p 64-69. 

AMPL AMPL 
-20V 

10K 

2K T. 

6.3V 

A- C POWER 
LINE 

AMPL SAW TOOTH AMPL 

2SAI7 

RI 
5K 5.IK 

I.5K 

(LINE PHASE CHANGE) 

LOCAL SYNC PULSE 

4.-tK 
10 220K 2SAI7 1-- SW I -A 

2 lo-

120SA3I7 °   
•-ce" t 02 

=0.1 6.2K 10K 
— 0 Ç 120 

-20V 

2SAI7 

012 

OelOK 
10 

— 0.01 2SC73 

I.5K 121 —  Q13 

DISC 
5.6K SD54X4 
10 Di 

2SAI7 

03 100 

4.7K 

PULSE AMPL 

2.2K 

2SAI7 
05 

2SC73 

O15 

AM PL 

AMPL INT NET AMPL AM PL GATE AMPL 

IK 
2SC73 I2K 

o 
4 

10 
SWI-B 

5.6K 

2SAI7 

510 

2.2K 

+2 MV 

2X2SA17 

2SC73 

0 17 

08 

680 

10 

CAPACITIVE-TRANSISTOR SYNC LOCK-Provides stable sync lock of signal generator against noise interference on tv station relay 
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.-24VDC 

HORIZONTAL DEFLECTION-Uses 200-v 15-

amp transistor with high power dissipation 

characteristics and low thermal resistance. 

Drive requirements are substantially re-

SYNC 

SOUND I. F. 

PRISM 
VIDEO 

DETECTOR 

500,, NY 

620 
• 33 V 

16KV 
ANODE 
VOLTAGE 

HORIZ. 
DEFL. 
COILS 

duced because transistor has high saturated 

current gain.-High-Power Nu-Base Germanium 

Transistors (Delco Radio ad), Electronics, 

39:7, p 20-21. 

10 K 

620 0»  MY 

E-41. CRI. 

022,4 FD 

10 K 1E10,4 NY 

6 

inn 6512 

AGC 

BI&AS 

K 

MM 2259 

100 PF 

4.5 MC 
TRAP 

0.0015r FD 27 

300,4 

TWO-STAGE SOLID-STATE VIDEO AMPLIFIER 

-Provides cathode drive for crt of tv re-

ceiver, along with sync takeoff from driver. 

Driver also serves as sync amplifier, first 

PF 

150 
CONTRAST 

• 150 V 

sound amplifier, and keyer for agc stage. 

-D. L. Wollensen, "Solid-State Television 

Video Amplifiers," Motorola Applicaticn Note 

AN-165, Dec. 1965. 

ACTUATING 
COIL 

150 

6.3 
VAC 

BIAS 
MAGNETA 

o 

HORIZONTAL SYNC TRANSIENT DISPLAY-

Reed switch operated at field frequency from 
a-c heater voltage, with permanent magnet 

providing magnetic bias to get 60 cps, per-

mits observing single transient continuously 

while making tv receiver circuit adjustment.-

M. B. Knight, Reed Switches for Breadboard-

ing, Electronics, 37:16, p 93. 

6EJ7/EF184 
3RD I- F 

230V 

3V 

0.0022 

0.001 
PF 3.36 

11V 

90µ11 

5.5 4.7 
PF PF 

4.7 
PF 

170»H 

1200 

4-1500 
275V PEAK PICTURE 

PEAK PICTURE CONTROL-Variable resistor 

in video detector load circuit can be ad-

justed to improve snowy pictures in fringe 

areas.-Tv Set Size Shrinks, Electronics, 36:23, 

p 22. 

1/2 6J08 
VIDEO AMP 

0.7V 

330 

20V 

2SAI7 

SD54 09 

100pF 

AMPL (NT NET 

AMPL V SEP V SEP 

REMOTE 

10K 4.7K VS 
IN 

1 -- 

2SC73 2SAI7 
0 10 II 10K 

AMPL 

50-F 1.2K 

5K 4.7K _L 

2SAI7 
0 18 51( 

2SC73 

2SAI7 

REACTANCE 

SWI-D 

IK 

0 020.05 2 

O 3 3 0 

12 

0.1 

V. LOCK PULSE 
OUT 

V. LOCK PULSE OUT 
I2K <68K 2,000pF 

10 31.5KC I5MH 

_L 

-T -4-
30pF 33K 

701_ 
pF 

2SAI7 

0 21 

OSC 

2SAI7 

47K 0.1 5K 022 
IK 

22K 10K 
+I2V 

AMPL 2.2K 

lr pF 
10.K 

0.01 

2SAI7 

Q23 
10K 

EXT IN ( FOR COLOR TV) 

3I.5KC I-  SYNC SIG GEN - 1 
- (+525 COUNTER 

c, OUT LAND WAVEFORMER) 

SW1-E -1- 
4 

M IT  
LOCAL LOCAL 

I H.D.  SYNC 

5.6K 

IK 

=== XTAL 
25A17 

O Q24 SC 

T5 

SWI POSITION 

1 POWER LINE LOCK 

2 EXT ( COLOR) 
3 EXT SYNC LOCK 

4 XTAL 

lines.-Y. Fujimura and N. Mii, Automatic Frequency Control with Reactance Transistors, Electronics, 33:40, p 97-99. 
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-38V 

VIDEO 
INPUT 
FROM 
DIST 
AMPL 

GAIN 
CONTROL-
CONTRAST 

10 

ONE-STAGE TRANSISTOR VIDEO AMPLIFIER— 

Overcomes Miller capacitance effect that 

normally causes excessive high-frequency 

rolloff. Intended for 12-inch and smaller b-w 

receivers, and provides direct cathode-ray 

drive. Bandwidth is 2 Mc. Uses MM2260 

npn high-voltage silicon epitaxial transis-

tor.—D. L. Wollesen, "A Single Stage Video 

Amplifier," Motorola Application Note AN-

186, Feb. 1966. 

TI 650 

TI 650 

8 650 

SYNC SEPARATOR 

0.005 - 38V 

3.3Kb 56K 

0.002 

Q13 

014 

47K 2K 

2/< 0.05 0.05 

- z- PHASE 
SPLITTER 

DIFFERENTIATOR 

-38V 

5IK 

0.45 

IIK IK 

REFERENCE 

SAWTOOTH GEN 

10K 2.2K 

101( 60 

HOR 
CENT 

_L 001 
(2) 

VIDEO 

DETECTOR 

73 PF 

- 0.047 

OK 10K 
0.01 

00 V SYNC I. AGC 

510 

5.1 K 

10 K 

39 K 

10 PF 

500ILH7 

SOO 
CONTRAST 

er2OK  
•EiLANKIVG 

WIDTH 
2.5M I— T  
VERT 

INTEGRATOR HOLD 

2.7K 

BALANCED PHASE DETECTOR 

0.47 

 1E--

U5K 

HOR HOLD" 

HOR 
SIZE 

C2 

0.47 

680 
• 

-38V 

120 
120 

@SV-7 
510 

16K 
250— 5v-7  

3.3k 

8.2K 2,71( YCKE  
[0 i2 

a 9 --;\°110 

) Ehl 

VE- RT 
CENT 

MM 2260 

100 

I.2K IV IM 

121sv-I3 

200 µHy 

VERT OSC 

VERT DEFLECTION AMPL 

60  

11 60 

220 220 

-38V 

-38V 

I.2K 60 

-CH  

500 

HOR OSC 
HOR 

SAWTOOTH GEN 

iOOK   

CRT 

SOUND 
LF. 

VERT 
SIZE 

Di 11:11( 
601C 51 

VERT SAWTOO▪ TH 
GEN 

-38V 

SV -7 3.9K 
220 

1N457 

510 2.2K 

VIDEO AMPL 

HOR 
COILS 

3.9K 

NOR DEFLECTION AMPL 
2 0 3.9K 

820 15K 

-75V 

TO 
KINESCOPE 

GRID 

1.5M 60IC 

 1 
4 
FROM 

BRIGHTNESS CONTROL 

2.71 DETECTING ERROR 

AMPL 

325 

47 

01, 07, Q8,0l7.QI9,02I,O292N5B5 

05, 015  2N335 

TRANSISTOR LEGEND 

02, 03, 04, 116, 09, 012,01-2N404 

°IS, a20.°220 230 27,°28 

0,, - 2N388 010, 0 11, 02402026  2N158 

0,6 - 2N586 030,0 31 - 2N247 (SELECTED FOR EC. 75v1 

SLOW-SCAN TV RECEIVER—Signals from f-m 

telemetry system in balloon are picked up 

by commercial receiver and fed to distribu-

tion amplifier serving three monitors, having 

identical circuits as shown. Video band- p 49-53. 

width is 200 kc.—L. E. Flory et al., Television 

System for Stratoscope I, Electronics, 33:25, 
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AMPL DISCHARGE 
TUBE 

+150V 

REGENERATIVE AMPL DISCHARGE 
CLIPPER TUBE 

22K 

HORIZ V14 
DRIVE 

001 100K 0.002 

(-  Vie   

75 I2AU7 
500K 

1,500 0.05 5K 0.000025 22K 0.002 
V24 V34  1(— V311 

—12417 

0.00j 00K 
175K 

POSITION 

REGENERATIVE 
CLIPPER 

100 
WIDTH 

HORIZ 
IN  

L. 
V2B R2 10K 

+25 100K 

100K 0.01  ft-
- - -12AU7 •— - 

1 0.001 

VERT AMPL CATH 
INVERTER FOLL 

10K 
100K 

+25 

-1-150V 

DISCHARGE 
AMPL TUBE 

12407 3.IMEG 
22K 

VERT V74 

DRIVE_ 

75 
500K 

CK 705  
1,500 5K 0.00001 0.01 CK705 10K 0.05 

V5,4 0.0001 300K 12 AVu576 
CK 705 

5x (/ f• •V6A (-14--V68 1/2 12AL17 
C2 (2) 

300K - 5K001 
CK705 

1/2 12AT7 
R6 

!2AU7 CK 705, 20 
2,200 IK 2K 220 VI IDEO 

f  
ouTpur 

2K $ K l'5°C) 0.01 47.1-10.. 0 i 

 I  

REGENERATIVE DISCHARGE REGENERATIVE1,„ 
CLIPPER AMPL TUBE CLIPPER 

12AT7 5K 20K I2AU7 i MEG 
1,500 0.05 0.002 005 0.05 
V8A V64 V9B   II-

220k INES 

+25 

R5 
20K 

C3 
0.002 

12477 

0.05 
F . 3;7i DTH 10K 330K VioB 

75 

  +25 K•X 1,000 

OUTLINE GENERATOR FOR TV STUDIO-Pro- ticular part of picture during educational tv 

duces variable-size rectangles in any desired broadcast.-G. Southworth, Outline Genera-

position on tv screen, including horizontal tor for Educational Television, Electronics, 

or vertical white lines, for emphasizing par- 32:14, p 52-53. 

3AU6 

4.5 MC 

AMPLIFIER 

4-15NC 

F- IA IN 

(FROM 

VIDEO 

AMPL 

PLATE I 

TV SOUND SLOPE DETECTOR-Uses drift tran-

sistor as efficient, highly sensitive oscillating 

linear-slope detector, injection-locked by one-

stage sound driver. A-m rejection is uni-

formly high over full detector bandwidth. 

Audio output is constant, independent of 

carrier strength.-M. Meth, Tv Sound Detector 

Uses Drift Transistor, Electronics, 32:8, p 

62-64. 

TO 
AUDIO 
POWER 

AMPL 

GRID 

50012 

VOLUME 

CONTROL 

AUDIO 

OUT 

2.7 PLATE OF 
VIDEO AMPL 

17).Lp. F 

4-30 
PPF 

vav 

220 
/a» F 

22 µ11 2N247 
LI 

(1.5-7 

DELTA TV SOUND-Costs less than ratio de-

tector sound system. Uses discriminator cir-

cuit with triode operating as power detector, 

with cancellation of undesired a-m fundo-

mental.-R. B. Dome, Inexpensive Sound for 

Television Receivers, Electronics, 32:9, p 

66-68. 

601 
2 

- 47K 

120K OJ 150K 

(L5- 7µµF L4 
SET AT 2.1 4  

22pµF 

t 0:01 

r eF 

220 

(I.5- 70µF) 
SET AT 6 
r  

. 1. 0.022 K.X 1,000 

1.2 A -10.3 // 10 12 10 AuDi0 isT 
•4.5 V —'V"/----
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r 150 V 

IN 

VIDEO A MPL 

COMP 
VIDEO IN 

CL .PPER 

CLAMPED SYNC SEPARATOR-Separates sync 

from composite input signal at studio, for 

automatic video level control.-J. O. Schroeder, 

Holding Video Levels While Switching Studios, 

Electronics, 32:22, p 96-98. 

Vcc 

56 C 
0.47pF 

11_11_ 
SYNC 
PULSES 

TO CONTROLLED 
RECTIFIER 
GATE 

0.75mh 

TO CONTROLLED 
RECTIFIER 
CATHODE 

SCR FOR HORIZONTAL OUTPUT-Sync pulses 

saturate driver QI, permitting C to charge, 

for achieving fast turnoff after gate-turnoff 

scr conducts yoke current for 27 microsec to 

deflect electron beams.-L. D. Shergalis, Scr's 

for 19-Inch Tv, Electronics, 37:23, p 97-98. 

2.2K 

V2 
6AU6 

CONTROL 
AMPL 

C2903 

V, / 2 

I2AU7 
PHASE 

IN 

75 

-150 V 

V,34 

6AL5 
2 
CLAMP-

ER 

-150%, 

0.47 

30 390 

27 K 

-150 V 

1M 

0.47 

0.47 2.2K 

33 47 

BAL 
100 

4 
3 

V3 

6AU6   
CONTROL 
AMPL 

+150 V 

820 

2.2K 

120: 

20 

20= 

820 

M 

V5 

6AH6 
DIFFEREN-
TIAL 
AMPL 

0.47 

IN 
2.2K 

V6 

47 047 I2AU7 
CATH FOLL 

V4 

47 

6AH6 
DIFFERENTIAL 

AMPL 

1.8 K 

1.8 K 

1.8 K 

4 

IN 

V115 

-2 I2AT7 

CATH 
FOLL 

47K 

47 

22K 

- 150 V 

0.47 1.8 M 

100K 
68 K 

C2 0.033 

V115 

-2 I2AT7 

SYNC SEP-
ARATOR 

100 P F 
Cl 

v, 2 

5687 
BLOCKING 

OSC-
ILL ATOR 

 'NAM 
15K 

100-e 

81 

150 K 

82 

33K 

30K 

20 _L + 

I N38 

1 20 

11 
-.7 

25 mH 

V 14 

- 12 AU7 2 
CATH FOLL 

22K 

47K 

— 20 
IK 

215H 

5I1K 

10K 

OUTPUT 
LEVEL 

47.5K 261 K 

-150 V 

+150V 

215 K 

C4 
0.22 

R7 

3.3M 

V15 10K 

I2AX7 
AGC 0.47 
MARL 

VIDEO DISTRIBUTION AMPLIFIER-Bandwidth 

is 12 Mc, for high-resolution closed-circuit 

television and high-speed facsimile systems. 

V139 

2-6AL5 

PEAK DET 

0.033 

IN 

IK 

V 75 

-2 6AL5 

470 

V„ 

6AL5 
2 

interstage transformers.-H. H. Naidich, Video 
Distribution Amplifier Eliminates lnterstage 

Transformers, Eectronics, 34:24, p 58-61. 

KEYED 
CLAMPER 

470 

Vil 

1 6AL5 
2 

-150 V 

Input level is 2 y and output level is 5 y for 

75-ohm lines. Differential amplifier eliminates 

second harmonic distortion without use of 

261 

47 

LINE DRIVER 

V9A 
1 
- 6BX7 

15 39 

90.9 

47 V99 

47 

1 6E017 
2 

Ve 

2-6BX7 

39 47 

Vio 

1 
- 68X7 

90.9 

+150V 

OUT 

-150V 

100 

ZERO 
SET 

38.3 
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HORIZONTAL DEFLECTION — Two-transistor 

circuit provides high ratio of reverse to for-

ward base drive. Oscillator current is 0.12 

amp, output-stage current 0.72 amp, and 

push-pull yoke current is 11 amp.—M. Fisch-

man, Transistorized Horizontal Deflection for 

Television, Electronics, 32:33, p 60-63. 

75 OHM 
ANT. OR 
BALUM 

TRANS-
MITTING 

TERMINAL 

TO AGC 

4.75F 

N1 1 N1 
N2 N-2 . 3 

5.6 pF 

0:022 
tt,H 

—25pFT 1.5K 

0.01 

L1 
201 

24V 

C2 

001 

TO APC 
-6 V 

AMPLIFIER 

MOD To 

CABLE 
+ 24 V --fwv•--41 

0.01 -

201 201 

>2 700 
> 

+I4V 

Tif  

L3 

2 

2 

C3 

0,01 

+7V 

CCTV REPEATER POWER SUPPLY—Operates 

from 24-v battery at transmitting terminal. 

Cl isolates battery voltage from terminal 

equipment, and Li prevents shorting of sig-

nal. Two 7-v zener diodes in series serve 

as voltage regulators.—L. G. Schimpf, Car-

rier Transmission for Closed-Circuit Televi-

sion, Electronics, 32:24, p 66-68. 

2NI398 
01 

2NI398 

I.5K 

0.042 

0.0.1 
TO AGO 

FOUR-TRANSISTOR TUN ER — Diffused-base 

mesa transistors permit design of tv tuners 

with noise performance equal to that of tube 

tuners. Article gives complete design pro-

2.2K 

0.001 — 

0.01 

RECEIVING 
TERMINAL 

RFC 
2.7gH - I2V 

100 pF 

TO 
1-F 
AMPL 

  I2V 1. 5 pF-I- = = T 

  n 
20pF 

  +12V 
K X 1,000 

cedure for r-f amplifier, mixer, and oscil-

lator stages.—H. F. Cooke, Designing Tv Tuners 

with Mesa Transistors, Electronics, 33:15, p 

64-69. 

SYLVAN IA 
D- 1480 
(DEVELOPMENTAL) 

5.6K 

IT 

Qi 
3N36 

-6V 0.01 

Kz X 1,000 +I2V 

CCTV 10-MC CARRIER TRANSMITTER TER-

MINAL—Uses single tetrode transistor in oscil-

lator to feed four-diode balanced modula-

tor. Peak level of modulator output is 4 db 

below 1 mw.—L. G. Schimpf, Carrier Trans-

mission for Closed-Circuit Television, Elec-

tronics, 32:24, p 66-68. 

41 

VIDEO 
INPUT 

TO 135 

OHMS 

(- 1— 
+12 +  

200i.tF 

EMITTER FEEDBACK PEAKING GIVES 100-

MC BANDWIDTH—Four identical AF102 stages 

amplify pulse output of delta modulator in 

tv waveguide link.—C. Kramer and J. C. 

Balder, Delta-Modulated Television Wave-

guide Link, Electronics, 36:31, p 50-52. 
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8+ K.X 1,000 

as Colpitts oscillator.—E. H. Hugenholtz, One-

Tube Oscillator Mixers for Tv and F-M Tuners, 

Electronics, 33:3, p 76-79. 

DELAY 
CONTROL 

4-25V 

eon. 
25W 

L1 

14mh 

LINEAR TRANSISTORIZED HORIZONTAL 

SWEEP—Placing transformer in yoke circuit 
provides better than 0.5% linearity for de-

flecting 16-inch crt having 52° deflection 

angle and 15-kv acceleration voltage. Line 
rate is 28.35 kc with 945 lines. Supply volt-

24 

BIAS 

CR2 

INI1262 
CAMPER 

age determines width or amplitude of sweep. 

C can be increased to get 525-line rate.— 

J. W. Greininger, Improving Linearity in 

Transistorized Horizontal Sweeps, EEE, 12:9, 

p 61-62. 

200µH 

SCOPE 
PROBE 

-=12pF 

+100V 

VIDEO OUTPUT AMP—With 2N834 ci cuit, 

output is sufficient to drive crt.—W. D. Roehr, 

INPUT 
FROM  
R-F 
AMPLIFIER 

VI 

II 

C4 
C2 pi 0.001 

L2 

( 

14 I(  

27/ce 

L4 

L3 

— C 3 R3 
I5K 

10µF 

Epitaxial Process Improves Transistor Charac-

teristics, Electronics, 34:9, p 52-53. 

— ce 
5jcA F 

R2 
1,600 

OUTPUT 
TO 

5. I-F 
L5 L6 AMPLIFIER 

0.0011 

1,200 100ge 

10/ce 

DIODE MIXER FOR TUNER-1N87 semicon-

ductor diode mixer D1 improves isolation of 

r-f amplifier from 6ER5 tube V2, connected 

:I5K 

:R5 

PULSE-CROSS DISPLAY GENERATOR—Phantas-

tron circuits delay horizontal and vertical 

sync pulses, when added to monitor or tv 

HORIZONT 
OUTPUT 

receiver, to provide display for checking 

operation of tv station sync generator.—H. E. 

HA SYNC 
INPUT 

8+ 
1 821.F 691 CTB 

8206 680µµN I NEC 0.0012 

BOOST YOU. TO HOR OUT. TO NOR OUT. 
OUTPUT GRID CATHODE 

STABILIZED HORIZONTAL OSCILLATOR—Sine-

wave stabilization or ringing coil pulls Syn-

chroguide horizontal oscillator frequency back 

to correct value when tube or other com-

ponents drift in value.—W. E. Babcock, Un-

usual Tube Effects Cause Circuit Troubles, 

Electronics, 31:37, p 90-93. 

4.5 MC 
FROM 
VIDEO 
AMP 

4.5 MC 
AMP 

z 

-D-C 
FROM LOW B+ 
SECOND SUPPLY 
DET 

BIFILAR 
T TRAP 

TO F-M DET 

AMPLITUDE DET 

1.8 K 

56 
680 
FRINGE 

LOCAL 
1,000 

rs_ 
s0.0u47 

SLUG TUNED 

AUTOMATIC FRINGE TUNING—Circuit serves 

to disable sound track, to increase ampli-

tude of sound carrier, so weak picture car-

rier will be tuned higher on i-f pass band, 

at point of desired fringe tuning.—C. W. 

Baugh, Jr. and L. J. Sienkiewicz, Sound 

Signal Tunes Tv Automatically, Electronics, 
31:17, p 54-58. 

B 
-1 

I C? 
-J 100 I z 

ioz 
LI 

10 ,7 
I le 
I u-
IA 

1ST I-F 

DELAY 
CONTROL 

0.01 

Ce 

VERTICAL 
OUTPUT 

O'Kelley, Pulse-Cross Modification of Tv Re-

ceivers, Electronics, 31:9, p 54-55. 



CHAPTER 89 

Television Circuits Color 

COLOR DEMODULATOR—Uses two 6JH8 sheet 

beam tubes as red and blue luminance de-

modulators. Balanced outputs of both polari-

ties on plates of tubes eliminate need for 

additional phase inverter stages to recover 

green luminance signal.—Color Demodulator 

Uses Beam Switching Tubes, Electronics, 

34:36, p 30-31. 

22pF 
COMPOSITEH   

VIDEO 

ACC 

CHROMA AMP' IFIER—Ilsed in transistorized 

color tv to provide response slope opposite 

that of i-f amplifier. Automatic color control 

B+ 
390V 

COLOR 
AMPL 

0.001 
MF 

I8K 

BLUE 
I. 390V 390V 

3,300 18K 3,300 3,300 

_L 0.01 3,900 
100K 100K 100K 

0.01 MF 0.01ME yMF 

4.5mH 18d.H 

BLUE-Y 0.01 PAF 
DEMOD 
6JH8 

I95V 205V 

4.5V 

B+ 13+ GREEN 

82K 4,700 

310V 

0.001 
T MF  

HORIZ 
BLANK 

220 47K 

00M MF 

390V 

TO BURST AMPL 

Z0.01µF 

KILLER 

signal reduces voltage gain of first srage Makes Debut in Big-Screen Color Tv, Elec.-

Q18. Color killer signal cuts off 019 during tronics, 39:8, p 99-105. 

monochrome operation.—D. Bray, Solid State 

RED 

4.5mH iBii.H i8g.H 

RED-Y B+ 
DEMOD 390V 
6JH8 

MMF 

3.581 MC 

200V 47K 
210V 

5V 

310V 

220 

(-• 

+280 V 

747 
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HOR SYNC IN 

COLOR BURST IN 

470PF-i-
R3 

-100 
500K 

4.7K +250V 2.2K 

C2 

0.2 
+250 

2.2K 

0.01 

R2 

2.514N 

7pF 7 .50pF 

1,04.1AILLIHENRY 

pF i012 FARAD" 

K.X 1,000 

OSC OUT 

270pF 

s 
1.5Ke36-61 
40pr 0 

+250 

27K 

VIDEO 

-22V 

+200V 

270µH li 

i6AN8 

VgA 

e 

DELAY 
LINE 
0.001 

R2 

10K 

±6AN8 

6.8K 10K 

25K 
RI 6-8K 

470K-22V IN63 

- 6AN8 
2 

0.1 

6.8K 

 +200V 

4.7K 

 1(  
8nF — 100 

T pF 

22pF --

10K 

V3g 

150 T 0.1 
_t 

+200V - 

COLOR-BURST-GATED OSCILLATOR-For play-

back of color tv recordings on magnetic 

tape, color burst is removed from composite 

video signal on tape, amplified by VI, and 

used to gate 3.58-Mc start-stop oscillator V2 

to make this oscillator ring at burst fre-

quency. Regenerated 3.58-Mc signal is am-

plified by V3 and fed to decoder for de-

modulating chroma information.-J. Roizen, 

Magnetic Recording of Color Television, 

Electronics, 33:1, p 76-79. 

1N63 33 
Di rEs — pF 

3-300F 
100pF 

tern, Electronics, 33:19, p 57-60. 

IN63 

FRENCH COLOR TV CHROMINANCE-SECAM one-line memory in receiver circuit.-R. 

system uses time multiplexing of two chromi- Chaste, P. Cassagne, and M. Colas, Se-

nonce signals, transmitted sequentially, with quential Receivers for French Color Tv Sys-

270µH 

I2AZ7 

-1.350V 32nF 

47 -16AN8 

_ 22pF 

47 

3.4 
mH 

22 pF 

2XIN63 

470K 

VIS 
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5 pF 

INPUT _I 
4.5Mhz 

VI 

BANDPASS 
1/2608 

Y 

30pF 

0.1 

30pF 10K 

I2K 

3 
pF IK 

0.1 

100 

e47I1 

51( 

/5K -1- 800pF 

0.01 

VIO 

I/2608 = 

( *en 
0.01 loK 

I5K 

FROM 
HORIZ OUT 
TRANS 

RED 
PLASTIC 
CAP 

V2 
AMPL 

I/26AW8 

:00 

300pF 

V5 

BLANKER 
1/2 2H7A 

5004 

330E 
500pF—  33 40K 

V3 
DEMOD 

1/212417 

150 
5.6K 0.01 

20pF — 
0.05 

IM 

—.-1 
V6 

DEMOD 
1/2 2AT7 620»H 

5.6K 0.01 

20pFer-

+ IK 

V4 
R-Y AMPL 
1/2 I2BH7 

20M 

10M 

V g 
BURST AMPL 
/26AVI8 

10K 

IN 

IN 

01 

IK 0.002 

1K 

0.02 

I.5 0.1 1.511 10-100 
pF 

Vg 
PHASE DEI 
6AL5 

0.01 --

400K 

0.05 

I,5M 

IS 
2M 

400K 
-.-

0.05 

-y A PAPL 1'54 
V7 

1 I/212BH7 5k 

.• 

+ 

M "'0.005 

COLOR KILLER 

GREEN 
PLASTIC CAP 

14WP22 

I4V/P22 

VII 
1/21281.17 

5 

0.01 

4pF 

Vi2 
REACTANCE 
1/2608 

Yet /30K 
tgc, 0.01 

VI3 
OSC 
2608 

250pF 

= 0.01 

3.58 
MC 

I5K 50 

.5K 

G-Y 

P-V 

Y  

TWO-COLOR TV—Picture is viewed on half- signal. Chief drawback is narrow angle of 

silvered mirror that combines images of vision.— K. Hashimoto, Color TV Based on 
red and green 14-inch picture tubes. Re- Land Theory uses Two Single-Gun Tubes, 

ceiver circuits accept standard NTSC color Electronics, 35:38, p 54-55. 

0.01 
µF 

4.7K 

04 

5E5025 

20:1 4 

05 

SE5025 

o.o aos 
5 1 12 K 6.8K F •-f, 1K 8.2pF 

SOUND l-F FOR COLOR TV— Uses three tran-

+20V 

0.05 

to give audio output of 1 y peak to peak. 

sistor stages and Foster-Seeley discriminator —D. Bray, Solid State Makes Debut in Big-

F DIA1000 1 K 

AUDIO 
OUTPUT 

*-± 

Screen Color Tv, Electronics, 39:8, p 99-105. 
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FROM FIRST STAGE OF 
LUMINANCE AMPL 

2.2K 0.01µ F 

INVERTED VIDEO 
SIGNAL LESS SYNC 
PULSES FROM AGC 
CIRCUIT 

0.01pf 

BURST WI- 71—H 

FOM1000I 

+ 20V 

0.22µF 

SE 2001 
16 elOK 

22K 1K TO.Olpf 

+280 V 

300K 220 K 

T- 1500 pF 

1  

SE 7010 

017 

SYNC 

68K 

COLOR SYNC SEPARATOR-Transistorized ver- voltage divider in emitter circuit of Q16.-D. 

sien eliminates noise from horizontal sync Bray, Solid State Makes Debut in Big-Screen 

pulses and isolates sync from video infor- Color Tv, Electronics, 39:8, p 99-105. 
motion. Noise theshold is established by 

10K 

2.2K 

SE4002 SE2001 
024 025 

1K 

2.2K 

2.2K 

+20V 

ACC VOLTAGE 
TO CHROMA AMPL 

KILLER VOLTAGE TO 
CHROMA AMPL 

_L CHROMA CONTROL AND COLOR K LLER- chroma amplifier. If burst amplifier falls 

Uses amplifier burst as reference to deter- below certain level, color killer voltage cuts Solid State Makes Debut in Big-Screen Color 
mine amount of bias on first stage of off chroma amplifier automatically.-D. Bray, Tv, Electronics, 39:8, p 99-105. 

250K 

560K 

—680 
qLF 

BLOCKING OSC 

HL 
Ms 
6AU8 

0.22 

220 T0 

SAWTOOTH GEN 

0.1 

MB 
1/2 

6AU8 

I  I CI 

0 
1,000µµF ci-
T- C2 

3,300 660 

TOOTH 
OUT 

SAW: -µµF 

43K 

10K 

MANi\>- FROM At DISC  

D C ERROR 200K 
VOLTAGE 

AMPLIFIER RECTIFIER 

+285V TO KLYSTRON 
REPELLER 

0.1 

V28 
1/2 6AU8 V3A 

I/2 GALS 

K. X 1,000 

AFC FOR COLOR TV KLYSTRON-Used with quency to provide required high degree of frequency monitoring.-T. G. Custin and J. 

visual f-m transmitter for microwave relay. stability. Calibrated wavetrap modifies saw- Smith, Relay System Diplexes Audio and Color 

Klystron locks to crystal i-f difference Ire- tooth waveshape of afc to provide internal Video, Electronics, 31:25, p 64-67. 

5.1 
MEG 

>MEG 
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4.5 MC 
FROM 
VIDEO 
AMP 

4.5 MC 
AM 

 TO F-M DEI 

IAMPLITUDE 
DEI REACTANCE 
C CONTROL 

-"""  

5 
pp 

100-

680 

-./VV41 
-D-C A1 

FROM LOW B + 
SECOND DET SUPPLY 

AUTOMATIC FINE TUNING-Amplitude of 

4.5-Mc intercarrier sound signal controls 

sound-to-picture ratio to provide automatic 

fine tuning. Automatic control of beats be-

tween picture harmonics and sound car-

rier closely approximates manual tuning. Cir-

cuit is particularly valuable for remote con-

trol of color tv sets.-C. W. Baugh, Jr., and 
L. J. Sienkiewicz, Sound Signal Tunes Tv 

Automatically, Electronics, 31:17, p 54-58. 

CHROMA 
IN 

TO R-Y 
CRT GRID 

0.01 

r- 3 c-12 —1 

▪ FROM 
3.58- MC 10 K 
OSC 

0.01 RFC 

INPUT 
VIDEO 

+20V 

010 
SE5025 

330 

TO SYNC SEPARATOR 

TO G-Y 
CRT GRID 

FROM 
3.58 - MC 
DSC PHASE 
SHIFTER 

0.01 

YO 8-Y 
CRT GRID 100K 

CHROMA 
IN 

TO CHROMA AND AGC CIRCUITS 

1 ( DELAY LINE 

IK 

_L  

3.3K 180,uH 

0.1pF 

0 11 
2N3638 

18K 

2.7 K 

RFC 

6+ 

„ FLYBACK 
TRANS 

o 
V2 

6A L5 0.5 
AHC DEI 

VIA 
1/212667 

56K 
FROM V 03 

FLYBACK 
1/2121367 Y4 TRANS 

RFC 

10K 

0.5 

1 REF 
-= VOLT. 

FROM 
FLYBACK 
TRANS 8+ 

21.LµF 

2.2K 3401 

— 0.2 

— 0.01 

5. K 

COLOR KILLER 
THRESHOLD 

500K 
150K 

AUTOMATIC CHROMA CONTROL-Improves 

stability of hue, saturation, noise, and pull-

in characteristics of received color tv signals. 

Low-frequency diode gate corrects subcarrier 

oscillator phase from synchronous demodula-

tor signals and establishes signal level for a 

chroma control circuit.-Z. Wiencek, Automatic 

Controls for Color Television, Electronics, 

32:20, p 58-59. 

+280V 

BRIGHTNESS 
1K 

62,uH 

Q12 
TO300 

82 

470 

TO 
 1(- 3.58-MC 

OSC 

V3 
1/2 6U8 
REACT 
TUBE 

REF VOLT. 

TO COLOR 
KILLER 

} TO 
CHROMA 
AMPL 

0.02 

KsXI,000 

620 
PICTURE 
TUBE 

620 CATHODES 

220 1. CONTRAST 

_L 250pF 

LUMINANCE AMPLIFIER-Provides bandwidth rectifier circuits. B Ightness s controlled by Q12.-D. Bray, Solid State Makes Debut in 

of 2 Mc, with 200-v output, for color set shifting base bias voltage of Q12, and con- Big-Screen Color Tv, Electronics, 39:8, p 

having transistors in all except deflection and trust by varying a-c emitter impedance of 99-105. 
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CYSTAL 
OSC 

TEMP - 
CONTROLLED 
CRYSTAL 

SIGNAL ill 
COLOR 

FREQ 
MU LT 

10 2SA-110 EE y 

EG-E y 

Es -Ey 

' 

-12V 

COLOR DEMODULATOR-Single demodulator 

in Japanese 7-inch color tv recovers the 

three difference signals in sequence by im-

pressing color signal with local subcarrier 

that is advanced 120° in phase for each line. 

-Y. Sugihara, H. Ito and A. Horaguchi, From 
Japan a Startling New Color TV Set, Elec. 

tronics, 38:11, p 81-94. 

0.5µF 

INPUT ---I ( 

36 K 10 K 

10 K 

39 

4.7K 

1K 

REFERENCE OSCILLATOR FOR COLOR TV 

KLYSTRON-Used in aft system that locks 

2,000-Mc klystron to crystal oscillator ref-

erence frequency. Receiving-tube multipliers 

provide 50 mw at 500 Mc, and silicon crys-

tal diode quadruples this to give 0.25 mw 

at 2,000 Mc. Used in mobile microwave 

relay system for color tv pickups.-T. G. Cus-

tin and J. Smith, Relay System Diplexes 

Audio and Color Video, Electronics, 31:25, 

p 64-67. 

COLOR-BURST GATING SIGNAL GENERATOR 
-Provides burst gating pulses for operating 

balanced-diode gate used in studio switching 

of color tv programs.-.1. O. Schroeder, Hold-

ing Video Levels While Switching Studios, 

Electronics, 32:22, p 96-98. 

+120 V 

33 4.7 

10 . 

09 

SE 3035 

i 
+ 
1,000µF 

---

1 
Ii 

500µF 

+300V 

GATE 
PULSES 
OUT 

TRANSISTORIZED COLOR TV AUDIO-Three-

stage class A amplifier provides output of 
2 w. Feedback from emitter of Q9 to base 

of Q7 provides over-all d-c stability.-D. 
Bray, Solid Solid State Makes Debut in Big-Screen 
Color Tv, Electronics, 39:8, p 99-105. 
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COMPOSITE 
VIDEO 

220/ 

2N3638 

0 13 

F FDM DM 
1000 1000 

IK≥ ≥220 

I.4. 
TO SYNC AGC GATING 
SEPARATOR PULSE 

COLOR AGC—Supplies bias voltage to r-f 
and video i-f stages of color set using tran-

sistors in all but deflection and rectifier 

1K 

+300V 

CHROMA 

J-200 

+150V 

100K 

120K 

33K: 25µF 

VIDEO 
I-F AGC 

stages, to maintain video output amplitude 

at about 3 v.—D. Bray, Solid State Makes 

Debut in Big-Screen Color Tv, Electronics, 

BURST 
OUT 

3.3K 

0.02 0.02 

C1 T C2 T 
+150V 

BAL GATE- PULSE 1NPLaf K.X 1,000 

BALANCED-DIODE COLOR-BURST GATE—Used 

in automatic video-processing amplifier that 

instantly compensates for wide variations 

in color or monochrome input signal levels, 

TO ACC 
DETECTOR 

39pF 
CHROMA   
INPUT 

GATING 
PULSE 

0.01µF 

220K 

0.01 
FT 

COLOR BURST AMPLIFIER—Burst amplifier 020 

and 3.58-Mc crystal oscillator 021 are driven 

by output of first stage of chroma ampli-

fier of transistorized color tv. Amplifier burst 

to maintain output signal components at cor-

rect levels.—J. O. Schroeder, Holding Video 

Levels While Switching Studios, Electronics, 

32:22, p 96-98. 

1 

SE 5025 

Q 20 

56 

56K 
4 

CRYSTAL 

33 pF 

SE 2001 

Q22 

e  

1K 

• • 
locks oscillator frequency to subcarrier fre-

quency required by color demodulators, and 

provides reference burst for automatic color 

control circuit.—D. Bray, Solid State Makes 

4.7K 

1 

10K 

10K 

2N 3638 

Q 15 

-150V 

FDM 
1000 

39:8, p 99-105. 

B+ 
15K 
0.221-

56µµF 

1  

33K 

+120V 

R-F AGC 
TO TUNER 

X 1,000 

8+ 

56 
µµF 

150 
ÎLµF 

COLOR HOLD—Uses passive filter to separate 

color subcarrier frequency from sync burst, 

along with injection-locked oscillator that 

combines amplitude limiting and power am-

plification for direct drive of color demodu-

lators.—I. N. Meth, Locked Oscillator for 

Color Tv, Electronics, 32:39, p 91-92. 

loo 
=0.01µF 

0.1µF 

150 
•"'"'" pF 

500 
HUE 

+20V 

TO G-Y 
DEMOD 

TO R-Y 
DEMOD 

TO B-Y 
DEMOD 

Debut in Big-Screen Color Tv, Electronics, 

39:8, p 99-105. 
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10 pF 

0.010F 

22 
( ••••• • 

10pF 

eloo 
180 —• 

47-25 Mhz pF 

TTRAP 
pF 

470 

470 1.5K 

0.01pF 

tOK 
15pF 

62pF 

3.9K 

01 
5E5023 

0.01 
pF 

AGC 

COLOR VIDEO I-F—Three-stage amplifier has 

forward agc on first stage 01. Sound trap 

3.53Mhz 
OSCILLATOR 

50 - I50p. H 

DE MOD 
PHASE 
CONTROL 

10µ F 

1K 

0.1µF 
CHROMA_I  
INPUT 

10K 

at 41.25 Mc before de ection prevents 900-

Mc beat between color subcarrier and sound 

carrier.—D. Bray, Solid State Makes Debut in 

1K 

3.3K: 

8.2Kg 15,uH 

6.8 pF 
•- 1(  

2 pF 150pF 

02 
5E5024 

1.5 K 

1.8K e 

+20V 

0.1,i F 

54-7115 

pF T  

1.8pH 

1K 12pH 

FDM 1 000 

0.0T 

10pF 

f 100 pF 

TO SOUND IF 

2.7K 

* FAIRCHILD PART NO. 

Big-Screen Color Tv, Electronics, 39:8, p 99-

105. 

+20V 

VIDEO 
OUTPUT 

6.81( 

25 
pF I 

+280 V 

22K 

4 2128 
N3638 

3.58 Mhz Mhz 
TRAP 

10 300 
Q27 

 8-Y 
OUTPUT 

TO OTHER DEMODULATORS 

B-Y DEMODULATOR—Used in transistorized identical except for having different demod. Makes Debut in Big-Screen Color Tv, Elec-

color tv. R—Y and G— Y demodulators are ulation phase angle.—D. Bray, Solid State tronics, 39:8, p 99-105. 



SC 

SCR I,SCR 2 — AS REQUIRED BY LOAD 

UJT — 2N2647 

R1 — DEPENDENT ON THERMISTOR 

— SPRAGUE 35ZM900 PULSE XFMR 

CHAPTER 90 

Temperature Control Circuits 

SCHMITT TRIGGER AS TIME-PROPORTIONING 
TEMPERATURE CONTROL— Hysteresis of Schmitt 

trigger ( difference between turn-on and turn-
off signal levels) is adjusted with negative 

feedback instead of positive, to reduce hys-
teresis to less than 1 mv. Trigger point can 

be adjusted above or below ground reference 
despite use of only one power supply. Modi-

fication of negative feedback causes duty-
cycle-controllable oscillation. Potentiometer 
adjusts circuit gain smoothly over wide 

range.— P. Lefferts, 'Super' Schmitt Uses Neg-
ative Feedback, EEE, 12:12, p 52-53. 

117 VAC 
60 

IHEATER LOAD 

THERMISTOR 

THERMISTOR IS SENSOR FOR OVEN CON-
TROL—When oven temperature drops, ther- tion transistor trigger earlier in line voltage —J. C. Hey, The Widening World of the SCR, 

mistor resistance increases, making unijunc- cycle so scr's deliver more power to oven. Electronics, 37:25, p 78-85. 

• 

SCR 

Di TO D4 — 1N1695 

D5 — 1N1692 

D6 — 1N1776 

755 
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+250V D-C ENCLOSURE 

K.X1000 

HYBRID THERMOSTAT— Utilizes reverse char-

acteristics of pep junctions for tempera-

ture control. Provides continuous control 

with higher sensitivity than thermistors, 

along with quiet operation, remote resetting 

of temperature, and small thermal time con-

stant. Chief disadvantage is high imped-

ance.— H. Sutcliffe, Transistor Temperature 

Controller, Electronics, 31:13, p 81-84. 

100 WATT SEATER LOAD 

GE IN5313 
- CR, 

l'NX TWIST LEADS TO 
MINIMIZE PICKUP 

120 V AC 

60 CPS 

HG IN GLASS 
(SUCH AS SAP AIR DIV. 206-44 SERIES; 

THERMOSTAT 
PRINGO 11-14I, OR EQUIVALENT) 

MERCURY THERMOSTAT AND SCR CONTROL 

HEATER— Uses mercury-in-glass thermostat 

capable of sensing 0.1 C changes. Scr serves 

both as current amplifier for thermostat 

and as main load switching element. With 

thermostat open, scr will trigger on each 

half-cycle and deliver power to heater 

load. When thermostat closes, scr can no 

longer trigger, and heater shuts off.—"Sili-

con Controlled Rectifier Manual," Third Edi-

tion, General Electric Co., 1964, p 121. 

CABLE 

100K 

320: 

!/N704 

47. 

FREO.CAL1BRATE 

TEMPERATURE TELEMETER FOR BALLOON— De-

signed for range of 70 to ±70°C, for 

which circuit produces frequency change of 

1.5 kc. Uses temperature-sensitive base-to-

emitter voltage of transistor, which varies 

I C4 
—  100 

R6 
6.2K 

Q2 
2N34 

R2 
2K: 

4 03 
2N34 

6.2K 

RS 

62K 

Coi, 
100 — 

R3 
6.2K 

87 e 
3K < 

-6V 

linearly with temperature, as transducer for 

voltage-controlled oscillator based on astable 

mvbr.—G. F. Ingle, Using Transistors for 

Temperature Measurement, EEE, 11:8, p 

53-55. 

Re 
200 

C5 

05 
2N1040 

SI . K 

510 

510 

3 

R10 

20K 

PHOTOFEEDBACK STABILIZATION OF PHO-

TOTRANSISTOR—Subminiature lamp mounted 

on window of phototransistor stabilizes elec-

tro-optical response of high-temperature py-

rometer for rocket surface temperatures. 

Base bias for phototransistor is supplied by 

d-c component of light from feedback lamp. 

22-1/2 V 
18 MA _71-

-S. A. Elder, Designing Phototransistor Pyro- [  

meters With and Without Feedback, Elec-

tronics, 34:49, p 56-60. 

ig;) 2C)N43 4 

20K 
ThAN  

C7 

OUT 

) Z15 

C6 
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COLD 
JUNCTION R2 

76.31 
HOT 

JUNCTION 

ETC 
Ej R3 

706.17 

 ER 

R, 
137.7 

RI 
76.31 

R4 
586.17 

1 

Eco 

TEMPERATURE-COMPENSATING THERMOCOU-

PLE BRIDGE-Temperature-sensitive resistor RT 0.01°C DIFFERENTIAL-Scr conducts until Q.-R. G. Ferrie, Thermostat Operates With 

in bridge provides voltage to compensate heater reaches desired temperature, when 0.01 °C Differential, Electronics, 37:26, p 65. 
variations in cold-junction voltage during thermistor T turns off unijunction oscillator 

missile flight testing.-J. B. Brownwood, Ther-

mocouple Compensating Circuit Design, 
Electronics, 35:1, p 98-100. 

E1 
20 
VOLTS 
D-C 

HEATER 
-11 

R2 

200 

2N1617A 

E2 

12 VOLTS 
60 CPS 

SIMPLE- DIODE SENSOR-Meter measures vo- lt-

age drop across germanium diode (such as 

1N2326), which varies linearly with temper-

ature from near absolute zero to a high 

limit around 45°C, which is upper limit of 

diode base material.- L. E. Barton, Measur- TRANSISTORS SENSE TEMPERATURE-Transistor 0.2°C of 70°C.-S. Greenblatt, Transistor Be-

ing Temperature with Diodes and Transistors, Ql, mounted in tight thermal contact with comes Sensor In Temperature Regulator, 
Electronics, 35:18, p 38-40. heater R7, will maintain crystal oven within Electronics, 37:28, p 65. 

L- COMMON HEAT SINK  

HEATER 
+24V 

CHICAGO 
UMII3 

OPTICAL BOX 

1 
LINE 

50 FT 
CABLE 

COAX 

_o  
—a 

134 V 
27K 

27K 

27K 

o 

+30V 

DECADE 
SWITCH 

27K 

2N335 

9.IK 2 N 335 

9.1 K 

9.IK 

9.IK 

0.25 

'EXIT" 

3.9K 

SWITCH 
POSITION 
INDICATOR 

CONTROL BOX 

UTC 0-13 

2N335 
IN459A 3M 

...-1 - ...AA  — . 

T 0.0027 

r..- 150pF 56K: 

33K 

MEASURING HIGH TEMPERATURES-Used for 

automatic recording of missile and rocket 

surface temperatures. Phototransistor, con-

nected in common-emitter mode, requires no 

preamp. Decade amplifier in control box is 

stabilized I;ty 34 db of feedback through RI. 

Diode demodulator provides cl-c output for 

recording.-S. A. Elder, Designing Photo-

Itunaitlue Pyrunselets Wills und Willluul back, Electronics, Electronics, 34:49, p 56-60. 

COAX 

OUT 
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ROAD ICING ALARM—Sensing transmit er 

mounted on auto about 2 feet above road, 

with junction of transistor connected to case, 

is connected to low-frequency oscillator hav-

ing lamp load. R7 is adjusted so lamp is out 

but on verge of flashing of 2°C. When tem-

perature drops, lamp flashes. Duration of 

each flash increases down to 0°C after which 

lamp remains on.—J. A. Irvine, Reducing 

Winter Skids with a Transistor Warning Cir-

cuit, Electronics, 36:4, p 56-58. 

R3 s, 

1,500 
0•K 

2.6V 
1,000 340•K 2HgCE 

WIDE-RANGE DIODE THERMOMETER—Temper-

ature-sensing germanium-diode bucking-volt-

age microammeter has null indicator, covers 

full usable range of from near absolute zero 

to about 45°C with resistance values shown. 

—L. E. Barton, Measuring Temperature with 

Diodes and Transistors, Electronics, 35:18, 

p 38-40. 

R3 

10K 
R2 

200K 

RI 

2NI69A 

— C2 

0.1-0.2 Li' 

PROBE 
2K- 5K o 25C 0.001 

*- 1(— • R4 DEI BY TEST 

R5 1000 25C 

.   A. 
Rb 

4.7K 

  SILVER   

MICA 
C, 

Mb--

R 7 

25K 

TEMPERATURE TRANSMITTER-2NI69A tran-
sistor is used in tuned-collector oscillator, 

with large R-C time constant in emitter cir-

cuit to give self-modulator for quenching 
action. Variation in quench break is cm-

BODY-TEMPERATURE TRANSISTOR THERMO-

METER—Covers range of 90 ° to 105°F in 

three steps, with temperature indicated on 
meter that measures base bias of germanium 

IN34A 

20,000 OHM 

K. X 1,000 

complished with temperature-sensing element 

RI, consisting of glass-enclosed bead ther-

mistor.—R. H. Elsken, Temperature Telemetry 

Aids Frozen Food Study, Electronics, 33:33, 

p 129-131. 

4 — 
MERCURY = 

CELLS =  

transistor, for which bias varies linearly with 

temperature.—L. E. Barton, Measuring Tem-

perature with Diodes and Transistors, Elec-

tronics, 35:18, p 38-40. 

K X 1,000 

+28V t 

GYRO TEMP 
CONTROL AMPL 

R2 
780 

GYRO TEMPERATURE CONTROL—Regulates 

temperature to 0.5°F by sensing differences 

between gyro-mounted temperature-sensitive 

resistor R1 and fixed resistor R2 in bridge, is low.—R. E. King and H. Low, Solid-State 

Magnetic amplifier for bridge operates relay Guidance For Able-Series Rockets, Electronics, 

KI to energize gyro heater when temperature 33:5, p 60-63. 
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-E 

5K 

-10V 

Rn Rn 
100K 6,800 

f- 1(  
C9 

0.005 

100 
9 STEPS 
33.3 OHM _30. 
EACH. 10°F S   
PER- TAP 

POINTER 
MARKED FOR 
3.33 OHMS. FROM 
TOP 10 POINTS 
I° PER MARK. 

20 

A 

2N105 

R7 
470 5°F FULL 

0-50#A 

SCALE 0.1°F 
PER mA. 

R/  S3  
1,000 

- 7+V 

TRANSISTOR THERMOMETER—Base bias of 

germanium transistor varies linearly with 

temperature over wide range, at about 

0.0014 y d-c per deg F. Meter is connected 

to measure base bias and calibrated in de-

25685 

ERROR AMPL 

CURRENT CONTROL 

01 0.5 0.5 

MODULATOR 

R16 Ra 
6,800 100K 

200 

2N404 

Thermistor is fol owed by modu ator, ampli-

fier Q7, and four-transistor switch that 

uPPlier power nt ev.d remetitinn frequency 

but with on time per cycle controlled by 

Rn R24 
10K 680 

05 2N404 06 

CRYSTAL OVEN—Thermistor RTI senses tem-

perature of crystal oscillator cavity and modi-

fies output of asymmetric free-running nivbr 

Q3-04 whose output is integrated by C12. 

07 
2N697 

5K 

3K 

grecs for household and outdoor tempera-

tures. Range switch Si covers 0 to I00°F 

in ten steps, and 52 extends range 30° in 

both directions.— I.. E. Barton, Measuring Tem-

perature with Diodes and Transistors, Elec-

tronics, 35:18, p 38-40. 

BRIDGE 

TEMP 
SET 

I 5 K 

b1 

5K 

b1 

Rs/ 
680 

THERMOELECTRIC COOLING CONTROL—Tem-
perature inside cooling chamber is sensed by 

thermistor bridge and bridge output is com-

pared with temperature-setting reference 

voltage. Difference voltage is amplified and 

fed to current control circuit of thermoelec-

tric converter.—M. Nagata and Z. Abe, Ther-

moelectric Elements for Circuit Cooling, Elec-

tronics, 34:41, p 54-55. 

SQUARER AND OUTPUT SWITCH 
I5V 

HEATER 

010 
2N404 

2N404 
R32 

1,000 

thermistor.—M. Lysobey, Microminiature Crys-

tal Oscillator Using Wafer Modules, Elec-

tronics; 35:15, p 60-61. 



760 SOURCEBOOK OF ELECTRONIC CIRCUITS 

PROBE   

L 

C—) 

TO 
CRO 
X 

AXIS 

SUPPLY TIPRIMARY 

FOR INDUCTIVE LOADS 
CR2 rWI ,- 

GEIN536 

LOAD • 2 

SCR GE C5U (OR CM) 
FOR MAXIMUM SENSITIVITY/ 

CRI 
GEIN536 LOAD:PI 

NOTES. TI 6.3 FILAMENT 
TRANSFORMER 

(2) T GE 20052 THERMISTOR 

DECADE 
SWITCH 

9.IK 2N335 

•••--1 

9.16 6 

al 

 )1  

ERE() 
MOD 
AND 
SCAN 

470K 

_t 10pF 

/50pF 
12pF 

R2 R3 
51( 

OVER-UNDER TEMPERATURE MONITOR—Dual 

output can be used to drive high and low 

temperature indicator lamps or relays. Bal-

anced bridge may also be used to trigger 

conventional scr-load combinations.—"Silicon 

Controlled Rectifier Manual," Third Edition, 

General Electric Co., 1964, p 120. 

TI 
SECONDARY 

I M 

= 1 

100K: 

CONTROL CIRCUIT FOR PHOTOFEEDBACK 

PYROMETER—Decade amplifier of conven-

tional phototransistor pyrometer control was 

modified by removing output transformer 

and load inductor, to give additional feed-

back at low frequencies. Bootstrap emitter-

follower stage was added as output buffer 

to improve circuit stability. Used for meas-

uring high rocket surface temperatures.—S. A. 

Edler, Designing Phototransistor Pyrometers 

With and Without Feedback, Electronics, 

34:49, p 56-60. 

+200V - 9V 

0.1 

100K 0.01 

0.001 

50pF 

I_ I I2pF 

RFC 

NUCLEAR-RESONANCE SENSOR—Temperature 

telemeter depends on absorption of r-f en-

ergy by chlorine molecule in proportion to 

temperature. When spectrometer oscillator 

V1 is tuned to frequency of correct absorp-

tion line, each oscillator pulse sets up oscil-

2NI92 
0.001 

 1(— • 

6.3V A-C 

22K 22K 

0.002 

0.002 

22K 100K 
22K 

I(  
25 

2NI92 

lotions in probe that last long enough to 

affect starting voltage for next oscillator 

pulse. After plate detection and low-pass 

filtering to suppress quench frequency, 

signal goes to two-stage a-f amplifier 01-

-12V 

HEATER 
COIL 

TEMPERATURE DRIFT CONTROL—Used to 

minimize thermal drift in d-c amplifier. Tem-

perature-sensing element Q1 controls current 

through heater of temperature-controlled 

block. Base of Q1 is left floating. Varia-

tions in ambient temperature are reduced by 

factor of 10 inside block, and transistors are 

maintained at 40°C.—A. Patton, Telemetry 

System for Testing Automobiles, Electronics, 

33:43, p 57-59. 

AUDIO 
OUT 

TO CRO Y AXIS 

0.05 1  

Q2 
2NI92 

25 

)1  

05 

2NI92 

IBV ur, 2 -9V 

1N34A 
 14 

25 

100K 

I8V 

00K 

1(  
25 

100K 

K X 1,000 
DI IS HUGHES HC7001 

9V 
Q2, whose output to cro indicates whether 

spectrometer is on nuclear resonance fre-

quency.—C. Dean, Using Nuclear Resonance 

to Sense Temperature, 33:28, Electronics, p 

52-54. 
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-4-200 METERS APPROX 

100 

CONSTANT 
-= VOLTAGE 
T SOURCE 

AM PL 

J- 

o 

 *..EXPOSED TO SAME TEMPERATURE 

"'AS THERMOMETER ELEMENTS 

10K 10K 10K 10K 

100 119.4 100 

10K 

119.4 

10K 

MULTIPLEXER CAL-OPER EARITY-Zero-temperature-coefficient resistors tempera ure.-F. J. Goldwater, Low-Cost Digi-
SW ITCH mounted near resistance thermometer ele- tal System Records Weather Data, Electron-

THERMISTORS CORRECT THERMOMETER LIN- ment offset variation of lead resistance with ics, 37:2, p 34-36. 

+E bb 

1.1-Mc TEMPERATURE-SENSING OSCILLATOR-

Uses mylar capacitor as main temperature-
sensing element, with temperature coefficient 

of 0.5 kc/°C, in tunnel-diode oscillator that 

translates temperature changes into frequency 

changes.-"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 350. 

r - 
OVEN 

THERMISTOR I, 

HEATER 
-•vVV-

1N3714 

1V RMS. 

320 

1K 
See** 

-r 

R1 
27 E 27 

e47K 3.3K 

 _64+ 
o, 

_61+  

320 
+ - 

AC126 

etOK 1K 

33K 
• 

e 

D2 
-4.7V D-C 1K 0A201 

lye. >I 

320' Dl 

1   K0A201 
i r-,-- 

1K I 320 

320 
02 - 

AC126 

10K 1K 

ID  

+ 
I 100 

1K 

3 
AC126 

-1 

• 

10V 
RMS 

1E PHASE-

TEMPERATURE BRIDGE I AMPLIFIER SENSITIVE DETECTOR 

115 V 
50-60 
CPS 

SI 

HIGH-ACCURACY CONTROL-Holds tempera- is placed in its other position and output perature to Within 0.1 °C, Electronics, 39:1, 

turc constant to w;thin 0.1°C for any value relay is then used to energize solenoid valve p 100-102. 

between - 25 and 200C. tor controlling 11m1 ...Jakob flaw of refrigerant -G H P. 

refrigerated unit instead of oven, switch 52 Kohnke, Electronic Thermostat Controls Tern-
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20V1 

20K 
0.01% 

soon 

20K 100K 
0.01% (MATCH) 

100K 
NEGATIVE 
TEMPERATURE 
COEFFICIENT 

PROPORTIONING TEMPERATURE CONTROL— 

Operational trigger trips when temperature 
goes beyond 0.001°C of desired value. 

Bridge power supply is floating.—P. Lefferts, 

Operational Trigger For Precise Control, Elec-

tronics, 37:28, p 50-55. 

TEMPERATURE-SENSING TD OSCILLATOR— 

Mylar capacitor with known and reproduci-

ble temperature characteristics makes oscil-

lator frequency vary with temperature. Diode 

bias regulator circuit is used.—E. Gottlieb 

and J. Giorgis, Tunnel Diodes—Using Them 

as Sinusoidal Generators, Electronics, 36:24, 

p 36-42. 

COARSE, FINE TEMPERATURE CONTROLS 

50K 10K 

(100K NOM) 
1/2 12AT7 

F22 THERMISTOR 

1.3K 

100K 

100K 

1M 
150V STABILIZED 

TEMPERATURE CONTROL—Fast thermal re-

sponse is obtained with high-resistance ther-

mistor in bridge circuit, feeding chopper V1-

V2. V3 is Hartley oscillator operating at 

V2 

1/2 12AT7 

90K 

10K 

LINE 
VOLTAGE 

D, 
Z4XLI2 
ZENER 
DIODE 

LOW-HYSTERESIS D-C LEVEL DETECTOR— 

Serves as temperature control when thermis-

tor or other temperature-sensing resistive de-

vice is connected to input. Dual complemen-

tary transistor QI is high-stability d-c am-

plifier, with zener diode CR1 providing 

threshold level. With sharp-breaking char-

acteristic for zener, hysteresis can be less 

than 10 mv between turn-on and turn-off. 

—P. C. Murray, Accurate DC-Level Detector, 

EEE, 13:12, p 65. 

150-W 
COOLING/HEATING 
LOAD 

GE 
THERMISTOR 
(5K tEl 25•C) 

R2 
68K 

GE 
2N2646 
UNIJUNGT1ON 
TRANSISTOR 
0, 

SCR 
GE 

C1068 

REVERSE THERMISTOR AND R, FOR COOLING LOAD 

BATH TEMPERATURE CONTROL—Used to 

maintain temperature of photographic de-

veloper solution constant. When tempera-

ture drops, thermistor resistance increases 

15K 
5% 

22K 

and scr is turned on earlier in each cycle 

by ujt.—J. Embinder, SCRs in the Consumer 

Market, EEE, 14:8, p 100-103. 

DI LOW FORWARD RESISTANCE 

02 HIGH REVERSE RESISTANCE 

• 

0.011 11 STABILIZED 

lIFT UNIVERSAL 

OUTPUT 
TRANSFORMER 

12 

0.02pF 

V3 

1/2 12AT7 

15K 

0.1uF 

V4 

1/2 12AT7 

02 
1.5K 1 25 

TuF 

about 400 cps, to plate-modula e chopper 

tubes. When bridge is unbalanced by ther-

mistor, pulses in secondary of TI act through 
amplifiers V4 and V5 to operate relay.— 

RI 
4.7M 

50K 

: 0.1,uF ›220K 

150V 
STABILIZED 

PLATE 
RELAY 

 .TO 
4 •HEATER 

CIRCUIT 

V5 

1/2 12AT7 

G. A. R. Trollope, Thermistor Regulator Pro-

vides Fast Response, Electronics, 39:5, p 

106-107. 
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Ed 

:RI 
'12,000 R2 

\CY 
R4: Eb 

+6V 

LIMITED-RANGE DIODE THERMOMETER—Val-

ues of R3 and R4 determine portion of tem-

perature spectrum to be measured, while R2 

determines full-scale temperature value of 

meter, which may be as low as 25°C. Meter 

depends on fact that voltage drop across 

germanium diode is linear function of tem-

perature.— L. E. Barton, Measuring Tempera-

ture with Diodes and Transistors, Electronics, 

35:18, p 38-40. 

D2 
1Z15 

_L 

D3 

I Z 10 

E 

+12V DC 

IN469 

DATA 
COM 

3.3K 

OUTPUT 
SIGNAL 

TEMPERATURE MONITOR—Senses variations 

in ambient temperature near telemetry de-

tector in space probe. Zener diode maintains 

constant voltage on transistor base.— S. Chase, 

Jr. and F. Schwarz, Mariner II Instrumen-

tation: What Will It See on Venus?, Elec-

tronics, 35:50, p 42-45. 

NULL-INDICATING DIODE THERMOMETER— 

Microammeter serves as null indicator. When 

potentiometer is adjusted for zero current, 

arm of potentiometer indicates temperature 

value directly. Values of R3 and R4 are 

chosen to place 25°C range anywhere from 

near absolute zero to about 40`C.— L. E. 

Barton, Measuring Temperature with Diodes 

and Transistors, Electronics, 35:18, p 38-40. 

R5 

150 

100 

R7 

470 

R1 

1 K 

01 

2N2646 

I HEATER 

R2 

(PHILLIPS 
138320A/IK -31 

CI 

R3 

1K 

82 
Dt 

(PHILLIPS 
AA1161 

e R4 
100 

1C2 T10 p.F 

+24 V 

 • HEATER 
POWER 

 • SOURCE 

LIQUID BATH THERMOSTAT FOR 0.01 CON-

TROL—Based on thermistor R2, which has 

linear temperature coefficient  of 6% per 

degree C from 15 to 35 degree C. R2 is one 

element in relaxation oscillator also consist-

ing of Ql, Cl, R1, R3, and R4.— K. van der 

Geer, Control is Accurate to 0.01°C, Elec-

tronics, 39.12, p 111. 



CHAPTER 91 

Test Circuits 

TO '1,, PL ATES 

= X 1,00P 

39E 

--- 47pF 

I --z 0.02 

-105 V 

52.632 

CURVE 
TRACER 

—1 COLLECTOR o I .41— 

BASE 01 BASE 
I (INPUT) 

I EMITTER 01 .-
L __ _ _ J 

GC 
LU 

UJ 

V2 

C V858 

19µ SEC 

PULSES 

3.34 

334 

CV858 

6.8k 2.7M 

680pF 

10K   

V4 
CV491 

-105V 

+300V 

3.3X 

0.1 

V 5A 
CV455 

190µ SEC 

PULSES 

75 

MARKER PULSE GENERATOR—Crystal oscil-

lator V1 triggers blocking oscillator V2 to 

produce sharp pulses at 19-microsec inter-

vals. These feed mono V4, whose output 

triggers blocking oscillator V5 to give larger 

pulse every 190 microsec for dual-beam 

scope of pulse-echo cable fault finder.—F. 

Jones and J. H. Reyner, Compact New In-

strument Finds Undersea Cable Faults, Elec-

tronics, 35:37, p 48-50. 

 ?DRAIN 

+100 V 

—100 V 

 ¿SOURCE 

1.5K 
241 1N4004 

FET ADAPTER FOR CURVE TRACER—Used to 575 or other curve tracer to output voltage Curve Tracer Tests FET's at High Voltage, 
convert input current steps from Tektronix steps for fet gate.—R. Williams, Adapter for Electronics, 39:5, p 104-105. 

764 
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HARNESS TESTER USES NEON FLIP-FLOPS-

One end of each harness wire under test is 

grounded. Other end completes circuit for 

GO glow lamp. Discontinuity in wire opens 

GO cathode, decreases voltage drop through 

R, and makes NO-GO lamp glow.-Harness 

Tester Detects and Indicates Intermittent 

Faults, Electronics, 37:4, p 56-57. 

CLEAR 

HARNESS 
WIRE 1 

8 + 150 VDC 

82K 

NO-GO 

HARNESS 
WIRE 2 

K+30 

START-
TRIGGER   
COUPLER 

STOP-
TRIGGER 
COUPLER 

e 

V4 
161 
3E29 V5 6166 

— -20 

PULSE 

GEN 

V2 

1--11  

-200 

6166 

5894 

500 

— 0 

0 
TO / 

2,400V 

4 K V 

=3,500V 

 A1,250 

BIAS 
STAGE 

( RECTIFIER+ .----e---.— D7FdiFL -- 

GO 

+2,000 
 O 

--1,300 

VI 

SWITCH 
TUBE ( S) 

 0.• 

PULSE I PULSE 
VIEWING VIEWING 
AND R1 > AND 
PROTEC- PROTECTION 
TION I SENSING 
SENSING 

30V 450V 

SPACE PLATFORM 

TRIGGER 
TRANSMITTING 
(NORMAL AND 

FAULT) 

CROWBAR IGNITRON-Multimegawatt high-

vacuum modulator tubes for large retin.. 

are protected during tests by circuit that is 

APPROXIMATELY 
5% DROOP 

RGI9/U 

6 TO 10 

VIDEO OR 
TUBE LOAD 

RISE AND FALL 
LESS THAN 5p.SEC 

triggered by fault sensors. Total response 
tinin fnr firing igeitrrte rrnwlsor is he, in trnnirs, 15.4, p 56-61. 

microsec.-T. E. Yingst, Circuits to Control and 

TO 
4 

— 30-300 

PULSE 
CURRENT 
VIEWING 
ANO 
PROTECTION 
SENSING 

CROWBAR 
IGNITRON 

ELECTRODE 
TRIGGER 
CIRCUITS 

FAULT-
SENSING 

CIRCUITS FOR 
SWITCH TUBES 

Protect High-Power Modulator Tubes, Elec-
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+12V D C 

R1 R2 10pF 
50 1K 

c 2 

2,000 pF7----
C1 TEST 

DIODE 

R4 

100 

TUNNEL-DIODE TEST ATTACHMENT FOR 

CURVE TRACER—Adapter switches sweep 

voltages of curve tracer on and off at re-

duced duty cycle to prevent overheating of 

tunnel diode while determining its series re-

sistance. Increasing RI gives lower duty 

cycle, because RI-R2 control frequency of 

inductively coupled series-resonance feed-

back oscillator Q1.— L. M. Zappulla, Low 

Duty Cycle Tunnel-Diode Tester, Electronics, 

35:4, p 47. 

SIG Ci 
INPU1 30 F 

10pF 
11361 

0.01 
2.2K o 

TUNNEL-DIODE SWITCHING-TIME TESTER— 

With values shown, will light only if tunnel 

diode under test switches within 0.5-nsec.— 

J. E. Gersbach and I. Lieber, Switching-Time 

Tester for Tunnel Diodes, Electronics, 35:16, 

p 48-49. 

THORD 

CLARE 
HPG-1004 

K•K 1,000 

0 pF=._- 
02 

T1361•-• 

C2 =, 

pF o 
0.0I 

• 
e? r, 0 7.... 

100 

0.01 

30MC OUT 

0.01 M 2.2K 
= 100 

0.01 

0.8-8.5pF 

0.01 -,-. 
_L 
=. 

10K 
(2) 

0.005 

0.8-8.5pF 

820 -= 

Q4 
2N29I 

0.001 

05 102.52MC 
2NI195 

0µH   
1 0OPF  

I 220 100 

220 100 =. 

CR3 

5555G 
 M. 

100K 

_t_ 

430K 

4.7M 
100pF 

D-C POWER SUPPLY 
I3.4V OR I0.7V   

0.001 

Q6 94.552MC 
2N1195 

111) 
1044.FI 0.5-5.5p4- 

470 100 m 100PF 
100pF) 

00pF 
100 T 1 

C4 L2 

 TEST 
- OSC 
OUT 

0.154H.2 100pF 

110K 

750x 

DIRECT 
TO 

METER 

0 
S555G 
• 

I— I— I— I-
▪ 1— I-

▪ 0 et « 
1:10 CD 

o 
100K 
METER 
SENSING 

SC/ALA 

REC INPUT 30NIC 

MIXER 

F0-30MC 

FREO 
MULT 
X,4 

XTAL 
OSC 

TEST OSC 

2008 
ATTEN 

H I - F 
PREAMPL 

820 

30MC OUTPUT 

I -F 
AMP1 

I -F 
AMP1 

DET 

FILTER 
4TH 
HARM 

•••  

AUDIO 
AMPL 

PHONES 

CRYSTAL 
OSC 

100pFI 0.15g.H 100pF R1 

5K 

PARAMP TEST SET—Supplies c-w signal that put of paramp on meter. Test set also has plifier for Space Probe Tracking, Electronics, 

can be injected into parametric amplifier 30-Mc output for feeding automatic noise- 34:4, p 41-45. 

under test, and indicates relative power out- figure meter.—C. F. Brett, Parametric Am-
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DIODE TESTER—Three-triode constant-current 

difference amplifier triggers magnetic am-
plifier that drives reject mechanism of auto-

matic zener voltage tester for diodes.— E. V. 

Marrott and V. S. Zucco, High-Speed Auto-

matic Diode Tester, Electronics, 34:2, p 93-

95. 

INPUT 

6BX7 
2 

0.1 

68K 

+500 +300 

+500 
29K 

10 MH 

 I O. 

-110  47  

VI2 2D2I 

43K •  

6 

-1 0 

e 

6AL5  

1 0.01 

100 

6AL5 

250V 

TEST 
_START 

ZENER CURRENT SUPPLY 

750µH 

0.1 
1/2 5687 

100K 

+500 

7 68X7, 

560 MIsF 

750µH 

510K 

0— 145V 
0— 6.2 V 
0— 80 V 
o— 4.7 V 

BALANCE 
10 K 

—2 5691 

390K 

75OµH 

/2 5687 

K . 1,000 

GNO. GROUND 

1/2 68X7 

(-610) 

1/2 5687 

+ 500 
50 OHMS 
TO GNO) 

100 V20 

V2 
20K 

4X1504 

91 

 oI7 
•16 

15 
14 

13 

TO 
REJECT 
CIRCUIT 

150V 

6 

500,01 

j21.ol 
Ve 

IN485 

100 

8.4 V 

AMPL 
MAG 

+300 

1/2 5687 

0.01 

 )1- 1µSEC 
DELAY--

+500 +500 
(GNIA (GM 

10K 2 
68X7 v26 

R2 

1110 98 

4 X1504 

10 

43 

20K 

(-500) 
OUTPUT 

3 

12 

12 

22 

91 91 51 47 

CURRENT PULSE GENERATOR—Used for pro- Provides pulse amplitudes from 200 ma to 3 Goss, Current Pulse Generator Tests Magnetic 

duction testing of ferrite memory cores, amp at repetition rates up to 20 kc.—H. W. Cores, Electronics, 33:1, p 80-81. 
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ROTATING UNIT 

LOW- 1 INPUT 
TRANSFORMER 

10°0 M 

o  
TRANSDUCER # 

INPUT —8.1 
LOW IMPEDANCE HIGH IMPEDANCE 

INPUT INPUT  

MOD TRANSFORMER 
PRI-SEC 

10:11 

044F 

2 

V 
6CW4 

800PF 

80k 20Ccç 

L2 
12 
6CW4 6v 

O 

STATIONARY 
COUPLING COIL 

150c' 

L3 TO READ-OUT 
EQUIPMENT 

I I FIL 

''20V 

IN 

90 V 

01 

2NI499A 

D 

WI  
CTP3C9 

3K 

D-C LEVEL SHIFTER-Provides adjustable shift 

of up to 18 y in d-c voltage level of signal. 

-T. Mollinga, D-C Level Shifter Checks New 

Computer Modules, Electronics, 35:27, p 

44-45. 

SHORTS TO BE REPLACED WITH 
COMPENSATION RESISTORS 

WHEN REQUIRED 

75V 

Iil-
COMP. 

EXT.' AND 
W BIAS l 

'NETWORK' 

L   
I I.," td 
J  -J 

NONHEATING THERMOCOUPLE TESTER-Po-

tentiometer completes bridge circuit of simple 

test set that checks thermocouple installations 
for thermal contact, electrical continuity, and 

correct polarity, without causing temperature 

change at thermocouple junction. Operation 

depends on resistance difference between 

thermocouple wires, which ranges from 6.5 

ohms per 100 feet of 28-gage copper wire to 

266 ohms for Chromel-P.-S. Meieran, Tester 
Ch zks Out Thermocouple Circuits, Electronics, 

36:11, p 102-106. 

0-+100 

II5V 
60 CPS 

100 < 

2NI384 

2 4 K 

INDUCTIVE TELEMETRY FOR ROTATING TEST 

FIXTURE- Transducer, oscillator, modulator, 
and battery supply rotate with device under 

test. Carrier frequency of 1 Mc, modulated 

over range of 200 to 10,000 cps, is trans-

ferred inductively from rotating output coils 

L1- L2 to stationary pickup coils.- H. Baumann, 

Inductive Telemetry Improves Spin-System 

Measurements, Electronics, 36:46, p 41-42. 

-I2V ft 
2NSEC 
2ONSEC --ow 

6ONSEC 

Ro 
5K 

03 

2NI384 

820 

+28V 

04 
2N576A 

5.1K 

R2 
100 

+20V 

1111124 

500 

211651 

33 

2N65I 

r — 
o 

o 

5 
25W 

2N376A 

330 150 

100-mA 
DRIVER 

12 1-AMP 
DRIVER 

IN 2484 

 o 

OUT 

LOAD 

o o + o 
1 0-100mA 

 02 100mA-IAMP 

3 IAMP-5AMP 

2N376A 

10 

5-AMP 
2 DRIVERS 2 
25W 25W 

2N376A  

1112484 

10 
1112484 

PULSE-TYPE TRANSISTOR TESTER-Constant-

current drive for pulse-testing of power tran-

sistors at maximum power without over-

heating has three current ranges. A-c signal 

in phase with collector supply is advanced 
88 by phase- shift bridge, to center one-shot 

mvbr pulse on peak of a-c collector supply. 

-D. H. Breslow, Measuring Parameters by 

Power Transistor Pulse Techniques, Electron-

ics, 34:1, p 120-122. o  

10' 
1W: 
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NEGATIVE-LOGIC LAMP DRIVER—Uses one 

scr and only five components per lamp, to 
switch lamps rapidly, without relays or ex-

cessive loading of control source. Positive 

test signal at B checks circuit and lamp. Con-
trol signal (-8 v) forward-biases gate elec-

trode and scr fires during positive a-c half-

cycles.—A. E. Popodi, Reliable Repertoire Of 

Display Circuits, Electronics, 38:2, p 60-66. 

VHF AMPL 

200 MC 

4•9pF 

200 MC 1,000 CPS 
30% MODULATION 

0.0015 

20-KC WIRE-TRACING MVBR—Used as signal 

source for identifying particular wire at 

midpoint in cable, for splicing. Ends of wire 

are connected between A and B, to become 

part of parallel-tuned circuit of astable 

mvbr. Tiny probe coil with amplifier is then 

used to locate wire carrying 20-kc signal.— 

J. S. Rushton, Probe Identifies Cable Wiring, 

Electronics, 34:9, p 51. 

4.1pF 

12 V 

TEST INPUT 
+8V CIRCUIT TEST 
—8V CIRCUIT OPERATE 

CONTROL INPUT 
OV LAMP OFF 
—8V LAMP ON 

24K 

-0.01 

4 pF 

50 OHM 
DETECTOR 

R1 

10K 

R3 

10K 

0.0015 

4.76 

;22K 

24 VOLTS A-C 

01 

2N2323 

1N1692 

INDICATOR 
LAMP 
DS 1 

VHF TRANSISTOR AMPLIFIER TESTER—Has 

fixed match, neutralization, and bias for use 

as standard test circuit for transistors in tv 

or vhf r-f amplifier stage. With 2N1742 

transistor, power gain is 19 db, bandwidth 

up to 16 Mc, and maximum noise 5.5 db. 

—G. J. Flynn, Engineering Trends in Con-

sumer Electronics, Electronics, 34:1, p 115-

117. 

100K 

-6,800pF 

CVI38 

200K 

FROM 
FR OUENGY 
STANDARD 

:100K 100K 

200K 

22K 

Lc 
5,600 p1 24K 

1.2K 

V9 

CV138 

56K 

10p F 

00K - 0.01 

-105V 

TIME-BASE GENERATOR—Variable time delay 

V8-V9 permits selecting portions of cro dis-

play in pulse-echo cable fault finder. Ad-

justment range is 190 to 1,140 microsec, or 

=.8 

VIO 

C V140 

O 

50NM 

R6. 

5K: 

+ 300V 

11K 

51< 

R5 
25K 

I2K 

TRIGGER PULSE 
TO TIME BASE 

10 to 60 nautical miles.—F. Jones and J. H. 

Reyner, Compact New Instrument Finds 

Undersea Cable Faults, Electronics, 35:37, 

p 48-50. 
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3V 
* ADJUST FOR 10 MA FULL 
SCALE METER SENSITIVITY 

TRANSISTOR TESTER—Leakage current and 

common-emitter current amplification are 

checked by using forward voltage drop 

across two silicon rectifiers in series as ref-

erence voltage. Base current of transistor 
under test is held constant by switching 

series base resistance.—G. F. Montgomery, 

Building a Simple Transistor Tester, Elec-

tronics, 36:16, p 56. 

24K 

20M 

TEST 
10.0. SOCKET 

2M 

+12 

LEAKAGE TESTER—Operational trigger trips 

when transistor leakage is above 5 ma. Re-

sponse time is 40 millisec.—P. Lefferts, Oper-

ational Trigger For Precise Control, Elec-

tronics, 37:28, p 50-55. 

INPUT 
(SEPARATE 
SENSING LEADS 
CONNECTED 
AT TEST 
TRANSISTOR) 

COMMON 

+300 VI 

6ROK 

3 V 

(COINCIDES WITH BASE 
ENABLING GATE  DRIVE PULSE) 

POWER TRANSISTOR TEST GATE—Rectangu-

lar pulse opens saturated amplifier; gate 

output is then a series of pulses whose 

amplitude is equal to voltage across power 

transistor under test when full load current 

is drawn.—D. H. Breslow, Measuring Para-

meters by Power Transistor Pulse Techniques, 

Electronics, 34:1, p 120-122. 

10 K 

OUTPUT 

251 

Ki IS SIEMENS 
I-196E 

K X 1,000 

IN 
FROM 
PROBE 1)6 

10K 
100 

20-KC WIRE-TRACING PROBE—Used to iden-

tify wire in middle of long cable, carrying 

20-kc mvbr signal. Pickup probe for ampli-

fier has 600 turns wound on U-shaped trans-

100 

+3 

+3 
IOESB 

SYLVANIA 

20 

LOW-COST TRANSISTOR TESTER—Indicates, in 

one simple operation, whether transistor 

has had catastrophic failure and, if not, 
whether it can provide minimum data (gain) 

of 20 at 30 ma. Test circuit is inverter 

120V 
£0 
CPS 

TRANSISTOR CURVE TRACER—Staircase wave-

form generator supplies test transistor with 

six values of base current during each cycle, 

to develop family of curves for cro. Range 

switches give wide choice of test voltages 

CV448* 
D2   

CV448 0C7I 

14 - 

24 

KI t 850 

r 12V 
 0 

6V 

former steel. Relay closes and energizes 

lamp when probe is held near correct 

wire.—J. S. Rushton, Probe Identifies Cable 

Wiring, Electronics, 34:9, p 51. 

with emitter degeneration resistor RI provid-
ing control of collecto current during warm-

up of indicator lamp.—E. H. Sommerfield, 

Simple Transistor Tester Uses Lamp for Indi-

cator, Electronics, 34:36, p 80. 

TEST 
TRANSISTOR 

R5 -1 

CRO 

3.3K 

100-0-
1Eux 100µA 

78K 
cb—/WV—• 

20K 

I.8K 
o—es/W— • - 10Y 

+10V 

and currents. Four-layer and tunnel diodes 

can also be checked.—C. J. Candy, Simpli-

fied Curve Tracer for Transistors and Diodes, 

Electronics, 33:34, p 68-70. 
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47K 47K 

0.02 

124(17 

470K e 

0.02 

2.5mH 750K 

+ 250 

TACHOMETER TESTER-Free-running mvbr, 

half of which is connected as Colpitts oscilla-

tor, gives 1-Mc sine wave, 100% modulated 

by 15-cps square wave, for testing two-chan-

nel tachometer using radioactive sources.-

R. R. Bockemuehl and P. W. Wood, Unique 

Two-Channel Tachometer uses Radioisotopes, 

Electronics, 35:49, p 44-45. 

+1K V 

TEST 

SAMPLE 

1M 

1M 

47pF 

2711 loon. 300K 

+12V 

12V 

HI-POT TESTER-Operational trigger trips 

when resistance of sample under test is 

less than 500,000 meg.-P. Lefferts, Opera-

tional Trigger For Precise Control, Electronics, 

37:28, p 50-55. 

PC 

FROM   
SWEEP S 
GEN 

RC 

DIODE HOLDER 

Z. CHI 

1,000pF 

100 

Rs2 

2 

TO READ OUT 
EQUIPMENT 

RF OSC COIL  

L2 

5µF 

100 K 

10K 

INDUCTIVE TELEMETRY FOR SPIN TEST-

Transistors in modulated oscillator-transducer 

package withstand over 6,000 rpm on spin 

test while radiating measured data inductive-

_ 1( 4.1pf 

200MC 1,000 CPS-
30% MODULATION 

2.2K 4.7K 

TV MIXER 

standarized 

3 

MOD 
TRANS-
FORMER 

3V 

©2N284 

12 V- 15 

ly from oscillator coils L1-L2 to stationary 

coil of readout equipment.-H. Baumann, 

Inductive Telemetry Improves Spin-System 

Measurements, Electronics, 36:46, p 41-42. 

MIXER 

200 TO 44 MO 

LOCAL 
OSCILLATOR 

INPUT 
244 MC 
I MW 

50 OHMS 

TRANSISTOR TESTER-Used as 

test circuit for mixer transis-

2 
5 I H 

P-vvV-0 

 o 
10 

CH2 .7:— Co 

1,000pF 2,000pF 
u TUNNEL 

DIODE 

RH2 

0.5-5 
'M.  

TRACE OF HEATED 
DIODE 

TUNNEL DIODE CURVE TRACER-Diode holder 

uses germanium blocks as low-inductance 

50V 

100ALF 

+ - 

4.7K: 

--L= 50V 
3 

lo 

(35K) 

2NI259 
01 

R, 
'150K 

4(90K) 

100gF 

1 K"' • I( • 

4,7K 2NI259 
01 390 

R2 
100K 
(20K1 

44 MC 

0.005 

50 OHM 
DETECTOR 

85pF 

K : X 1,000 

tors in tv and vhf receivers.- G. J. Flynn, 

Engineering Trends in Consumer Electronics, 

Electronics, 34:1, p 115-117. 

2N1259 

R2 
100K 
135K) 

2NI259 
02 

resistors, for tracing negative-resistance re-

gion of tunnel diode. Heating effects may 

10K 

1N706 

10K 

IN706 

HORIZONTAL 

HORIZONTAL 
AMPL 

POS 1 0 OB GAIN 
2 20 
3 26 

VERTICAL 

VERTICAL 
AMPL 

POS 1 0 DB GAIN 
2 20 
3 40 

CC.1/30 doublc tracc.-H. G. Dill and M. P Pherson, Tracing Tracing Tunnel Diode Curves, Elec-

tronics, 33.32, p 62-64. 
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100 
[NM 
PULSES 

5 MEG 100 MEG 

820K 

180K 

I 

POTENTIOMETER' 
BEING TESTED 

K = X 1,000 25 

16.4 
MEG VI 

1/2 12AX7 

 O 

-600V D-C 

EDDY-CURRENT WIRE FLAW DETECTOR—High-

sensitivity eddy-current instrument gives me-

ter indication or permanent record of sur-

face or internal cracks and voids smaller 

than 0.001 inch in 0.055-inch-diameter zir-

conium wire used for positioning fuel ele 

ments of nuclear reactors. Wire is run 

through probe coil energized at 150 kc by 
crystal oscillator, and change in impedance 

of coil due to flaw is measured with modi-

fied Owens bridge. Output of bridge is 

amplified in five stages, then rectified for 

measurement by d-c differential voltmeter. 

—R. G. Myers and C. J. Renken, Detecting 

Invisible Flaws in Wire, Electronics, 31:39, 

p 72-73. 

25K 

OSC 

[ 18. 9 1 5.5.. T 
KaF 

6AG 7 

150KC 

CRYSTAL 

500K 

1.8 K 

31K 

6 BA6 

0.001 
—1(  

lOOK 

0.01 

 jE 
39K 

0001 

)1 
0.00 

2021 

270K 

§270K 

250V A- C 

1 110V A-C 

INSULATION RESISTANCE TESTER—Amplifiers 

and thyratron give go-no-go indication of 

insulation resistance. Used in production 

testing of potentiometer-type pressure-sensing 

instruments over their operating ranges.— 

C. N. Boode and C. E. Calaban, Analog 

Comparator for Production Testing, Electron-

ics, 31:13, p 47-49. 

CATH FOL OWENS BRIDGE AMP 

IN AMPLITUDE 500k 
100K 34 STABILIZER 0.01 

 Fi 6L6 
1.2 

MEG 

I.13K 

0.01 500K 

UTC 
LS30 

+300v 

24K 75K 

0.00168A6 

100 0.001 

100K   

0.001 

PROBE 220K 
COIL 

0.001 
6A06 

1.5 K 

AMP AMP AMP RECT D-C DIFFERENTIAL VOLTMETER 

100K 
.7.17.0.01 

50 

AMP 

1.8 K 

.5412-
Hr-62 

AuF 

50K 

+235V 

0.01 I6K 
I6K 

// /1.r 1W4/51ORT 
+235V K MIIEG 

6 AL5 0-20 50 ' 
// rOT 

5V/ 
6BOK 220K 

50V 

'OFF 

3.9K 

3.9K 

510K 6.8K 

1.2M 

0.001 

10K 
R2 

PULSE 
SHIFT 

43K 

15K 

3.3K 
Vs 

cv455 

C V858 

/ 3K 15 390pF 

VARIABLE-DELAY PULSE—Grid voltage of 

monostable multivibrator V5 is adjusted by 

R2 to give delay range of between 171 and 

228 microsec, corresponding to 9 to 12 nauti-

cal miles of cable under test. Used in pulse-

echo fault finder to generate transmitted 

8 

4 

IK 
PULSE " 
CHECK 

o-

10K 

4 le 7  

6.8K 

V7 

CV 858 

— 0.1 

10K 

OFF 

5 Vo-

50 Vo-4 
12AU7 

OFF 

 TO AMPL 

62 DB 
AT T ENUATOR 

33K 

TO CABLE 
Kee. 

1001( 4.76 

1  105v 

K. X 1,000 

MEG 

HELI-
POT 

100 K 

pulse in synchronism with marker pulse gen- New Instrument Finds Undersea Cable Faults, 

orator—F. Jones and J. H. Rayner, Compact Electronics, 35:37, p 48-50. 
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TUBE LIFE-TEST PULSER—Pulse generator pro-

duces 0.25-microsec pulses at 50 y for life-

testing of 1 to 15 microwave triodes at a 

time. Amplitude and repetition rate are ad-

justable within limits.—R. S. Ringland, Pulse 

Modulator Works into Variable Load, Elec-

tronics, 31:37, p 102-103. 

+450V 

6SN7GT 

100 

62K 

0.001 

6SN7GT 

- 
003 

500 K 

474 ORRTEST 

-1:0 03 

6SN7GT 

0.03 

K 270 K 

DECADE 
RESISTORS—. 10K I K 100 10 

1.5 V 
4,--11--0 SI 

3.3K 

2K 

3.3K 

5.1 
MEG 

-75-0+75 

ri> 

 I 

4-

BAL 

5.1 
MEG 

SA 

0.05 

139 l< 

0.5 

135 100K 
0.1 

vl 
6SL7 

SAMPLE 
PULSE 
TRIGGER 

o 

2 

-150V 

6AC7 
24K 

0.01 
100pe 100K 

IOOK 

BLOCKING BLOCKING 
OSC TRIGGER OSC 

150V 

 RG-62/t) +450V 

;  

68eµF 

 )1  
330K + 450/ 

6AG7 

-, PIASE GENERATOR 

PULSE GENERATOR SECTION 

WAVEFORM TESTER—Used in high-speed test-

ing of ferrite cores, transistors, transformers, 

and other components requiring waveform 

UNKNOWN 
WAVEFORM 
INPUT 

-150V 

e 

0.0 

204 e100 

.1(7311 

100e 

[2 K 

K,X 1,000 

GAI N 
500K 

 )1  

47K 

MEG 

2-6µµF 

6136 

V2 

I2AU7 

I.5K 

36K CO 2K 

I 212417 

B+ 

+300V + 150v 

1/2 12417 

MIXER <JIFF AMP 

MIXER-AMPLIFIER SECTION 

measurement. Based on sampling of un-

known waveform at discrete intervals and 

comparing resulting digital output with that 

2.4K 5965 

CATHODE 
FOLLOWER 

PULSE 
AMPLITUDE 
ADJ 

PULSE 
R2 470K OUT 

100 

RESISTANCE CHECKER—Amplified error volt-

age from Wheatstone bridge feeds 75-0-75 

microammeter to indicate whether resistance 

under test is higher or lower than desired 

value and within preset tolerance. Instru-

ment range is 9,999 ohms in 1-ohm steps. 

Gives go-no-go indication, to speed produc-

tion testing.— D. S. Randall, Go No-Go Meter 

Speeds Resistance Check, Electronics, 31:9, 

p 66-68. 

+300V 

75K 

0.01 

TB 

10K 

0.0047 
CERAMIC 

C3 

I/O 5965 

0.01 

rOOK 

STRETCHER 
PULSE 

+150V 

V24 
1/2 5965 

200K +15Gi 

130K 

1/2 5965 

CATHODE 
STRETCHER FOLLOWER 

STRETCHER SECTION 

provided by perfect component.—B. Agusta, 

Sorting Components by Measuring Wave-

forms, Electronics, 32:7, p 56-59. 

+300V 

270K 

2.5K 

9I1< 

INFO 
e OUT 
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J2 

RESET 

36K 

H 
TO 
68073 
(SEE 
FIG 18) 

2021 
THYRATRON 

***** 

• 

o 

NEON 
INDICATOR 

SHORTING STRIP 

  5,itti A 

Swi 

EACH CAPACITOR 
0.004 MFD 

R10 

105 TO JI ( SEE FIG IA) 

2_ 
"T-TTTTTTTTT I 
10 20 30 40 50 60 70 80 90 100  

MICROSECONDS 

RELAY CONTACT CHATTER TESTER—Monitors 

either open or closed contacts, in 10-microsec 

increments for intervals of from 10 to 100 

microsec. Thyratron conducts if relay con-

tacts remain open (or closed) longer than pre-

determined interval. Inverter ( at right) trig-

115V 
60 -C 
3 WIRE 

ARMATURE-TESTING BRIDGE— Identical cur-

rent pulses are injected into perfect standard 

armature and production armature being 

tested. Transient response, displayed on cro, 

permits fault diagnosis and location. Choice 

gers thyratron during testing of contacts, 
and is normally open. Contacts under test 

are connected to J3 and J4.— E. H. Kopp, 

Production Line Checker for Relay Contact 

Chatter, Electronics, 33:21, p 94-95. 

Nc, nSYNCHRONOUS 
s-e SWITCHES 

6-1 
l'4C2 TEST COIL 

,W NO2 ; 

-IV-STANDARD COIL NO.1 

NO 3 

NO, - N°  

V6 - NO, 
2050  .1-,-  " --C 

C7 

COPE 

SCOPE 
TRIGGER 

_ GROUND 

of four operating modes provides operating 
flexibility.— H. R. Weed and S. K. Weed, Pulse 

Response Pinpoints Armature Faults, Electron-

ics, 33:24, p 70-72. 

T' SCOPE 
OR METER 

TEST 
TRANSISTOR 

1.5V 

5 S2 

• 

R2 R1 

DYNAMIC TRANSISTOR TESTER—Uses block-

ing oscillator and depends on fact that 

open, shorted, or excessively leaky transis-

tors will not oscillate. Good transistors 

should oscillate with RI set at zero, and 

make neon lamp glow if Si is on.— L. G. 

Sands, Dynamic Testers For Transistors, 

Electronics, 33:8, p 66-67. 

I. 0.25 
R2 

4.7K 
•  

TRANSISTOR TESTER WITH SPEAKER—Block-

ing- oscillator test circuit provides tone from 

speaker only when transistor is good ( not 

open, shorted, or leaky). Runaway transis-

tors can be detected by providing npn-pnp 

switch and reversing it to stop oscillation 

for a few seconds, then restoring correct 

position. If transistor then oscillates at dif-

ferent frequency or will not resume oscil-

lation, it is a runaway.— L. G. Sands, Dynam-

ic Testers For Transistors, Electronics, 33:8, 

p 66-67. 

V„ 
+I2V 

R5 
10K 

2NI23 

COMMON 1(.% 1,000 

-,•--••-, 
COMMON 

1.5V p2 

26123 

BIAS 
ON- OFF 

AUTOMATIC BETA CHECKER— Holds collector 

current of test transistor Qx at preset value 

while base current is measured and beta de-

termined.— E. P. Hojak, Automatic Measure-

ment of Transistor Beta, Electronics, 32:49, p 

114-115. 
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WHITE/BLK. 

100K 

100 130 
VOLTS 

0 NE51 

OFF 

S2 ON BLK 

AUTOMATIC I DIELECTRIC TESTER 
CONTROL UNIT 

MOTOR 
(REVERSING) 

MFD 

— 
I TIMER TINEMF 
I MOTOR CLUTCH SWITCH 

2W 8 
PLUG 

54 3 
SOCKET 

111 

VARIAC 

RESET BOT  — I 
SWITCL116 

•  

DELAY RELAY 
6 2 
5 4 3 

-o   
TOP 

10 K 

APPROX 
10 M 

1 N I 0 8 2 

9 
HI-

 r --1 
DC 

HI-
 r-1 POT 

AC 

•"• 

RL4 

MFD 

1 NI 08 2 

115 V AC ite .rii 
60 

G 

METER 
PANEL 

DIELECTRIC-STRENGTH TESTER—Automatic se- be inserted in any commercial high-pot tester. 

quencing of test functions minimizes high- —F. .1. Clounie, P. M. Degroat, and E. M. 

voltage danger to operator and improves Szymanski, Control Makes Test Safe, Ac-

accuracy of readings. Control system may curate, Electronics, 33:19, p 88-91. 

GREEN 

NOTES: 
1. T1 TRIAD F-91X 
2. ALL TRANSISTORS 2N234A 
3. * RESISTOR VALUE DETERMINED 

BY METER RESISTANCE 

Si 

3MS10 
IN1702 

(4) 

METER-CALIBRATING POWER SUPPLY—Pro-

vides adjustable regulated voltage up to 

30 v. Zener diode regulation gives immunity 

to line voltage variations, giving performance 

equivalent to that of battery bias packs. Can 

also be used for testing transistors.—"Zener 

Diode Handbook," International Rectifier 

Corp., 1960, p 61. 

7-10V 
 —k 20V 

L — 30V. 

_S) 

MILLIAMPERES 

xi 

X2 

X3 

ON 
 r/e<,  

500ma. S3 OFF . 211 

A 

" 0 10Ma. 1.1M 

0-1ma. 

VOLTMETER 

0-30 VOLTS 
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60 CPS 

56g! / MDUCTUNER TUNING 
6A85   # 6AK5   
5654 

5654 _It_ 

390  4,700 
41 

cc 0-100mA 

METER 
SHUNT 

20,30,60 PULSE/SEC 

TRIGGER 
GEN 

VARIABLE 
DELAY 
LINE 

PULSE 
GEN 

RF 
EXCITER 

1MEG 
ve.  

MEASURE 
SCREEN 
VOLTAGE 

250 K 
SCREEN 
VOLTAGE , 

0.514 

5µµF 
:RYSTAL 

R-F 
OUTPUT 
TO 
FREQUENCY 
COUNTER 

I 

FREO 
DIVIDER 

40XV 
FIECT 

""" o 
o  

rt IAN 

-1 1 
STANCOR PC 8« 
EA7 V -C 

K. 51,000 

QUARTZ OVERTONE CRYSTAL CHECKER— 

Rapidly measures equivalent parameters, in 

range of 75 to 200 Mc, by combining active 

and passive measuring systems. Crystal be-

ing measured controls frequency stabiltiy of 

oscillatory circuit of crystal impedance meter. 

—D. W. Robertson, Plug-in Bridge Checks 

VHF Quartz Crystals, Electronics, 31:19, p 

82-85. 

FAULT 
SENSING 
CIRCUITS 

300 

TRIGGER 
TRANS-
HITTER 

VARIABLE 
DELAY 
LINE 

PULSE 
GEN 

10-20W 
F< 500MC 

AMPL 

VARIABLE 
DELAY 
LINE 

_L 
TRIGGER 
TRANS-
MUTER 

HARD 
TUBE 

MODULATOR 

5630 
"CROWBAR" 

  PROTECTIVE 
TUBE 

SPACE PLATFORM 
(OPERATES ABOVE CATHODE POTENTIAL BY 35KV) 

1 

TRIGGER 
RCVR 

TRIGGER 
RCVR 

PULSE 
TERMINA-

TION 
CIRCUITS 

PULSE 
GEN 

6448 

2 OF 3E29 6166 
IN PARALLEL 

°IL 
5K V 

150 

3KV 

DEV 
TYPE 
A15034 
SWITCH 
TUBE 

_R_ 
24XV 

RCA 
DEV 
TYPE 
A25I58 
PWR 
AMPL 
DRIVER 

DEV TYPE A- 2515-B 
INTERMEDIATE 

POWER AMPLIFIER 

TESTING 300-KW UHF TUBE—If arc develops 

in protected A2346 tube, ignitron crowbar 

circuit grounds power supply in less than 5 

microsec. Keying circuits operate at 35-kv 

35K V - 10MEG2V11_ 

10 - 2,000o SEC — 41 

n! 
150XW 

 II  

DEV 
TYPE — 
A2346 
POWER 

AMPLIFIER 

WATER 
COOLED 

RF 
DUMMY 
LOAD 

plate voltage of tube under te t, applied in —G. Flynn, Super-Power Electron Tube for 

pulses 10 to 2,000 microsec wide through UHF Band, Electronics, 33:15, p 70-72. 

switch tube. Peak plate current is almost 

300 amp during 5-megawatt output test. 
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ELECTRO-EXPLOSIVE DEVICE TESTER-Uses 

combination of tubes and solid-state thyra-

tron to generate single pulse up to 100 amp 

with duration of several millisec, for testing 

detonators, primers, squibs, and explosive 

switches.-V. W. Goldie, R. G. Amicone, and 

C. T. Davey, Generating Pulses With Solid-

State Thyratrons, Electronics, 32:33, p 70. 

CONNECTOR 
PULSE 

GENERATOR 

1.- 50N5 

CRO AI 

TRIGGER 
INPUT 

C2 
I 0.02 

TEST 
1 JIG 
L_ 

PULSE IN 

DIODE 

C3 
Q02 

+250V 

MaMMINMMUll 

TIME-8ASE 
GEN OUT 

HORIZONTAL 
100ASEC/DIV 

VERTICAL 20v ' DIV 

Kr X 1,000 

R1 B1 

5,000 22 .5v 

1— - 12V 

3.9K 
3309F 

2N535 

330 pF 8.2K 8.2 

1130K 

6.8K 

6.8K 

2N535 

STOP 
START 

2N535 

2N535 

2N 535 

CC W N  o  

STEPPER MOTOR TESTER-Digital test equip-

ment automatically evaluates performance 

of magnetically detented stepper motors in 

several modes, for wide variety of test con-

ditions. Analyzer compares number of ap-

C 

IN90 

50db 
PAD 

Az 

56K 

2N535 

TO 
SAMPLING 

CRO 

-12V 

68K 

2N535 

IN9Q{ 

47K 

56K 

try 

25K 470K C1 CLUIRTEINNGT 

0.01 2 33H RESISTOR 

POWER 4-. 
V3 SUPPLY 

2D2I 

vr--C35C 
01 

SWITCHING DIODE TESTER-Used in checking 

performance of computer diodes when han-

dling steep-edged, short-duration pulses. Neg-

ative input pulse cuts off diode current, and 

sampling oscilloscope with 1,000-Mc band-

width permits study of diode recovery times 

down to 500 picosec.-W. S. Eckess and P. G. 

Ducker, Measurement of Diode Switching 

Characteristics, Electronics, 33:15, p 59-61. 

2NI056 

2N535 

2N535 
100 

2NI056 

3.9K I2V 

2N535 

270 

K r X 1.000 

plied voltage steps with number of motor 

movements. Pulse train from power ampli-

fier is gated through logic circuits that pre-

vent switching from occurring in middle kit' 
pulse, and keep input pulse line closed even 

330 pF 

-50V 

INPUT 
COMMAND 

CW 

MOTOR 
RESPONSE 

CCW 

-I2V 

FWD LINE 
INPUT MINUS 
RESPONSE 
COUNTER 

6.8K 
3.9K 

-50V 

INPUT 
COMMAND 
CCW 

I8K 

-12 V 

IN90 
2N935 

I3WD LINE 
INPUT 
MINUS 
RESPONSE 
COUNTER 

1N90 

MOTOR RESPONSE CW 

when switching motor direction.-H. J. Weber 

and M. Weiss, Analyzing Magnetically-De-

tented Stepper Servo Motors, Electronics, 

23.39, p 71 74. 
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MEASURING SCR TURNOFF TIME-01 in par-

allel inverter circuit is triggered by closing 

51, to give 10 amp of test current. When 52 

is closed after warmup, 02 turns on, con-

nects positively charged plate of Cl to cath-

ode of Ql, and makes reverse current flow. 

If turnoff time of Q1 is less than 12 microsec, 

it will remain turned off and ammeter read-

ing will return to zero. If test rectifier fails 

to turn off, 53 should be opened immediately 

to prevent overheating.- D. V. Jones, Turn-Off 

Circuits for Controlled Rectifiers, Electronics, 

33:32, p 52-55. 

3.9K 

T 
-L0.5 

47K 
3.9K 56K 

0.01 IN90 

(-4 
330 
PF 

2N535 2N535 

OK 270 8.2K 

47 

3.9K 47K 

330 
PF  

0.57 
3.9K 

2N535 

8.2K 270K 

2N535 

8.2K 

68K 

IN90 

11490 

I2V 

2N535 

 OUT 
CW 

6.8K 

3.9K 

-L 0.5 

47K 

2N535 

39K 56K 

001 11490 

2N535 

10K 270 8.2K 

3.9K 

/-1(  
Q.57 

2N535 

68K , 

I1490  

IN90 
_ 

2N535,,  

6.8Ke 

STEPPER MOTOR RESPONSE LOGIC-Clock-

wise and counterclockwise pickoff channels 

each drive monostable mvbr, with output 

of each being added to signal of other chan-

nel. Direction- of-rotation information is sup-

I2V 

OUT 
CCW 

plied because pulses appear only on line 

whose pickoff's signal came first.- H. J. 

Weber and M. Weiss, Analyzing Magnetically-

Detented Stepper Servo Motors, Electronics, 

33:39, p 71-74. 

ULTI VIBR ATOR 

7 _L 
'MEG 

4. 

0.005 

21.4109 

FROM 
PULSE 
TRANSFORMER 
ACROSS 0,1 CONTACT 

SENSITIVITY 
CONTROL 

27 K 

2.2 MEG 

33K 

2 N247  -Ts 

V, 
-16V 

2.2MEG 

r - INTEGRATOR AND AMPLIFIER 

3.3K 

IMEG 

2NI39 
2N139 

2N1O9 

2 N139 0.25 470 4.3MEG 

Vdc 
  AMPLIFIER 1 - 1r6V 

IK 

0.0 2 N384 

5.6K 

470 

r - GATE - - - 

2N273 

1.5V 

100K 220 

8.2K 3.9K 

0.1 2ooj 

2N 24 7 

FLIP-FLOP 

0.021L 

-Wsr-
15K 

2N582 

33K 33K 

1N544 15548 
+ I,5V 

III 

50W 360° POT 
MOI OR 
DRIVEN 

K X 1,000 

01 
2N301 

TO SCOPE 
  Y AXIS 
_L 

50 It 
R, TO 

,SUPERCONDUCTING 
CONTACT 

2N582 

2N104 

GATE BIAS 
CONTROL 

9V 

TO WIRE 

TO SCOPE X AXIS 

CRYOGENIC CONTACT TESTER-Measures 

critical current in superconducting contacts 

during periods shorter than 100 microsec in 

which such currents can be maintained, and 

gives oscilloscope display.- J. I. Pankove and 

R. Drake, Measuring Critical Current in Cryo-

genic Circuits, Electronics, 33:4, p 52-53. 
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SID 

✓° 
TEST 

o  

COLLECTOR CURRENT 

100 

SIB 

r° o  
BASE CURRENT 4.3K 
I ADJ 

50 

LE jr," 
Sir 

IK 5 
101; 

S2 
COLLECTOR 
EMITTER 
BASE 

BASE CURRENT 

TRANSISTOR GAIN AND LEAKAGE TESTER-

Designed for general testing of production 

units. Switch Si changes over from npn to 

pnp transistors. After controls are set for a 

specific transistor type, checking involves 

only noting base current when test button is 

pressed.-F. W. Kear, Simple Test for Tran-

sistor Quality, Electronics, 35:39, p 80-81. 

CONTACT TESTER-Determines whether con-

tacts have maintained their normally open 

or closed conditions during shock and vibra-

tion testing. Dual circuit monitors both types 

of contact.-F. W. Kear, Contact Monitoring 

for Vibration Tests, Electronics, 33:15, p 

78-79. 

2.4 pf 

100-MC NOISE FIGURE TEST SET-Used in 

measuring upper noise-corner frequency of 

POLARIZED RELAY 

WE 225 

LOW 

100 MA 50 SELENIUM RECT 

IN 34 

K. X 1,000 
MAGNETIC TAPE FLAW DETECTOR-Transistor 

oscillator records steady test tone on tape. 

Machine stops during playback when repro-
duced level indicates flaw that would make 

tape unsuitable for broadcast use. Polarized 

500-500 AUDIO DBM 

28V SUPPLY T2 

2N104 

ON 
 (re% 1 TEST 

NEON ON 

TUNED CIRCUIT 

CONTROL INPUT 
-8V LAMP OFF 
OV LAMP ON 
TEST INPUT 
-28V CIRCUIT TEST 
-8V CIRCUIT OPERATE 

R3 10K 
R1 10K 

POSITIVE-LOGIC LAMP DRIVER-Turns on 
lamp for zero or positive control pulse at A. 

Negative pulse at 8 tests condition of cir-

cuit and lamp.-A. E. Popodi, Reliable Reper-

- 6 v +2v - 6v 

transistors, by measuring small-signal short-

circuit forward current transfer ratio (common 

ON 
TAPE TEST 

 PLAYBACK 
0.1 
IT AUDIO IN 

POWER 

1 

ro> 

PUSH TO START  
13 500 0.1 V A-C  

OUT TO TRANSPORT MOTOR 

IN FROM AMP 

INTERUPTS 
13+ TO BIAS 

OSC 

10 RECORD HEAD 
relay charges memory capacitor as it responds 

to transient. Capacitor discharges into coil 

of slower relay, which in turn stops transport. 

-N. J. Thompson, Detector Pin-Points Mag-

netic Tape Flaws, Electronics, 32:2, p 50-51. 

10K 

24 VOLTS A-C 

2N2323 

DI 

1N1692 

INDICATOR LAMP DS1 
toire Of Display Circuits, Electronics, 38:2, 

p 60-66. 

(21 2N1407 or 2N1143 

0.01 i.tf Q2 Test transistor 

L1 5 turns # 18 tinned buss I/4" 

dia 7/16" length no core 

L2 3.3 gh rfc 

emitter) h-fe or f-T.-Texas Instruments Inc., 

"Transistor Circuit Design,- McGraw-Hill, N.Y., 

1963, p 305. 
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-1-300V 

I 0.1 
TO 0.6 

z 2N30IA 
ImFI 

+ I 
10V 

SUPPLY 

TEST 
RELAY 

CONNECTIONS 
30 

CONTACT 
PAIRS 
MAX. 

VI 
2021 

75K 

  2 

F620 

R3 
I 3830 

°OFF 

VOLTAGE 
DIVIDER NO.4 

1K 
BIAS 

A-C 
250V 
60 

CI 

350V 

02 D-C 
NI74 160K 

10K 

+12 VOLTS DC 

ELECTROEXPLOSIVE PULSER-Used in deter-

mining energy required to fire 50% of devices 
being tested. Uses thyratron as pulse gener-

ator, transistor for pulse shaping, and power 

transistor as linear amplifier to give either 

constant-current or constant-voltage pulses 
over wide range (0 to 10 y or 0 to 10 amp 

1 at durations of 100 to 1,000 microsec).-L. A. 

Rosenthal, Generator Delivers Constant Cur-

rent or Voltage Pulses, Electronics, 33:38, p 
82-84. 

0.1 

TO 
OUTPUT 
CIRCUIT 

DI 
IN 7464 

- limited, to prevent damage to low-power cir-

PARALLEL-PATH CONTINUITY CHECKER-Used cuits. Resistance levels for continuity checks 
for monitoring nonseparable parallel paths are set at 5, 20, 100, and 1,000 ohms.-

for continuity in automatic testing equip- R. H. Wassum, Parallel-Path Continuity-

ment. Current through circuit under test is Checking Circuit, EEE, 14:8, p 164-166. 

— NO NO.47 LAMPS 
NO I 

NC I 

NO 2 

NC 2 

NO 3 

NC 3 
ALL e I 
ARMATURE >--- 10V 
SPRINGS 

  ALL RELAY 
COILS 

IMPULSE COUNTER 

I 4H 

(4) 
1N538 

120V A- C 

RELAY 
COIL 

POWER 

SUPPLY 

36K 

1/2 I2AU7 

VIA 

SEE TEXT 

— 100 

RELAY TESTER-Up to 30 relays are cycled 

automatically for minutes or hours to break 

in contacts and show up early defects. 

350 

+150 

6AL5 
V2 

0.1 

FAULT DETECTOR 
Ji 

+150 

I8K R8 I8K 

20K 

I2AU7 
V3 

(2) 
5pF 

+150 I2.6V A- C 

3.6K 
0.1 

1/2 I2AU7 

10K 
3 DA 0.01 

50K 
I2K 5M 

NE2 
6C4 

NO.47 
LAMP 

50 

RESET 

7: STOP 
AND 130K 

HOLD 
+150 

Tester stops and holds for *ntermittent con- Detec s Intermittents, Electronics, 33:50, p 

tact fault, and lights lamp to identify faulty 79-81, 

contact.- F. Trainor, Automatic Relay Tester 
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DIAL TELEPHONE TESTER—Delivers large 

pulses without being sensitive to changes in 
load, through use of thyratron in flip-flop.— 

Thyratron Used for Bistable Circuit, Electron-

ics, 32:6, p 64-65. 

CONDUCTIVITY TESTER—For nondestructive 

testing of printed-circuit conductors, through-

hole plating, soldered joints, and coils, in 

resistance range from 0 to 50 milliohms and 

currents up to 5 amp. Q1 and Q2 protect 

millivoltmeter from open-circuit voltage over-

loads by energizing relay Kl, interrupting 

rectified output from a-c power supply.— 
F. W. Kear, Unit Measures Printed Circuit Re-

sistances, Electronics, 34:4, p 64-65. 

la- c 

IN1096 

VIBRATION TEST MONITOR—Gives visual in-

dication of momentary contact malfunctions 

in components during vibration testing. Also 

indicates permanent open or short. Each 

channel monitors one component. In testing 

device having normally closed contacts, 

lamp should come on initially. Lamp goes 

180 

CeiAN 2 

out if contacts open momentarily. If lamp 

remains on after reset switch for channel is 

pushed and released, open was momentary. 

If lamp goes out on release, open is perm°. 

nent.—Component Vibration Test Monitor, 

"Electronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 159. 

920 1,000 

02 
INi692 75 

DI 

50 

,.... 
TO HOR1; 
OF CRI 

r.- I50 

TUNNEL DIODE TESTER—Curve-tracing circuit 

provides cro traces as aid in determining 

proper bias and circuit impedances for op-

CAL 
A- C 
VOLTS I 

o  

AC TO D-C VOLTAGE STANDARDIZATION 

—High-gain d-c amplifier is used in feedback 
circuit to standardize ci-c voltages directly to 

36V D- C 
1N43,JA 

REGULATED 

TO VERT OF CRO 

crating tunnel diode as switch, amplifier, or 

oscillator.—R. P. Murray, Biasing Methods for 

Tunnel Diodes, Electronics, 33:23, p 82-83. 

36V D-C 
100 Z IN430A 

REGULATED 

standard cell.—E. A. Gilbert, Feedback Cir-

cuits for A-C Instrument Calibration, Elec-

tronics, 33:40, p 94-96. 

A-C TO D-C CURRENT STANDARDIZATION 

—Used to standardize alternating currents 

directly to standard cell.—E. A. Gilbert, Feed-

back Circuits for A-C Instrument Calibration, 

Electronics, 33:40, p 94-96. 
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Cs 

BASE CURRENT SUPPLY 

TRANSISTOR MEASUREMENTS AT 100 MC— 

Used to measure h-fe at 100 Mc, where all 

circuit parameters become more significant 

and make accurate measurements difficult. 

Circuit has provisions for separating meas-

ured signal from noise, high-gain pre-meter 

amplifier, and accurate method of metering 

r-f level. Maximum error is under 5%.—W. H. 

Hamlin, How to Measure h-fe at 100 mHz, 

EEE, 13:6, p 70-72. 

1.661C 

quired for uniform gain in transistor circuits 

despite variations in d-c beta values of tran-

sistors.—K. Redmond, Biasing Transistors for 

Uniform Gain, Electronics, 33:50, p 74-75. 

TRANSISTOR TEST CIRCUIT—Measures power 

gain, with emitter current varied manually 

by RI in base circuit. Used to determine 

conditions for uniform emitter current, re-

LEAKAGE TESTER—High-reliability current-de-
tecting Schmitt trigger responds to nanoam-

pere inputs for leakage testing of capacitors, 

diodes, and insulation, yet is not damaged or 

even affected by overloads of 1,000 y at 

input. Input of 300 na will trigger output 

relay.—P. Lefferts, Schmitt Triggers on Nano-

amp Inputs, EEE, 14:6, p 91. 

0-30V REG 

TO AMPLIFIER 

7. 16 ; 

+ - 
DtODE UNDER TEST 

DIODE TESTER—Measures germanium diode 

reverse (leakage) current rapidly at 50 y back 

voltage, with no shock hazard and no dan-

ger to meter or diode even if diode is 

shorted or inserted incorrectly. Si converts 

meter from ammeter to voltmeter for meas-

uring test terminal voltage. R2 adjusts test 

voltage to desired half-scale meter reading 

value. S2 permits checking diode in both 

directions.— I. J. Levy, Reverse-Current Tester 

Speeds Diode Checks, Electronics, 31:1, p 

88-90. 

1156 
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Timer Circuits 

A-C ZERO LOCATOR—Locates zero of a-c 

voltage within 0.1 microsec for 50-kc input 

signal. Operation is independent of input 

signal amplitude between 0.15 and 30 y p-p. 

Used for accurate measurement of time in-

terval between given number of cycles of ex-

ponentially decaying 50-kc signal.—L. Costrell, 
A-C Zero Locator, Electronics, 31:3, p 98-101. 

r— 
I LOOP 
OUT 

270i 

eVI 47 

IINITIAL EFP60 
PULSE 
INPUT FII-6 ,70 à'f'°°1 

c... o .... TO-

I LOOP -2V 
- . +60V GATE 

1 14 A 

L.. 10 RG 63/U1 g 680 

CIRCULATING PULSE AMPLIFIER 

+200V 
1.550V 1N67A 

V 

IN 

+200V +5007.1 

0.001 270 i00 

EFP60 I 

+270V 

2,500 

1  

-GATE A 
200l 

'Me I 

/2 68074 I 

t GATE A 

550V +200V 

1+270V 
L5 
MEG 

V7 

0.001 

II 

GATE A 
TIME INTERVAL ANALYZER—Gives high resol-

ution (better than 1 millimicrosec) for multi-

channel measurements of short-life nuclear 

particles. Two pulses, defining time interval, 

are fed into the same loop-forming ends of 

4174 

1/2 
6807A 

27 

COINCIDENCE CIRCUIT 

cm— 

(101 +270V 

HELIPOT 
CHANNEL 

-WIDTH 
ADJUST 

1/2 6807A 

2.55 

0.01 
— 91  

680K 

<820K 

.1j. 0.01 

15K 

1/2 
6807A - 150V 

+270V 

100K 

1/2 5687 

5651 

EFP6 

L._ 

+270V 

I; 2,500 C., 1200 

£1/2 

6807A 

I I+GATE 
2500 

 Hov _J L_. 
SCREEN BIAS SUPPLY 

two transmission lines. By making coinci-

dence circuit spacing slightly smaller on term-

inal pulse lines than on initial pulse lines, 

terminal pulse is made to overtake initial 
pulse. Pulses approach coincidence at 1 mil-

1°0 27°0.0 01 LOOP I 

+200V /270 
+550V  

OUT I 

-2V3 e TERMINAL! 

PULSE 
EFrov INPUT 

L.. 

10K 
0.1211H 

To-
GATE/. • am 

0.001+60V 
4 

KG   
°nu 63/U10" 

-4V 

o ro 

-2V  
LOOP IN 

70 

CIRCULATING PULSE AMPLIFIER 

6807x 

+270V 

1/2/ 
68074 

100 270 

-15ov 

GATE 
limicrosec per transit, so count of transits 
before coincidence gives time interval.—H. W. 

Lefevre and J. T. Russell, Vernier Chronotron 

Times Nuclear Particle Flight, Electronics, 

32:10, p 44-47. 

+ 270V 

TO + 
GATE 

GATED 
SCALER 
OUTPUT 

Ca 

1/2 68Q7A 

270 I 

st-
-150V 

783 
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—28 

SOLE-
NOID 
VALVE 

12 STAGE 1 

2.2K 

2N414 

0.24 

MEASURING VALVE-CLOSING TIME—Deter-

mines exact turne of valve closure from wave-

shape of current in solenoid. Energizing cur-

rent is differentiated and shaped, to trigger 

circuits that measure interval between sole-

+22 

TO.  

30V 00 
RI R4 470 04 

QI IN 6 45 
2N327A 

DI 
54 

953C9 

R3 
4.7K 

GND 

REPEAT-CYCLE TIMER—Provides output pulses 

over dynamic range of several thousand. 

Will tolerate large ripple from power source. 

If D4, D5, and C4 are added as shown in 

dotted lines, will tolerate transients up to 

2N1305 

ONE-SHOT MVBR TIMER— Designed to switch 

4-ma load having 12-v supply. Output is 

--12 y for period that can be adjusted from 

1 to 5 sec. Timing is accurate within 10% 

STAGE 2 

300K 

0.05 

22K 

—12 

4.7K 

OUT 

2N4 4 

noid switch closing and final solenoid posi-

tion.— R. L. Kissner, Determining Closure Time 

in Missile Control Valves, Electronics, 33:42, 

p 88-89. 

IN645 

C3 + 
50p F-_ 

GE 3S2 791G20 0 
RELAY 

06 

IN645 

R5 330 

•—t-0 
o 

Q4 
953 

R 9 
15.6 K 

100% of supply voltage with several microsec 

duration.— Low-Frequency Stairstep Generator 

and Timing Circuit, " Electronic Circuit Design 

Handbook," Mactier Pub. Corp., N.Y., 1965, 

p 144. 

R-

270 (.2 

from 20 to 60 °C.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 
— N.Y., 1963, p 413. 

Note: All resistors are f. 5%, '/2 watt 

DELTAM A X CONTROLLED RECTIFIER 
5504—D2 CORE ZJ-39L 

SATURABLE-REACTOR TIMER— Varying d-c 

bias voltage applied to control winding of 

saturable reactor changes time for magnetic 
flux to reach final value, permitting use of 

circuit as frequency divider for timing appli-

cations. In 400-cps circuit shown, division 

can be adjusted over range from 1 to 10. 
Output diode prevents thermal runaway in 

controlled rectifier when anode is going neg-

ative and gate is positive to cathode.—J. S. 

Sicko, Counting and Timing Circuits Use Sat-

urable Reactor, Electronics, 33.19, p 61-63. 

CI 

C2 

RI 

C2 
R2 

CI 0  

C2 0  

RI>3K 

BASIC HYBRID UJT-PNP TIMER—Serves as 

symmetrical square-wave mvbr when fixed 

or variable resistor is connected between E 

and G. Serves as one-shot mvbr when fixed 

or variable resistor is connected between Cl 

and E. Other configurations shown for ex-

ternal connections give constant or variable-

frequency nonsymmetrical multivibrators.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 338. 

 OE 
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PLUG-IN TOOL-USE TIMER-Serves as running-

time meter for soldering guns, electric drills, 

and other portable power tools. Tool is 

plugged into outlet on timer, eliminating 

need for connections to switch of device un-

der test. Load capacity is from 25 to 1,000 

w.-R. L. Ives, Circuit Times Operation of 

Portable Tools, Electronics, 31:5, p 62-64. 

110V 
60 
CPS 

4 

2,500 
OHMS 

LOAC 

2021 

BASIC THYRATRON TIMER-Is not completely 
linear, partly because of contact potential in 

grid circuit, but nonlinearity errors are 

usually less than 3% up to about 60 sec.-

R. L. Ives, Timer Made More Linear, Elec-

tronics, 32:5, p 66-69. 

110V 
60 
CPS 

IMPROVED THYRATRON TIMER-Linearity is 

improved by varying capacitance rather than 

resistance in grid circuits. Timing error is 

less than 1% for 1 to 400 sec.-R. L. Ives, 

Timer Made More Linear, Electronics, 3215, 

p 66-69. 

FET TIMER-Darlington-like pair Q2-Q3 serve 

with Q1 as monostable mvbr, most useful as 

timer because high input impedance allows 

use of modest capacitors to obtain long time 

FOIL TIP NO-.1 

FOIL BLADE 

2 

OF 

EPEE BLADE 

(PEE 
P 

40.1 
FOIL 
JACKET 

1 I . 1 sea to 3 min 

S Pushed 

MI resistors are ±5% tol., 
1/2 w. Cl is ±10% tol. Mylor,©  

temp. range -20°to + 55°C 

delays In stable state, Q2 is on and Q3 is 

satura ed, holding Q1 off.-L. J. Sevin, Jr., 

"Field-Effect Transistors," McGraw-Hill, NY., 

1965, p 89. 

X RESET 

NO .2 
FOIL 

JACKET 

FOIL TIP NO.2 

FOIL BLADE 

EPEE  71C 
_ 49 11 

NO.2 

EPEE BLADE 

680 =. 

R2 3.3K Q ,   

3.3« 
CK 768 

4.7K CK 722 
  RESET 4.7K 

2N307 
220 83(1 ) 

100 

REO 
NO.44 

1N60 

RED 
NO.44 
PL 2 

GREEN 
NO.44 
PL 3 

GREEN 
NO .44 
PL 4 

2 307 
220 

100 

IN60 

CR 768 

II 

4.7K 3.3K 

C 722 
O 

RESET 4.7K 

3. 

26307 
IR 220 0„ 

0 13 

3.3K14. 

CK768  

WE 2 R  

00 

11160 

WRI TE 
NO.44 
PL8 

WHITE 
60.44 
PL3 

WRIT E 
NO .44 
PL 7 

WRI TE 
NO .44 
PL 8 

ON 307 

oro 220 

00 

IN60 - QI9 

K768 
C 722 

RESET 0,9 680 

680 
3.3 K 

4.7K 3.3K 

CK 722 

0 16 

CI 

025 

-41-

C3 

 It  

11160 

680 

0.25 220 100 

1K 6.8« 

1660 
2.2K F  

  sr 
Oe 

or 

CK722 
0, 

CK768 

6307 
07 

Q6 0.05 
=-

INSO 

INKS - 
--98  

021 

68 

AMBER 
NO.49 
PL 9 

,K 
2 

sit  

2 4.7K 

4700 p i K, 
bi .... 

250-1K , IN60 
25 «6500 c8722 

3A CK727 52 08 
03 E0e-«I,-  

CK768 

09 

sr 
,CK722 

C8 277 - 
.12 / 

0.25 

g11160 

  K •X 1,000 
- 

FENCING TOUCH TIMER-Detects touches in 

either epee or foil fencing, determines if 

touch is held long enough to score point, 

then starts timing interval in which other 

fencer may also score. Lamps indicate status 

of match. Loudspeaker sounds tone when 

sequence of touches is correct, and switch 

51 must then be reset for next scoring se-

quence.-W. R. Durrett, Electronic Judging of 

Fast-Moving Sports Contests, Electronics, 

32:32. p 114-115. 
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R3 

15,000 K 

• .4 
D2 
1N4009 

3N58 
Gc 

R1 

8.2K 
T100,u F 

R4 

K 1 

RK.1K 

R5 

27K 220 —ry-r---o- + 9 VOLTS 
El 

GA 
NO CONNECTION 

01 
2N1304 

R2 
22K 

START-STOP CONTROL-Low-cost transistor ar-

rangement controls four precision timers used 

for simultaneous measurement of time inter-

val of four integrating circuits. Time between 

first digital output pulse and firing of circuit 

is determinable within 0.01%.-F. W. Kear, 

Tests Show Control is Key to Timer Accuracy, 

Electronics, 33:27, p 62. 

LINEAR-SCALE FET TIMER-Operation com-

pares to that of one-shot mvbr. 03 is nor-

mally on and Cl is charged. When Si is 

closed, 02 and 03 turn off. 03 remains off 

SI 

-9 VOLTS 
E2 

15-MINUTE SCS TIMER-Transistor and silicon 

controlled switch together serve to open re-

lay 15 minutes after it is activated by man-

ual closing of battery switch, for operating 

recording instruments.-T. H. Charters, Low-

Cost Time Delay Controls Recorder, Elec-

tronics, 37:18, p 84. 

TIMER 1 TIMER 2 TIMER 3 TIMER 4 

1117V 
6A-C 

RESE0T 

2K 

100 

Ql 
K ' 2 

100 

O 2K 

100 

O 3 2K 

100 

40V D-C 

ALL TRANSISTORS 2N174  OR EQUIVALENT 

05 

START 

-7.3v I  

EXTERNAL 
START 

It= 1 sec to 3 min 

S1 pushed 

All resistors are ± 5% tolerance, watt. 

C1 is 10% tolerance, Mylare. 

Temperature range = - 20 to + 55°C. 

until charge on Cl decreases to point where 

K=X 1,000 

duct. 02 here acts as voltage-variable re-
sistor.-Texas Instruments Inc., "Transistor 

Circuit Design," McGraw-Hill, N.Y., 1963, p 

02 is turned on sufficiently to make 03 con- 519. 
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10-SEC SCS TIMER—Switch applies positive 

pulse tu gate of scs, triggering it on and 

thereby supplying power to relay load and 

ujt timing circuit. At end of timing interval, 

determined by R-C, timer feeds negative 

pulse to anode to turn off scs.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 435. 

+24V 

R5 
40,000 [— 

Rp-R 8 

Rx 

D5 

10,000 

L__ 

+24V 

Rp 

+12y j 

CONSTANT - CURRENT GENERATOR— Insures 

that voltage across charging capacitor of 

unijunction-transistor timer increases linearly 

with time. Maximum charging current is 

about 0.3 ma with 2N2605 for 02 and 1N643 

for D5. R7 is 1,000-ohm potentiometer.—A. A. 

Lampell, Off-the-Shelf Integrated Circuits for 

Versatile and Accurate Timer, Electronics, 

38.25, p 70-73. 

TELEPRINTER CHARACTER COUNTER—Simple 

circuit switches on timer clock only when 

teleprinter keying impulses are present, to 

give indication of traffic volume, flow, and 

routing.— R. E. Pafenberg, Character Counter 

Aids t.i Routing, Eicctronim 

34:17, p 120-121. 

I2V 

SOLID-STATE TIMER— Uses fet constant-cur-

rent source to eliminate timing errors due 

to unregulated power supplies and line 

UJT TIMER— Charging current of Cl should 

be greater than 20-microamp peak-point cur-

rent at which 03 is triggered and less than 

8-ma sustaining current of 03, so ujt will 

TRIGGER SHAPER 

+200 

1,000 

ECC82 
V2 

+200 
SIX 02 030885 D1 

DIODE 
GATE 

47K 
e10K 

20K RIGGER 
LEVEL 

-108 
j 500K 
t—VW 

150K SIGNAL GATE GENERATOR 

transients. Range of 0.1 to 50 sec is con-

trolled by R2.— J. Geekie, Simple Fet Timer, 

EEE, 14:3, p 62. 

100 +12V 

100 
R9 

turn off after it is trigge ed. 2N2422A may 

be used for 03.—A. A. Lampell, Off-the-

Shelf Integrated Circuits for Versatile and Ac-

curato Timer, Electronics, 38 25, p 70-73. 

GATE TUBE TIME DELAY GENERATOR 

+200 ONE SHOT 

82K 56K 0,01 
1,000 

+200 

COMPARATOR 50K 

00 

REPETITIVE 

GTE 175 M 
V3 

10 
K K 330 40K 

10031 II 

ECC83 

1_22K 

INPUT 
-2- AUDIO 

SIGNAL 
FROM 

MICROPHONE 
PRE-AMPL 

OSCILLOSCOPE 
VERT INPUT   

OUTPUT 

TOK TO 
AUDIO 

AMPLIFIER 
20K IN 

INTEGRATOR 
-108 SECTION - 108 

ECC8I 
Ve 

AUDITORIUM ACOUSTICS TIMER—Can be set 

to accept any portion of incoming sound 

signal for feeding to electrostatic squarer and 

digital counter. Microphone preamp feeds 
gate input cnd t•icuer chnper Time base 

consists of phantastron sawtooth generator 

DELAY 
TIME 
100K 

55K 
50K 

33K 39K 

700 
TRIGGER 

- TO 
OSC- ILLOSCOPE 

--1(  
1,000 

+200 

GATE 
FLIP-FLO 

ECC8I 
Ve 

7 i i_5° 100 

1/2 ECC8I 
V7 

0.01 

•  

-- 10ms 
ADJUST 
500K 

I35K I35K 

100 100 

START- STOP ELECTRONIC COUNTER 

and comparator giving delay time linearly 

variable from 0 to 120 millisec.—J. P. A. 

Lochner and P. Meffert, Electrostatic Squarer 

for Acoustic Measurements, Electronics, 33 35, 
p 66-68 
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30pF 
-----_) 

OA FAIRCHILD 
2N709 

—22 V 

«.-f\IV11 — 

tO 
GATED 200 MC 
INPUT TIME 
MEASURED IS 11-to 

RESET +22 
SIGNAL 0 
INPUT 

RL, < 

470 

+22V 

.919 .9.19 

oB FAIRCHILD 
2N709 

TO PULSE SHAPING AMPL 
AND SUCCESSIVE BINARIES 

H OUTPUT 

10pF 

200-MC BINARY FOR INTERVAL TIMER— 

Gated 200-Mc input is fed to both emitters. 

Individual zoner diodes provide collector bias. 

Base bias is obtained from collector resistor 

load of opposite transistor. Potentiometer 

permits perfect balancing. Time intervals 

are measured accurately to 5 nsec.—C. S. 

Coffey, VHF Counter Measures Time Inter-

vals Precisely, Electronics, 36:34, p 27-29. 

HIGH-CURRENT SCS INTERVAL TIMER—When 

triggered by low-level 5-microsec pulse, furn-

ishes 1 amp to load for 1 sec. Advantages 

are simplicity and high reliability through use 

of silicon controlled switches.—Y. J. Lubkin, 

High Output Interval Timer, EEE, 10:9, p 92. 

SW' 

•• R I 

500 K." 

7 91V 
• 10 K • 
• 

Q3 
2N1303 

Q4 
2N1302 

330 S2 

T20 µf 

+28V 

CS1 
SSPI 

3A60A/S 

+15v 

6.8 K 6.8 K 

• Vp 5VDC 

• POTTER 
BRUMFIELD 
TYPE MalD 

UJT INTERVAL TIMER—Inexpensive relay pro-

vides excellent timing accuracy and high 

isolation in circuit using power gain of emit-

ter junction of ujt Ql. Timing is determined 

by R1, R2, and C1.—N. H. Kadivnik, Interval 

Timer, EEE, 12:5, p 75. 

RL2 

470 

+28V 

2.2K 

I8V 
IN720A 

R2 

500 K 

Q6 
2N1302 

330 Û C2 
5% 20 µT 

DUAL-OUTPUT FREE-RUNNING TIMER—Each .-.1— resistors RL1 and RL2 can be replaced with 

output may be controlled separately. With 500-ohm relay coil shunted by 1N2069 diode. 

stable power-supply voltage and constant be expected with this type of repeating —Texas Instruments Inc., "Transistor Circuit 

ambient temperature, accuracy of 0.1% may timer. Switch is shown in off position. Load Design," McGraw-Hill, N.Y., 1963, p 414. 
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RECYCLING WITH VARIABLE DUTY CYCLE— 

Two 100K variable resistors control on and 

off times. Gives time delays from 0.3 to 6 

sec.—P. Gheorghiu, Recycling Timing with 

Variable Duty-Cycle, EEE, 13:4, p 41. 

TO DIODE MATRIX RESET 
BLOCKING OSC 

DC GFE H 

FROM 
COMMUTATOR 

2,3 8 4 

TO COMMU-
TATORS 283 

22 
22 

.INVERTER P T T F 

AMPLIFIER 
COMMUTATOR I 

BASIC HYBRID UJT-NPN TIMER—Serves as 

symmetrical square-wave mvbr when fixed or 

variable resistor is connected between E and 

G. Serves as one-shot mvbr when fixed or 

variable resistor is connected between Cl 

and E. Other external connections give con-

stant or variable-frequency nonsymmetrical 

multivibrators.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 338. 

22 
otµF -1" 22 

'Tee 
COMMUTATOR 5 

-7V 

47 
PP r 

h 

o 
- ‘_> 

FEEDBACK 
BUFFER 

ALL TRAnISTORS 
ARE 2NI28 S 

I - MC CRYSTAL OSC 

ELAPSED TIME 
READOUT TRIGGER 

II N FROM COUNTER 24 BUFFER 
i.. 
g: 

7 
C, 

o 

SIGNAL 
LIMITER 

08 
22 

z  

SIGNAL 
GATE 

7V 

4.7K I8K 

0,0 

47K 2201 81 

BUFFER 
AMP 'r 

K. X 1,000 

IN313 

100 

4.7K 

10 

0? 27 F 

09 

+ 6 V 

ENCODER COMMUTATOR—Commutator, buf-

fer, and feedback circuits are given for 

elapsed-time encoder. After oscillator has 

triggered 24 elapsed-time counters during 

storage period, oscillator is switched to elec-

tronic commutator controlling diode matrix 

switch. Counter data is then read out serially 

through matrix and fed to crt for photo-

graphing.—R. J. Kelso and J. C. Grace, En-

coder Measures Random Event Time Intervals, 

Electronics, 32:12, p 48-51. 

-= SHAPER SHAPER 

10K 

47K 470 

IN 
AMP 

SYNC 
GEN 

TURNOFF FROM 
COMMUTATOR 
FEEDBACK BUFFER) 

470 47K 

COMMUTATOR GATE CONTROL 

ENCODER OSCILLATOR—Used to trigger 24 

elapsed-time counters until end of storage 

period, for storing and reading out elapsed 

time between consecutive but randomly oc-

curring events. Gates are designed to main-

COUNTER I 

OPERATE 

o 
TEST 

ALL TRANSISTORS 
ARE 2N128.$ 

K. % 1,000 

BUFFER COUNTER GATE 

7V 
COUNTER 

TRIGGER 

GATE 
6.8K 
1000pF RESET 

3O-,SEC MULTIYIBRATOR COUNTER GATE 
CONTROL 

TURNOFF 

AB 
SECOND 
OSC 

SHAPER 

COMMUTATOR 
GATE 

7V 

47K 

I8K 

tain amplitude of trigger pulse above half 

the supply voltage over wide temperature 

range.—R. J. Kelso and J. C. Groce, Encoder 

Measures Random Event Time Intervals, 

Electronics, 32:12, p 48-51. 



790 SOURCEBOOK OF ELECTRONIC CIRCUITS 

CLUTCH COIL FOR TIMER MOTOR—S art-and-

stop signals are applied to stop jack, for 

automatic timing. Manual-timing pushbutton 

applies 0-v signal to stop jack, to make QI 

conduct. Fast switching time of transistor 

permits reading time to within 0.005 milli-

sec.— F. W. Mear, Electromechanical Timer for 

Lab Applications, Electronics, 36:7, p 78-79. 

TIMER I 

RESET 

 Cf 
RESET 

40V D-C 

GND 

TIME 
STOP 

POS 

DUAL - POLARITY START - STOP CONTROL— 

Switches connect relay coils either to positive 

bus or to ground, so timer can be controlled 

by either positive or negative pulses. Addi-

tional transistor, used in place of relay, pro-

vides stop switching. Q3 forms clamping cir-

cuit for use where stop pulse duration is too 

short.— F. W. Kear, Tests Show Control is 

Key to Timer Accuracy, Electronics, 33:27, 

p 62. 

PUSH TO 
RESET 

+12 

R4 
4.7K 

II 

R5 
10K 

INTERVAL TIMER— Interval is determined by 

C, which can be paralleled capacitors to in-

crease range.— N. C. Hekimian, PNP-NPN 

CIRCUITS: New Look at a Familiar Connec-

tion, Electronics, 35:47, p 42-46. 

MEG 

TEST 
WATCH 
MIKE 

D 

2.2 MEG 

MASTER 
WATCH 
MIKE 

D 

2.2 MEG 

PRE AMPL 
22K 

0.22 

E F86 

+300V 

0.22 
MEG 

EF86 1,000 
Alt F 

0.1 

+300V 

0.47 
MEG 

TEST 

0.47 MEG 

SYNC 

AMPL 

2K 

-20V 

01,0?0304 z 2N2784 

CURRENT-MODE SWITCH—With 1,000-Mc time 

base applied to base of 02, two current-

mode switches together serve to give ac-

curacy of 0.5 nsec in measurement of time 

intervals with quinary scaler.— R. Englemann, 

Quinary Scalers: Measure Time Intervals Dig-

itally, Electronics, 37:5, p 34-36. 

I MEG 

1,000 1P00 
Aga 47K 47K F 

Gl SPEAKER 

+300V 

6SN7 

0.1 1 MEG 

+300V 

FREQUENCY 
1MEG 

PRE AMPL AMPL 

WATCH TIMER—Simple time base, with high 

linearity, is achieved by two-stage d-c ampli-

fier hcving unity gain, back-coupled to R-C 

integrator. Time-base reference, synchronized 

2 MEG 
100 
F 

1,000 
14,U F 

1 MEG 

68K 

TIME BASE 

LU 

2 
a> 

+300V 

2.2 
MEG 

TO 
CRT , 

TO 
CRT 

Y, 
Y2 

+300V 

ASTIG-
MATISM 
1 MEG 

+300V 

TO 
CRT 
Xi 
X, 

6SN7 

100K 

LINEARITY 

105V 

with master clock, can check accuracy of any 

timing device.— S. T. Kiewied, Watch Timer 

with Precise Time Base, Electronics, 31:51, 

p 84-85. 
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ENTRY 

S -12Vk 

TART 62 
R5 

-12V 
OV 111 

MS 
-12V 

OV 
-12V—ri-

--.-{36k-- 2 

-7V 

STOP 
ENTRY 

DIODE 
MATRIX 

2M28 

4.7K 

MS 
-12V 

+12V 

R2 
357K 

R6 
3K 

ri- 470.F 
I-12V 

R4 
200 

+12V 

+12V - 12V 

R3 

2NI613 

1N4828 

03 

PI -12V 
22K 

13-SEC TIMER-Two silicon transistors start 

timing action when 10-millisec start pulse 

closes reed relay Ki, making output transis-

tor 01 conductive for 13 sec. Timing period 

can be shortened by applying 36-millisec 

pulse to K2.-H. W. Hines and L. C. Radek, 

Electronic Timer Provides Long Delay, Elec-

tronics, 37:17, p 63. 

200µµF 
1,000 
HMF 

OUTER 
BUFFER AMPLIFIER 

SHAPER-
AMPLIFIER 

10 
I 00µH µµF 

1/2 5670 

.5K 

CLIPPING 
LEVEL 

100 
• µF 8 

CLIPPER 

ENCODER OUTPUT-Output circuits are given 

for encoder used in storing and reading 

out elapsed time between consecutive ran-

1/2 5670 

R7 
1.1K 

OUT 

°2 
2N396 

10011 

SHAPER-
AMPLIFIER 

+150V 

1/2 I2AT7 
47 

__I µµF 

10011 

+24 -28V 

1/2 5670 

Z1N486 

TRIGGER AMP 

15K I  

S PER 
AMPLIFIER 

22,upF 
El INPUTS ea. 

FCCOR IATER 
22µmF 2 

/212AT7 
FEEDBACK 

AMP 

COUNTER 
LIMIT 

TRIGGER 

CATH FOLL 

1OppF 10FµF 

COUNTER 24 BUFFER 

J680 

RESET BLOCKING OSC 

ENCODER COUNTER-Counter, limit trigger, 

and blocking oscillator are given for encoder 

used for storing and reading out elapsed 

time between consecutive randomly occurring 

events. First 23 counters are identical.-R. 

.1. Kelso and J. C. Greco, Encoder Measures 

Random Event Time Intervals, Electronics, 

32:12, p 48-51. 

INTERVALOMETER-Operates at end of pre-

determined period to produce second pre-

determined time period in range of 5 to 10 

sec. Developed for medical electronic re-

search. Standby current is only 5 ma.-E. L. 

Dewig, Inexpensive UJT-SCR Intervalometer, 

EEE, 14:7, p 104. 

CLIPPING 
LEVEL 47K 

IqF 

TWIDEH ADJ 

domly occurring events. Cathode follower 

stage provides low output impedance to give 

desired output waveform on crt for showing 

2.711 226 
0.05 
µµF 

1/26607 1/2 6087 

560 

7V 

4.71( 

BUFFER 

1.811 

ALL 
TRANS-
ISTORS 

ARE 2N128.5 

K. X 1,000 

ENCODED 
ELAPSED 
TIME 

1/2 5670 
33K 3.96 

27K 

CATHODE 
CATHODE COUPLED CLIPPER FOLLOWER 

encoded elapsed time.-R. J. Kelso and J. C. 

Grace, Encoder Measures Random Event Time 

Intervals, Electronics, 32:12, p 48-51. 
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CHAPTER 93 

Transceiver Circuits 

HIGH -PASS 
FILTER 

6BA6 

13+ 

* INCLUDES STRAY CAPACITANCE 

BALANCED MIXER 

0.00129468 a2 

4.7K 
--

IR 

4tek " 0' 470 
5 

 114 
470e 0001 S-32 - GI-. 

OA-
4.0 

53- MC 
BANDPASS 

FILTER 

2ND MIXER 

/P-1.  I 5 I  

470 470 

29499 

CB FILTER- Electromechanical filter with 6-kc 

bandwidth at 455 kc gives 8 db signal-to-

noise improvement- Filtering the Chatter on 

Citizens' Band, Electronics, 38:5, p 81. 

20 

0.0033 

T -  /0.8 -8.5 
To.0033  

.0033 
00033 47 

1ST Et 2ND I- F AMPL 

0.0047 241499 T 3401 

.m9  

0.01 . 0431 

HARM GEN 

1,500,9,9F 

130,41wF I 11C Cy C4 
 9-101-- D, 22 Dy 270 
01 24099 HD6558WWF HD655111 WWF 

C2 62,9,0 

1.2 -9- Z D2 .... 4106 

1-4.41/F .% .,,, sse 1 L, 6.BK 
FI2 

0.0, . 510 

0.01 -[."--'' R  

4--• 

0.01 

LOW-PASS 
FILTER 

CRYSTAL SWITCH IA 20001 
CR55/14 r   

47.75 MC --11:11-1 1--1[11- 4685 MC 
47.65 MC 41-104-° 01-•46 95 MC 

4755 MC1/--101-b >101-A470S MC 

4745 MCA-10. 11?- 45 7,5 MC 

4135 MC  '72t47,' 0I-.4025 MC 

C,2 160AuF O MEE RP OSC 

Ls 2.7K 

391 68 

0.01 

 o 0.0 

5.6 MC 
-10 
O s, 

2N499 REF OSC 

42 7K 

3 

IRK 

- 0.01 - 00, 

62r.wF 

5,0 

Ry 
C6 62»/F 47 

3R0 I- F AMPL B LIMITER 

5.625-AC 
BAND PA SS 
FILTER 

5 625-MC 
BANOPASS 
FILTER 

73601 29499 

2.21 

180 

HUNT DISC 

32E05 

330 

EINE R 

0.01 
6.81 

001 

ERROR SIX /1 

DELAY BUS PHASE DISC 

0.2 '3 03 29499 

471 564 470 

HE16558 
• 1 

14,1 6 
-27  /,8 1--0.001 120K 

/ 5 I IE304 117 r.-2.,3¡8 e 00K T OW 02 "I 

1-1065 58 

56 

560K Flu 5, 
-220 
AI,41F 

_ Pie 4 IK -t 0.01 

&24( T O Oi m o,o, (loot 

C5  

IlHeà,e<39 
14 

1106558 DIODES 

e 21 1 21 

-C6 
0.01 

IC MH 

K X 1,000 

920-CHANNEL CRYSTAL REFERENCE-Con-

trolled-frequency mobile radio transceiver, 

operating in two bands, uses improved band-

pass filter techniques that double number of 

0.01 
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114 inc ( AM) 

DIPOLE ANTENNA 

7rnc ( FM) 

* GE BACK DIODE 

81 1,000 cps 

39p1 
--c5Onh 
H4rnc BD7 

LZIOnh 
7mc 

22 12 10K 

80 2— 
pFI 1 

0.05 

C• 4700 

5 0.02 33K 
2401 T SWITCHES 

SHOWN IN 
RECEIVE POSITION 

NOISE-ACTUATED AVC—Emitter current of 

2N43A controlled low-level audio amplifier 

stage 03 is regulated indirectly by sound 

pressure level of ambient noise. With no 

noise, gain of controlled amplifier is prevented 

from going to zero by applying quiescent 

conduction bias through R1 to gain- control 

stage 02.—D. C. Gibson, Helmet Transceiver 
Fliuhe rnmmunirntinn•, FlPrtrnnirs. 

33:39, p 56-60. 

f\I 
7m c1FM1 

R3.67 

82.330 

RI• 33 1.4V 

TUNNEL-DIODE TRANSCEIVER— Is tuned for 

114-Mc a-m signal and 7-Mc f-m output sig-

nal. 1N3714 tunnel diode acts as 7-Mc r-f 

oscillator and frequency modulator, while 

BD-7 back diode is 114-Mc detector.—"Tran-

sistor Manual," Seventh Edition, General 

t lectric Co., 1964, p .361. 

270 

AUDIO IN + — 
FROM REC--I 

SQUELCH GATE 2 2 

NOISE AVC 
ADJUST 

R4.41. 
5K al 

—o 

2N43A 

33E 

NOISE 
AMP 

10K 

mT 
Z12 

NO SE 
VOLTAGE 
RECTIFIER 

45i 

9 V 

THREE-TRANSISTOR CB TRANSCEIVER—Has 

30-mw r-f output and range of several thou-

sand feet. Detector uses 40-kc quench. Draws 

15 ma for receive and 30 ma for transmit. 

Loudspeaker serves as microphone for trans-

mitting.— L. Solomon, Citizens Band Equip-

ment Design, Electronics, 33:45, p 70-72. 

GAIN CONTROLLED 
AMPL 

7 12 — 

+25V 

100K 

(O 

POWER AMPL 

2N43A 

12 

04 
2N43A 

IC , X 1000 

190 
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220 k‘MF 
470 

0.002 o 

CLASS-B CB TRANSCEIVER—On transmit, VI 

is self-excited power oscillator, V3 is a-m 

modulator, and V2 is speech amplifier. On 

receive, VI is superregenerative r-f amplifier, 

V3 is audio power amplifier, and V2 is first 

audio stage.— L. G. Sands, Citizens Radio Re-

vision Spurs Equipment Design, Electronics, 

32:15, p 55-57. 

CB SQUELCH—Actuated by d-c limiter voltage 
and a-c noise voltage. With no signal, out-

put of noise amplifier VI is converted into 

positive voltage by noise rectifier of V2 and 
applied to grid of squelch control tube V3, 

making it conduct and drive grid of V4 more 

negative, to squelch noise.—L. G. Sands, Cit-

izens Radio Revision Spurs Equipment Design, 

Electronics, 32:15, p 55-57. 

CB WITHOUT SEND-RECEIVE RELAY—With 

switch in transmit position, carbon mike gets 

some of r-f amplifier current, and audio sig-

nals in last audio stage Heising-modulate 

transmitter. During reception, receiver local 

oscillator gets plate voltage, loudspeaker is 

connected, and cathodes of transmitter cry-

stal oscillator and r-f amplifier are made 

positive to cut them off.— L. Solomon, Citizens 

Band Equipment Design, Electronics, 33:45, 

p 70-72. 

— D-C LIMITER VOLTAGE 
A-C NOISE VOLTAGE FROM PHASE DEI 

I MEG 8+ VOLUME CONTROL 
R PYr47K 

470 
TAF 

AUDIO FROM PHASE DEI 
0.002 1/2 I2AX7 

CLASS-C CB TRANSMITTER—Control signal 

may be tone-modulated a-m, with different 

tones to control several functions on one fre-

quency.—L. G. Sands, Citizens Radio Revision 

Spurs Equipment Design, Electronics, 32:15, 

p 55-57. 

 IF TO AUDIO AWL 0.005 

8+ 

150K 

K.X 1,000 
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0.005 

MEG 

2,700 470K 

0.)(,000 
• 

25 
3.3 
MEG 

:MEG. 

RELEASE 

CB DECODER—Responds to telephone-dial 

digital tone pulses from receiver. Rejects 

noise pulses and functions even when noise 

is stronger than desired single-tone signal. 

Used in mobile dial telephones.— L. G. Sands, 

Citizens Radio Revision Spurs Equipment De-

sign, Electronics, 32:15, p 55-57. 

40080 

27 M 
CRYSTAL 

LI,L2 : 0.75-1.2pH L3. 0.5 — 0.9pH 

CB—Three overlay transistors provide 5 w 

for 27-Mc citizens-band a-m transmitter.— D. J. 

3,01 T  

40081 

+11 TO 15 V 

L4: 0 21— 0.34pH 

Donahue and B. A. Jacoby, Putting the Over-

lay to Work at High Frequencies, Electronics, 

47 p F 

15µH 
REC I 
MILLER 
4624 

NOISE SQUELCH—When negative-going signal 

is received from detector, control grid of 

squelch tube V2 goes negative until positive 

bias set by squelch control RI is overcome. 

Used in Vocaline CB transceiver.— L. Solomon, 

Citizens Band Equipment Design, Electronics, 

33:45, p 70-72. 

001 

TO MODULATOR TRANSFORMER 

38:17, p 78-81. 
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Transmitter Circuits 

Ci Li 40280 

Fin 
125mVI 

1C2 

Inductor 
L4, L7 

LIO 
L12, L13, L14 
Lie, L16, L20 
L15, LI6, L17 

40281 
C5 L4 C9 L7 

V cc 
Turns Wire 

size 

3 16 
1 16 
2 16 
5 16 
2 16 
2 18 
2 16 

L2, L5, L.,: ferrite choke, 450 ohms 
L,, L6, L9, L, 1: 0.1 microhenry 

40282 
C13 LIO 

V cc 

Inside Length 
dia. 
(inch) (inch) 
3/16 1/4 
1/4 3/8 
1/4 5/16 
1/4 1/2 
1/4 1/4 
1/8 1/8 
3/16 1/4 

CC 

175-MC F-M MOBILE AMPLIFIER—Overlay tran-

sistors operating directly from 13.5-v auto 

battery give 12 w from three stages and 

35 w when output stage is added. Overall 

d-c to r-f efficiency of transmitter is about 

60%.—D. J. Donahue and B. A. Jacoby, Put-

ting the Overlay to Work at High Frequencies, 

Electronics, 38:17, p 78-81. 

Pout 
12V/ 

STANDARD PARALLEL-TRANSISTOR OUTPUT 

DOUBLER—Input is tuned to 80 Mc and out-

put to 160 Mc. Parallel tuned circuit with 

built-in trap is required in output circuit to 

suppress 80-Mc fundamental. Conversion 

power gain is 6 db. Maximum power is 650 

mw.—W. A. Rheinfelder, Choosing the Best 
Transmitter Output Stage, EU, 11:10, p 

48-53. 

Lis 

Capacitors 
CI: 3-35 pF 
C2, C6, C, 6, C, 7, C, 8, CI6, C27. 8-60 pF 
C3, C7, CI ceramic disk, 0.1 e4F 
C4, Ce, C1 2, C24, C23, C25. feed-through, 1500 pF 
C5, C6, C1 0, C13, C14, C26. 7-100 pF 
C15. 1.5-20 pF 
C20, C22, 
C21. ceramic disk, 0.2 ALF 

796 



TRANSMITTER CIRCUITS 797 

1 W AT 170 MC—Single 1.52 feeds 1 w to 

50-ohm antenna through pi-L network. Power 

gain is 4 db and efficiency is 30% for class C 

operation.—Texas Instruments Inc., "Solid-

State Communications," McGraw-Hill, N.Y., 

1966, p 323. 

L52110-51 

24-200 

RFC 680 

Delevon 

Transistors mounted, in stud 
heat sink package, to common 
extruded- fin heat sink, 3" X 3 I/2" 

100 pf 
L52(10-5) 

B+ 
25V 

L3 L4 

1000pf 0 15ph 0 Ilph 

L1 RFC L2 3-30 pf 

0.018ph ph 0.06ph 
nl 

1000 pf ,—, 1000pf 

Po. 1 watt power gain= 4 db average 

Vcc' 25v 

Ic=125ma 

15D 

8+ 
25V L1=2 3/4 T No 16 Buss, 0.4" dim, 0.3" long, L. 067ph 

L2.5 T No.16 Buss, 0.4" dim, 0.4" long , L=.I4 ph 

L3=5 T No Soldereze, 0.5" diam, 0.4" long, L= 22ph 

L4=6 T No. Soldereze,0.5" diam, 0.5" long, L=.34 ph 

/77 

3-30 pf 

Li=1 T Nal4 Buss, 0.5" diom 

L2 = 3 T No 14 Buss, 0.4" diam, 0.3" long 

L3= 5 T No 14 Buss, 0.4" diam, 0.5" long 
L4=4 T No.14 Buss, 0.4" dim, 0.4" long 

NEUTRALIZED EMITTER BOOSTS H-F GAIN— 

R2 New operating mode increases h-f gain more 
50 than 20 db, reduces interstage matching 

problems, improves selectivity and stability, 

and cuts cost. Based on neutralizing of 

emitter-circuit inductances with small varia-

ble capacitor from emitter to ground and r-f 

choke to provide d-c path from emitter to 

ground. Technique works best above 100 Mc. 

—Extend Transistor Frequency, Electronics, 

34:44, p 25. 

L4 

Power out = 10w 
Power gain.10db 

DC Power in. 600mo at 25 v=15 w 

10 W AT 50 MC—Two L52's in parallel pro- circuits to balance operating currents. Input ments Inc., "Solid-State Communications," 

vide 10 w output power with 10 db gain, and output impedances are both 50 ohms, McGraw-Hill, N.Y., 1966, p 323. 

Separate biasing resistors are used in base and overall efficiency is 65%.—Texas Instru-
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AUDIO AMPLIFIER 

PARALLEL-TRANSISTOR OUTPUT STAGE WITH 

EMITTER TUNING—Variable capacitor common 

to both emitters, together with r-f choke for 

d-c path, provides efficient tuning and in-

creased power gain at outputs near maximum 

of 2 w. Chief drawback is reduced power 

gain at low input levels.—W. A. Rheinfelder, 

Choosing the Best Transmitter Output Stage, 

EEE, 11:10, p 48-53. 

MIC 

10K 

I/35V 

82K IlK 

BALANCED MODULATOR _ _ _ _ _ 
MECHANICAL 

FILTER 

0.0015 ==.. 

I/35V 

12 K 

I/35V 
+ 

/I 

3.522 MC OSCILLATOR 

L _ _ 

453KC OSCILLATOR 

02 

2.2K 0.01 
.-101  
Y' 

5.6K 3.36 

2K _r 0.0015 82µH 

29.675MC AMPLIFIER 

T 0.01 

0.005 L 

1 0.005 

w.  
160 

Jr . 0 5 
0.005+ 

29.675MC AMPLIFIER 

4.7K 

5.IK 

r--

IN759 

121 

3 

I.3K 1l Y2 

2.7K 

I2pF 

8.2K 270 TpF 

2.7K 

.5µH 

29.675MC AMPLIFIER 

Ito  

rA   
 11 I  3o_L 

PF  I 0.005 L 

0.005 

680 

750 

--r 

0 114759 

3K 

0.005 

I3K 

T0.01 
_J 

IN759 

1.8 K 

(21 
0.01 

® OUTPUT 
- 50A 

0.005 

0.005T o + 
28V 

M1C - SHURE MC- 11 

T1 - STANCOR TA- 34 

01,2,3.6.7,8.9. 10,11.12,-2NT43, 7)485, 2N851 

04.5 2N929, 11474 , 2N2387 

MECHANICAL FILTER-COLLINS F455T3I 

K 1,000 
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670 KC 
CRYSTAL '= 2N170 

150K 

.001 L3 

ANTENNA 

.003 001 
T. 

6V _ 
LI,L3- 40-300µhy FERRITE CORE 

ANTENNA (ave MILLER TYPE 2002) 
L2 - 8 TURNS * 22 WIRE WRAPPED AROUND BOTTOM LI 

1ST MIXER 

73 5pF 74 9pF 

 ()60 !..1.i3s,t1 11139 
1— * T PF I I 

pF 
L _ J 

JH 

0.01 e620 L 

OSCILLATOR 

09 

620 I= Y3 

13.3K 

_ _ _ _ _ 

25.700MC 

2 _30 pF 

12pF 

6.2 

IN759 

II. 25H 
180 

— 121 

  T 0.0051 

3.975MC AMPLIFIER 

)1 2pF T6 )I5pF 15 

  r 7 011 
I 1L1J L I ;› 139 t 10 

150pF " P:  T I I L  PF TI l _J 
0.01= 3K 

0.01 - 0.01T 

160 10K 

Ye. 
I3K 

CRYSTAL COMPLEMENT 

SIDEBAR° r, Y2 Y3 

UPPER 453KC 3.522MC 25.700MC 

LOWER 457KC 3.518MC 25.700MC 

SSB EXCITER—Silicon transistors reduce noise 

and increase reliability of single-sideband 

exciters. Circuit shown, for 10-meter band, 

gives choice of upper or lower sideband.— 

D. L. Wilcox, Single-Sideband Exciter uses 

Planar Silicon Transistors, Electronics, 35:32, 

p 65-67. 

AUDIO INPUT 
IV RMS FOR 100% MOD. 

CHASSIS 
 0 GROUND 

{ LI 57T B 8111 NO. 3016 
L2 35T MINI - DUCTOR COILS 

1" DIA 32T/INCH 

CI 5-I5pf BANDSPREAD VARIABLE 

C2 5-55pf BANDSET VARIABLE 
C3 6-80pf FINAL TUNING VARIABLE 

LOW-POWER BROADCAST-BAND TRANSMIT-

TER—Crystal-controlled 670-kc oscillator and 

single-transistor amplifier stage provide 400 
microwatts a-m for antenna.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 386. 

LOW-POWER VFO C-W 80-METER TRANSMIT-

TER—Power output is 100 mw in amateur 
band.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 386. 

9-KC OSCILLATOR STABILIZER—Insures 24 w 

output over temperature range of —20 to 

+120°F. Zener diode voltage-regulating cir-

cuit prevents changes in collector supply volt-

age of oscillator Ql. Base-driven modulator 

Q2 may be fed from tape repeater preamp, 

LOOP ANTENNA-..,. 

TO SUIT 
ANTENNA 

microphone, or master control center serving 

induction radio system using roadside tele-

phone-line loops.— E. A. Hanysz, J. E. Stevens, 

and A. Meduvsky, Communication System for 

Highway Traffic Control, Electronics, 33:42, p 

81-83. 
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0.01 
COMO P 301( OHMS 

460-KC F-M WIRELESS MICROPHONE—Radi-

ates about 0.2 micromicrowatt directly from 

tank circuit to establish induction field within 

usable area of auditorium stage without ex-

ceeding FCC radiation field limitation. Nor-

mal speaking voice produces peak f-m devia-

tion of about 10 kc.—G. F. Montgomery, 

Wireless Microphone Uses F-M Modulation, 

Electronics, 31:1, p 54-55. 

O 

+ 12 5V 

o  

/4@ 

"e100MC/S 
25" E . I25MV. TO GRN-\  

IN3716 (TD- 3) 

L2 

4.5-250 

 e  

1C2 

_e' 
 o 

R4 

R5 C5 

 • 
-e. 

[AI
SPEAKER OR MICROPHONE 

LI 2 TURNS * I6 COPPER 3/820 SPACED 1/8" FROM GROUND ENO OF L2 ( ADJUST FOR BEST STABILITY) 

L2 6 TURNS*I6 COPPER 3/810 CLOSE- WOUND AND CONNECTED DIRECTLY TO CO. TAPPED I TURN 

FROM GROUND. 
CI 4.5- 25ppfd CERAMIC TRIMMER 
CO 1.5-5ppfd VARIABLE 

C3 800p.pfd ( VOLTAGE NOT IMPORTANT- SELECT FOR SMALL SIZE ) 

C4 50p.fd 6VDC ELECTROLYTIC ( VOLTAGE NOT IMPORTANT- SELECT FOR SMALL SIZE) 

C5 1pfd 35 VOC ( VOLTAGE NOT IMPORTANT- SELECT FOR SMALL SIZE ) 

RI 180 1/2 Vl 5% 

R2 1500 1/2W 5% 

Ri 4700 1/4W 

R4 10K11 I/4W 
R5 10K8 I/4W 
Ebb MALLORY RM-12R MERCURY CELL 1.34VOC-3600 MAH 
Sw1 NORMALLY OPEN SPST "PUSH- TO- TALK " SWITCH 
SPKR 2" PM SPEAKER 
1N3716 (TD-3) 4.7MA AXIAL TUNNEL DIODE 

F-M WIRELESS MICROPHONE—Transmitter has Transistor stage frequency-modulates tunnel-

range of 200 yards when used with sensitive diode oscillator.—"Transistor Manual," Sev-
commercial receiver covering 96-110 Mc. enth Edition, General Electric Co., 1964, p 357. 

1.5-20pf 

ARCO e 402 

I, 4°Pf (OR EQUIVALENT) 

)te 

6 8ph 

+ 12 5V 

TO 001,uf To o f 

XTAL 55 75mc 

C, = ARCO # 465 (OR EQUIVALENT) 453800 

2N743 

6 8ph 

; HARMONIC SUPPRESSION 35db 

I 0.017ph 3000 

.05 

c3, ph 

eN, 

3 3ph 

 O + 12.5V 

T 300pf 

C, = ARCO # 463 ( OR EQUIVALENT) 9 IWO 

C2 = ARCO # 463 (OR EQUIVALENT) 9 1800 
C, = ARCO # 465 ( OR (QUIVALENT)45-3800 

HARMONIC SUPPRESSION 35db 

3.3ph 

1000pf 

2N743 L-1 

I r‘  

_ 

All VARIABLE CAPACITORS 

ARE ARCO # 463 ( OR EQUIVALENT) 9.1800 

L1- 0 030 1,4 TURN 4" DIAMETER COPPER 
STRIP 14- WIDE in,- THICK 

L2 - ½ TURN 4" DIAMETER COPPER 
STRIP 44" WIDE Vir- THICK 

+ I2.5V 

82uh 

68pf 

L-2 

223-MC TELEMETRY TRANSMITTER—Crystal-

controlled Colpitts delivers 10 mw to first 

doubler. Second doubler has trap to eliminate 

1000pf 

fr--) 

2N7431 L-1 

0.82ph 

ALL VARIABLE CAPACITORS 

ARE ARCO st 463 ( OR EQUIVALENT) 9-180pf 

11.5-Mc fundamental. Power output to final 

is about 45 mw at 223 Mc. Class C final 
delivers 100 mw to 50-ohm load.—Texas In-

+ 12.5V 

0.82ph 

68pf 

50 -G 

LOAD 

80 mw 

223 

-0 030 

TURN DIAMETER COPPER 

STRIP V' WIDE V3z" THICK 

struments Inc., "Solid-State Communications," 

McGraw-Hill, N.Y., 1966, p 326. 
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PAGING TRANSMITTER—Feeds single-wire 

loop surrounding area to be covered. Multi-

vibrator VI-V2 produces carrier frequencies 

in range from 15 to 30 kc, keyed on and 

off at various repetition rates in range from 

1/50th to 1/200th second, for selective paging 

of up to 45 different receivers.—J. G. De-

Graaf, Selective Paging System Uses Coded 

Transmission, Electronics, 33:9, p 68-70. 

0.01 

AUDIO INPUT 

MEG 

K • 11,000 

1 / 2 
12AX7 

VEO INPUT 

47K 

250K 

4706 

0.011 0.001 0.00 

1/2 12Ax7 

22oK 2 ieoo 

IZO 
stiF 

6V6 

220:> 220 
»K .4> K 

+500v 

 i(  
0.0, 

6.8 
MEG 

0.005 

5K 

0.01 

220e  
_L 

RFC 

0.005 

39K 

0.005 - 0.0047 

MEG 390K 

ECC62/12AU7 

1" 390K 

VOICE-OPERATED CONTROL WITH DAMPING 

—Relays provide timed sequential switching 

of pentode load to LC-filtered power supply 

when operator speaks into microphone, 

thereby preventing overshoot.—E. L. Harris 

and O. J. M. Smith, Novel Circuit Damps 

Transients in Voice-operated Transmitters, 

Electronics, 35:39, p 66-67 

BIAS 

IN458 .5 

TO 
PHASE — SHIFT 

KEvER 

+500v 

50 RFC 

 •  

15K 
613K 

--- 6111 

6.2 

j. 
9Gv 

TO 
ANT. 

CARRIER SUPPRE551M1-6uppre”ed-rnrrie vantages of exalted-cat jet detection in re- Technique, Electronics, 33:6, p 47-49. 

modulation improves efficiency of medium- ceiver.—J. Dysinger, W. Whyland, and R. 

power transmitter and provides noise ad- Wood, New Suppressed-Carrier Modulation 
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F-M WIRELESS MIKE—Oscillator-modulator us-

ing single tunnel diode produces 35-kc fre-

quency deviation per mv of modulating 

signal at 90 Mc. When fed by dynamic mike, 

range is up to 100 feet. If pre-emphasis is 

desired, diode 1N34A may be replaced by 

R1-C1 circuit shown in dotted lines, having 

time constant of 75 microsec.—W. Ko, Tunnel 

Diode F-M Wireless Microphone, Electronics, 

33:47, p 93-95. 

24V 

DC 

PULSE 
RATE 

MEASURING ANTENNA RADIATION PATTERN 

—Eight transmitters, towed as group around 

ground antenna by airplane, have frequen-

cies spaced throughout bandwidth of antenna 

under test, from 2 to 50 Mc. Pulse-controlled 

ring counter switches transmitters up to 40 

LI. 31 NO. 16 

L2.41 NO. 16 

L3.81 NO. 16 

L4.10T NO. 16 

Buss, 0.4 diom, 0.3" long, L.0.0850 

Buss, 0.4 dim, 0.4" long, L.0.12ph 

Soldereze, 0.5 diam, 0.5" long, L.0.5ph 

Soldereze , 0.4 diam, 0.6" long, L.034ph 

1 W AT 50 MC—Relatively high breakdown 

voltage of 152 transistor permits amplitude 

modulation. Overall efficiency is 65%. Com-

bination pi-L network matches common-

0.1µF 

 I( • 
0.1p F 

0.1,uF 

0.1»F 

I 

emitter class-C stage to 50-ohm antenna.— 

Texas Instruments Inc., "Solid-State Com-
munications," McGraw-Hill, N.Y., 1966, p 322. 

0.1pF 

+24V WHEN KEYED ON 

RING 
COUNTER 

--/NrY1rs--1  

—JYNIN/1_1 

times per second. All transistors are type 

2N3053.—C. Barnes, Transmitters Towed tern, Electronics, 38:21, p 96-101. 

DIPOLE 
ANTENNA 

TO OTHER 

TRANSMITTERS 

Through Air Test Antenna's Radiation Pat-
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2Y0 

47 50 
0.01 

47 1M 

T 

20 

TUNNEL-DIODE WIRELESS MIKE—Two cas-

caded 2-ma germanium tunnel diodes serving 

as cascade oscillator and 90-Mc f-m modula-

tor give range of over 100 feet. Coil L is 

about 5 microhenrys, with five turns a quar-

ter-inch in diameter and half an inch long. 

C is 24 pf.—W. Ko, Tunnel Diode F-M Wire-

less Microphone, Electronics, 33:47, p 93-95. 

Rj 

300-
400 

SHURE 
MC— 20 

2N499 ANT LAFAYETTE 
01 Nr F-343 

,,,--- í-i -15 
s 0 8 ¡2 

0.0011 
R 

55 3 
1,500 

12,000 

I5V 

MINIATURE F-M TRANSMITTER—Single 2N499 

transistor performs functions of r-f oscillator, 

frequency modulator, and audio amplifier for 
tiny portable transmitter having range of 200 

feet. Suitable for use with public-address 

system.—D. E. Thomas and J. M. Klein, How 

to Construct a Miniature F-M Transmitter, 

Electronics, 32:31, p 80-81. 

Lj — 66nh. 6 Turns • IS Tinned Wire. 3/32" 1.0. L 

12 — 22nh. 2 Turns • IS Tinned Wire. 3/32" lO. I/C L 

13 — 75nh. 4 Turns • 14 Tinned Woe, I/C 1.0.3/s- L 

1.4 — 115n11, 3 Turns • IS Tinned Woe. 3/5 lO.3/r L 
All Capiala yahoos in pcolek0S. 

160-MC 15-W POWER AMPLIFIER—Simple 62%, on 28-v supply.—Solid-State Power Amp-

three-stage r-f power transistor circuit pro- lifier Design (Motorola ad), Electronics, 39:14, 

vides 30.5 db power gain with efficiency of p 48-49. 

7-45 

PUSH-PULL OUTPUT WITH LATTICE FILTERS— 

Preferred for frequencies above 30 Mc be-

cause lattice arrangement without transfor-

mers is much easier to construct and align 

I.8K 
6.3mA 

500 40 

than standard push-pull circuit.—W. A. Rhein-

felder, Choosing the Best Transmitter Out-

put Stage, FEE, 11:10, p 48-33. 

ANTENNA 

0.0051  

1,400 cps for pulse at B, and 800-cps check and J. Czekajewski, Infrared Curtain System 

27-MC REMOTE-EVENT TRANSMITTER—Gives pulses every 2 sec, for transmitting bird Detects and Counts Moving Objects, Elec-

400-cps modulation for pulse at input A, flight data to remote recorder.—P. A. Tove tronics, 34:31, p 40-43. 
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MO MIXER 

K•x 1,000 
OSC 

I 11Cp_l 220 
2 ,F 

,F 
'30 

_I IC 

LOW-POWER PARALLEL-TRANSISTOR OUTPUT 

- Conventional transistor arrangement pro-

vides up to 2 w output with power gain of 

10 db. Chief advantage is simplicity.-W. A. 

Rheinfelder, Choosing the Best Transmitter 

Output Stage, EEE, 11:10, p 48 - 53. 

LOW-POWER PUSH-PULL OUTPUT - Efficiency 

is higher than with normal parallel output 

stage, yet overall efficiency is only 48% for 

1.9-w output because emitter tuning is not 

effective and power gain is accordingly re-

duced. - W. A. Rheinfelder, Choosing the Best 

Transmitter Output State, EEE, 11:10, p 

48 - 53. 

PUSH-PUSH OUTPUT DOUBLER- Input is con-

ventional push-pull configuration providing 

out- of-phase signals for both transistors, but 

for output circuit both transistors operate in 

parallel into standard pi network. This can-

cels fundamental and odd-order harmonics, 

leaving only second harmonic predominating 

in output circuit. Transistors can be 2N1692. 

-W. A. Rheinfelder, Choosing the Best Trans-

mitter Output Stage, EEE, 11:10, p 48- 53. 

2 NO I-F MARL 3RD I-F AMPL 

1ST F AMPL   
(Lif2 

5   5840 04 68K .11; 

¡froK 
475 lOI 

---,- 005 

•1001.1  

100K 

680K ; 
005 3. 

1K 

'MEG 

3 - 

3.3K 
Va. 

6111 

e 50- KC  

- BLOCKING OSC 

601C 

CONTROL TUBE  
TO R F UNIT 

390K 

5840 
470 

HUNTING 
OSC 

200 

7 814H 4 41,IN 6911H 5657,1R 5 151471 

56K 620 180 22 91 47 

ev MRF or00F veF 

510., 

47,F 24,F 113,F 8«, 

too »F Ti20,,F OF 

36 36 
F 

800,F 1161/H 
270K 

STEPPED FREQUENCY EXCITER - Provides cry-

stal- controlled output frequency in 100-kc 

steps at 1- sec intervals from 31.05 to 54.95 

Mc, with each step an odd multiple of 50 

kc. Used to control pulse transmitter and re-

ceiver at wide y separated locations, for ob-

servation of mutual propagation conditions 

between the two points. Frequency control 

of r-f oscillator is obtained by mixing sample 

r-f signal with 1-Mc reference and compar-

TO R F UNIT 

SELECTOR 

33K 39K 

22 49 

5, 

Mc 

MX 

6.819 

5619 

567-

ing components of product with 50-kc pulse 

spectrum supplied by pulse generator V6B.-

Frequency Stepper for Radio Propagation 

Tests, Electronics, 32:4, p 44- 46. 
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CRY 

2. 185 

Mc 

— 11 

2N3298 

18K 2K 

MM 1900 

200 RFC 3 

01,,F 

— 4700 

RFC 4 

2N2832 

v 

H1'6 _ 

.1 F 

L1 
"z. 1200 

MODULATOR 

51300 

 o 133 h 

R = 12.5o 

p. 3 900 

NOTES: 

1. All values of capacitance in pF. 

2. All resistance values in ohms, 
with 1/2 W, tolerance. 

2.185-MC MARINE-BAND TRANSMITTER— Current drain is only 1.5 amp from storage Solid- State Marine Band Transmitter," Moto-

Grounded-base Colpitts oscillator uses series- battery. No converter is required. Output is rola Application Note AN- 156, Feb. 1966. 

mode crystal with driver and output stage. 13-w rms carrier.— R. J. Brubaker, "An All-

4-30 pf 

>0I 

120 pf 

Rs = SOIl 
Pin = 25 mw 
I = 50 Mc 

PHASE-SHIFT KEYER—Used with double-side-

band suppressed- carrier modulation. Crystal-

controlled Colpitts oscillator drives transistor 

gate, which in turn feeds conventional tuned 

pentode r-f amplifier and tuned cathode fol-

lower.—J. Dysinger, W. Wyland, and R. 

Wood, New Suppressed-Carrier Modulation 

Technique, Electronics, 33:6, p 47-49. 

LI 

•  

L6 
5.6 oh 
RFC 

L9 
5.6 oh 
RFC 

AMPLIFIER AMPLIFIER DRIVER 
• 

LIS 
5.6 
RFC 

7.45 
MiJ 

TO NEGATivE Eti45 AND 
SECONDARY CENTER TAP 
OE ri 

K X 1.000 

L8 
5.6 uh 
RFC 

36 pf 

LI, L2 = 4 T, 416, 1/4 I. D. , 1/2 L, SLUG-TUNED TAPPED 1/2 T FROM GND..07 TO . 1 oh 
L3 = 4T, 016, 3/8 I. D., 5/8 L, SLUG-TUNED TAPPED 1/2 T FROM GND..12 TO . 15 uh 
L4= 4T, 014, 1/2 I. D. , 5/8 L, AIR WOUND TAPPED 1/2 T FROM GND..18 oh 
L5 = 4T, 1/8 COPPER TUBING, 3/4 I. D., 1" L, AIR WOUND, TAPPED 1/2 & 1 1/2 T FROM GND..27 oh 

LI I 
5.6 oh 
RFC 

26396 

OUTPUT TO 
TRANSMITTER 

1VFOI 

.01 s, 

L4 
Q4 

Q5 

OUTPUT 

QI = 2N2951 
Q2 = 2N2950 
Q3 = 2N2948 
Q1, Q5 = 2N2947 

• 

 0 • 25 V 

0-50 pf 

. 1 of 

47 

1500 pf 

RL SOD 
P. = 40 W 
I = 50 Mc 

RFC 1 = 16 T424 ENAMEL, 1/4 I. D. 

40 W AT 50 MC—Can be used with phase- Grounded emitter leads in driver Q3 and "A Solid-State Transmitter with 40 Watts 

modulated oscillator as drive source, or with power amplifier should be as short as pos- Output at 50 Milt .' Motorola Applituliun 

crystal oscillator for straight c-w operation. sible to prevent degeneration.— R. Brubaker, Note AN-172, Dec. 1965. 
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73.5-MC SELF-MODULATED CRYSTAL—Uses 

tunnel diode oscillator to modulate crystal.— 

"Transistor Manual," Seventh Edition, General 

Electric Co., 1964, p 357. 

STAGE 1 
33-36k 

AMPLIFIER 

I.3mh 

STAGE 2 
DOUBLER 

STAGE 3 
TRIPLER 

CI,C2,C6,. 8-600 

C3,G4 , C5 . 15-200 

All other oopocitor values in pf 

L1 ' 8T, 1/4" Form with core, top center 

L2:67,1/4" Form 

L3:2T,1/4" Form 

114371WD-3i 

STAGE 4 
DRIVER 

ANTENNA 
LOADING 

200pfd COIL 

STAGE 5 

FINAL 01 

(Ib— 01 

/77 

1.4:27,1/4" Form , top center 

L5:37,1/4" Form 

Qi Thru 06: SM2498 

+15v dc I5v 

>150 

NARROWBAND 162-180 MC TRANSMITTER— power amplifier using two SM2498 transis- Communications," McGraw-Hill, N.Y., 1966, 

First stage acts as buffer for oscillator, while tors in parallel delivers 300 mw to 50-ohm p 325. 

02 and 03 multiply frequency. Class-C load.—Texas Instruments Inc., "Solid-State 



CHAPTER 95 

Trigger Circuits 

VIN 

VREF 

A 

•— o CIRCUIT 
INSIDE 
DOTTED LINES 

OPERATIONAL TRIGGER—Combines some fea-

tures of operational amplifier with those of 

Schmitt trigger. Input diodes prevent ampli-

fier saturation.— P. Lefferts, Operational Trig-

ger For Precise Control, Electronics, 37:28, 

p 50-55. 

POSITIVE 
TRIGGER 
PULSE 

C3 

470 7.3K 0.047µF 

Of 

2N492 

R5 

47 

•  

02 
1N645 1N645 

141  

POSITIVE 
TRIGGER 
PULSE 

7.3K 

Q2 
2N492 

03 D4 

1N645 1N645 

---C1 
"'"""` 0.15p.,F 

:R 2 

470 

R7 ---C2 
680K ^ 0.15g 47 

8. 

R9 

100 

C4 
0.15/LF 

OUTPUT 

INPUT TURNS BOTH TRANSISTORS ON—Un-

like Schmitt trigger, both transistors stop con-

duction when input is removed.— L. L. Klein-

berg, Complementary Shaper Replaces Schmitt 

Trigger, Cectronics, 37:26, p 66. 

C FREQUENCY 
CONTROL 
VOLTAGE 

0— 

R12 

1K 

1E-
0 3 
2N525 

Re 

1.5K 

R11 
1K 

RIO 04 
2.7K 2N336 

R 13 
45K 

R 14 
6.8 K 

R15 

2.7K 

05 
10V 

C5 

DUAL-PULSE TRIGGER— Dual triggers supply 

alternating pulses for driving d-c to d-c volt-

age converter connected to A and B. Fre-

quency of triggering can be adjusted bout 

650 to 900 cps by varying base-to- base volt-

ages of unijunction transistors.—T. Wilson, 

+50 VOLTS 

+10 % 

06 
16V 

Volloye Conti- oil' Dual Puke SCR Trigger, 

Electronics, 37:28, p 62-63. 

807 
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+200V 

4JI00/25 

Dio 

C2 

R4 
250K 

PULSE RATE 

C3 C5 +200V Ce 
0.01 100pFk 012 0.1 

R6 1N661 

2.2K 

-C4 
-0.47 

:R5 R7 
47 27K: 

:10K 

RESISTOR TESTER—Operational trigger is 

tripped by bridge circuits when resistor under 

test is 0.11% high for switch position shown. 

Reversing switch gives same sensitivity for 

low resistors.— P. Lefferts, Operational Trig-

ger For Precise Control, Electronics, 37:28, 

p 50-55. 

-12V 

Rt 
15K OUTPUT 

TRIGGER 

PULSER FOR 250-KW MODULATOR—Trigger 

generator for scr modulator uses two-layer 

and four- layer diodes to provide pulse burst 

repetition rates up to 25 kc.—H. G. Heard, 

Controlled Rectifier Produces Quarter-Mega-

watt Pulse Power, Electronics, 34:25, p 

54-55. 

ACCEPTANCE 
LIMIT SET 

20V 

+ BIAS 
BAT T. 

100K 

100K 
HI 

+12V -1-6V 

GATE IN 

CHOPPER AND PHASE DETECTOR— Input gate 

signal operates Schmitt trigger VI, to give 

identical but oppositely phased signals for 

phase detector of instrument for measuring 

phase differences between two signals.— R. T. 

Stevens, Precision Phasemeter for CW or 

Pulsed UHF, Electronics, 33:10, p 54-57. 

LO 

TEST R 

STD R 

VOLTAGE-LEVEL TRIGGER—Output pulse ap-

pears when input is 6.0 y but not for inputs 

up to 7 volts above or below this level. Cir-

cuit then continues on until input drops be-

low 5.4 v.— R. F. Woody, Precise 6-Volt Input 

Triggers Circuit, Electronics, 38:14, p 80. 

151( 30 MC V2 
IN 6AS6 

30 MC 

3,900i0K 

470pF 602150 
04  
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-7.-

D-C TRIGGER DRIVES HIGH-C COAX-Emit-

ter-follower incorporated in Schmitt circuit 

provides signal shaping needed to drive high-

capacitance cable with good rise time and 

few components.-G. Klein, Schmitt Trigger 

Drives Low Impedance Loads, Electronics, 

36:33, p 28-29. 

-30V 

500K 

-30V Kr X 1,000 

PNPN ONE-SHOT-Provides up to 10 sec de-

lay. Circuit is normally on, with point A at 

11 y and B at • 1 v. Negative trigger ap-

plied to base of pnpn unit operates circuit.-

J. B. Hangstefer and L. H. Dixon, Jr., Trig-

gered Bistable Semiconductor Circuits, Elec-

tronics, 32:35, p 58-60. 

+30V 

Qt 
2N1132 820K 

82 

Q2 2 
2N697 1.5 MEG 

à 4  
MICROWATTS AT QUIESCENCE-Circuit has 

same characteristics as single unijunction 

transistor but dissipates only microwatts of 

power when off.- R. A. Wilson, Pnp Plus Npn 

tquals Unijunction Transistor, Electronics, 

38.5, p 94-95. 

EBB 

TRANSMISSION LINE 

E CC 

TRIGGER WITH TRANSMISSION- LINE FEED-

BACK-Feedback capacitor is replaced by 

open-circuited section of transmission line. 

Duration of output pulse taken across dynode 

10K 

+300 V— 

OV 

-15V — 

CHARGING Di 
CHOKE 

+150V   11,4561 

L, 
0.6h 

25ps 

(  

C 

0.68 uf 

4 V n  
-II- IN 

470 

ESG EDE 

I 5K 150 

0.01 

OUT 

load of secondary-emission pentode is ad-

justed by varying line length.- E. J. Martin, 

Jr., How to Use the Secondary-Emission Pen-

tode, Electronics, 33.41, p 60-63. 

60µ sec 

TIME 

PULSE 
TRANSFORMER 

t I us 

NOISE-IMMUNE SCR TRIGGER GENERATOR-

Modification of line-type radar modulator 

gives general-purpose triggering circuit that 

is immune from noise. Expensive pulse-form-

ing network of conventional scr trigger is 

replaced by capacitor. Sharply peaked out-

put pulses are ideal for triggering radar 

modulators for firing strobe flashtubes. Scr 

conducts for 10 microsec after triggering, and 

Cl is negative for next 15 microsec because 

+6V 

INPUT 
PULSE 

R3 

150 

ON 688 

+300V 
54 sec 
50 % 

OUT AMPLITUDE 

OV 

of ringing with Li, so false triggering can 

occur from low-level noise pulses for only 

last 5 microsec, by which time capacitor has 

charged enough to forward-bias scr so large 

triggering pulse is again required to turn it 

on. Circuit is ready for next trigger 60 micro-

sec after Cl is discharged. Maximum prr is 

12 kc.-J. E. Curry, No Pulse- Forming Net-

work in SCR Trigger Generator, Electronics, 

39.18, p 97-98. 

R2 
7.5 

VI 

+ 300 V 

SCR TRIGGER-Silicon controlled rectifier trig- IGNITRON 

gers ignitron when 6-v pulse is applied to 5550 

gate.- 1. F Frenzel, Jr , Silicon Controlled 

Rettiflei Te 199e, 19111i1U11, Ekclïùii;...1, 37.17, 

p 62-63. 

C1 

1,300 
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-10V -18V 

2SA248 28^-38 

H I00 pF 

+6V + 6V 

-18V 

+6V 

-10V 

OUTPUT 
- 2.5V - 

-10V - 

CUTOFF SCHMITT-Conventional current-feed- ing regions for transistors cannot always be 

back version, in which one of the two active achieved.-H. Inose, Y. Yoshida, and H. Toda, 

transistor elements is generally cut off, per- Noncutoff Circuits Improve Trigger Switching, 

forms reliably even though optimum operat- Electronics, 35:30, p 36-39. 

IN 

+10V 

1.8 K 1.8K 

02 
2N2925 

10K 430 

R3 

2K 

620 

-10V 

$1.75 SCHMITT-Use of inexpensive transis- Output is 8 y peak to peak at 50 kc.-A. 

tors and fixed resistors in place of potentio- Pacela, Low-Cost Schmitt Trigger Reduces 

meters keeps cost low. Hysteresis control R2 Hysteresis, Electronics, 38:24, p 63-64. 
and trigger level control R3 are optional. 

R2 
1K 

OUT 

CI I 
1,200 ..... 
pF 

+ 10 K 
1N4154 2N2647 

R2 
1K 

3 3K 

R 
2K 

3.9K 

've• 
330 

14XL188 
18V 

— 
..-.. 

100 

330 

.g W. 
SIGNAL 
)UT PUT 

- 

C2 
1,000 .-.-..-.. 
pf 

C3 
0.2 

SPRAGUE 
312204 

• e 

- + 

PULSE OUTPUT 

1N1692 

SCR IMPROVES SCHMITT TRIGGER STABILITY 

-Input signals to 200 kc give consistent trig-

gering over wide range of temperature, 

Source impedance, and input impedance, and 

hysteresis is reduced by order of 10.-M. 

Schmidt, Improved Schmitt Trigger Uses SCR, 

Electronics, 36:17, p 68. 

VOLTAGE 
SOURCE 

SERIES SCHMITT-Complementary transistors 
are either both on or both off, conserving 

power for trigger, comparator, flip-flop, one-

shot, and oscillator applications. With 20-v 

supply, RE1 is 15 K, RC2 is 3K, and RE2 is 1K. 

-J. K. Skilling, New Complementary Transis-

tors make Series Schmitt Circuits Practical, 

Electronics, 35:35, p 52-53. 

EBB E So Ely) 

115 V 

60 CPS 1 ECC 

24V 
DYNODE-TO-GRID POSITIVE FEEDBACK-Pro-

0 25A duces negative output pulse across plate load 

of secondary-emission pentode. Feedback is 

from dynode to control grid, rather than from 

plate to cathode. Diode insures that feed-

back pulse does not affect other circuits, and 

makes feedback nearly independent of input 

0005 

VOLTAGE SENSING-Unijunction transistor is to trigger flip-flop or turn on scr's.-D. V. generator impedance. Used in high-speed, 

triggered when input signal is slightly posi- Jones, Quick-On-The-Trigger Design, Elec- short-duration pulse work.-E. J. Martin, Jr., 

tive, and then generates pulses as long os franks, 38:12, p 105-110. How to Use the Secondary-Emission Pentode, 

input remains positive. Output can be used Electronics, 33:41, p 60-63. 
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EBB ESG EDD 

SECONDARY-EMISSION PENTODE TRIGGER-

Produces positive output pulse across dynode 

load each time it is triggered by positive 

grid pulse. Used in high-speed, short-dura-

tion pulse work.-E. J. Martin, Jr., How to 

Use the Secondary-Emission Pentode, Elec-

tronics, 33:41, p 60-63. 

EBB ESG Epp 

NEGATIVE-PULSE TRIGGER-Diode is not nec-

essary in input circuit of secondary-emission 

pentode, since feedback is from dynode to 

control grid and negative trigger pulse is 

impressed on cathode. Used in high-speed, 

short-duration pulse work.-E. .1. Martin, Jr., 

How to Use the Secondary-Emission Pentode, 

Electronics, 33:41, p 60-63. 

+10V 

+10V 

5 V 

PNPN FLIP-FLOP BINARY COUNTER-Negative 

trigger pulses produce 2:1 operation. Can be 

driven from identical flip-flop or from col-

lector of npn silicon transistor.-J. B. Hang-

stefer and L. H. Dixon, Jr., Triggered Bistable 

Semiconductor Circuits, klectronics, 42:35, p 

58-60. 

INPUT 

DIODE-COUPLED SCHMITT-Uses include pulse-

width modulation of d-c voltage for switch-

ing amplifiers, wave shaping, and voltage or 

current monitoring. Low dynamic resistance 

of diode formed by 02 keeps hysteresis 

0.005 
0.01 

1M 

+6 VOLTS 

OUTPUT 

-6 VOLTS 
(difference between turn-on and turn-off) 

down to 10 mv.-D. D. Robinson, Diode-

Coupled Schmitt Trigger, Electronics, 37:31, 

p 50-51. 

EBB 

10K 

470 

SG EDD 

100 I5K 150 

VARIABLE-SENSITIVITY TRIGGER-Biased diode 

in feedback circuit prevents regeneration. 

Feedback cannot occur until negative-going 

pulse greater than bias appears at plate 

of secondary-emission pentode. Diode bias 

-I0V 

680 
INPUT 
j—L 2.5V 

-- - 3.5V 

-I8V 

0.1 

0.01 

l(— OUT 

varies sensitivity, allowing use as pulse. 

height discriminator also.-E. J. Martin, Jr., 
How to Use the Secondary-Emission Pentode, 

Electronics, 33:41, p 60-63. 

-I8V 

2SA248 
(2SA247) 

NONCUTOFF SCHMITT-Both amplifiers are al-

ways connected to their current sources, 

hence are never cut off and can operate in 

optimum teen', with nu . 4k of damage by 

inverse base-emitter voltage. Output voltage 

18V(- 10y) 

OUTPUT 

REGENERATIVE 
REGION 

-I0.5V 

alternates between two levels.-H. Inose, Y. 

Yoshida, and H. Tada, Noncutoff Circuits Im-

prove Trigger Switching, Electronics, 35:30, 

p 36-39. 
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It 

1500 

AAPJ 

34 

RELATED 
NEGATIVE 
TRIGGER 
OUT 

LIE 

MECATIVE 
TRIGGER 

IN 

POSITIVE 
TRIGGER 

6V 

lot 

DELAYED TRIGGER GENERATOR— Provides 

controllable positive or negative delayed trig-

ger. When used to see leading edge of multi-

vibrator pulse on cro, trigger starts cro sweep 

and delay generator. After preset time, de-

lay generator produces pulse used to trigger 

mvbr.—H. L. Armstrong, Transistorized Trigger 

and Delay Generators, Electronics, 31:3, p 

96-98. 

4C, 

REGENERATIVE-SWITCHING TRIGGER—Ad-

vantages over conventional Schmitt include 

reduced power consumption (neither tran-

sistor cpnclucts during off state), full-range 

output voltage swing, and low output im— 

pedance.Some input signal appears in out-

put. Rise and fall times are 0.15 microsec. 

—R. K. Vieth, Trigger Circuit Gives Less P-diss, 

More V-out, EEE, 11:12, p 28. 

-1,5V K = X 1,000 

LC PULSE GENERATOR—Provides half- sinusoid 

output determined by L and C, when pnpn 

unit is triggered on by low-level positive 

pulse applied to its base.— J. B. Hangstefer 

and L. H. Dixon, Jr., Triggered Bistable Semi-

conductor Circuits, Electronics, 32:35, p 

58-60. 

5 M 

80K 
-I- 80 MV 

MONITORED 
VOLTAGES 

VOLTAGE MONITOR— Input voltage sensitiv-

ity better than 0.7 mv is obtained from op-

erational trigger.— P. Lefferts, Operational 

Trigger For Precise Control, Electronics, 37:28, 

p 50-55. 

2N2608 
0.01ktF 

INPUT 

SOOK +3V 

R2 

10K 

HIGH-IMPEDANCE SCHMITT—Use of fet C11 

for input stage gives high input impedance, 

as required for threshold detector circuit. 

Output pulse is square wave at up to 100 kc 

SENSE AMPLIFIER— Blocking- oscillator transis-

tor amplifier is triggered by output of diode 

bridge network. Rectification assures that 

readout voltages of both polarities are 

sensed. Diodes attenuate small signals great-

-10V 

OUTPUT 

-9V 

R4 

SOOK 

triggering. Turnoff threshold is about 0.2 

below turnon.—L. R. Lott, FET Increases 

Schmitt Trigger Input Impedance, Electronics, 

38.15, p 65. 

ly relative to large signals, increasing signal-

noise ratio at rectifier output to about 20:1. 

—C. S. Warren, W. G. Rumble, and W. A. 

Helbig, Transistorized Memory Monitors Earth 

Satellite, Electronics, 31:3, p 66-70. 
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BASE-TRIGGERED FLIP- -FLOP—Maximum trigger 

rate for steering circuit exceeds 5 Mc with 

negative trigger pulse amplitude from 0.75 

to 2 v. Requires less trigger energy than 

collector triggering but more accurately con-

trolled trigger amplitude.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 

1964, p 197. 

SATURATED TRANSISTOR 

VARIABLE-HYSTERESIS SCHMITT—R7 adjusts 

lower trigger point, and R8 adjusts upper 

trigger point.— R. S. Hughes, Variable-Hys-

teresis Schmitt Trigger, EEE, 13:7, p 41. 

+12 

2000 MEG 

04  

8 Ur 
MYLAR 

M 

_10 K 

12 M 

2M 

2.5M HOURS OF DELAY—Capacitor starts charging passes 2 na. Timing accuracy is high.— P. lef-

from - 12 y to 12 y when switch is opened. farts, Operational Trigger For Precise Control, 

MEASUREMENT— Diode begins conducting at ground potential, Electronics, 37:28, p 50-55. 

Transistor under test is biased to saturate and operational trigger trips when diode 

collector to within 100 my of ground for 10-

ma collector load. Operational trigger then 

trips when Vx is 1 my above 100 mv.—P. 

Lefferts, Operational Trigger For Precise Con-

trol, Electronics, 37:28, p 50-55. 

47K 

',60 

c, 

— 7; J - K.X 1,000 

PULSE GENERATOR— Delivers 1-amp peak out-

put current having duratiou of 10 microsec 

when pnpn unit is triggered on by low-level 

positive pulse applied to its base.—J. B. 

llangstefcr and L. H. DiYCr!, Ir, Trigered 

Bistable Semiconductor Circuits, Electronics, 

32:35, p 58-60. 

-12V 

0-4 MA 
2K 

INPUT 51K 

-6V 

1 
1K 

GND 

R2 
870 

1K 

1N4009 

1N4009 

44 
1 

D 

+12V 

11K 
 "." VW,/ 

01 

2N527 

30K: 

R4 
'1K 

ffg 
1.6K 

02 
2N527 

133 
1N4009 

C1 \ 
15 

Rio 

5.1K 4 

04 
INI91 

RANDOM-PULSE DETECTOR—Either positive or mediately. Circuit may also be used as pulse 

negative pulses above predetermined mini- stretcher or threshold detector.— C. F. Johnson 

mum amplitude force QI into saturation and and J. T. Loiselle, Bipolar Pulse Detector Fea-

turn Q2 off, causing the meter to deflect im- tures Meter Display, Electronics, 38:24, p 63. 
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36pf 

PULSE 
INPUT 

COLLECTOR TRIGGERING WITH TRIGGER AM-

PLIFIER—Used in early stages of counter to 

increase speed, while permitting automatic 

assembly in all stages. For 1-Mc trigger 

rate, less than 1 y of positive trigger ampli-

tude is needed.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 198. 

BLOCKING-OSCILLATOR TRIGGER GENERATOR 

—Generates relatively narrow pulses at ad-

justable repetition rate. Audio transformer 

provides positive feedback.—H. L. Armstrong, 

Transistorized Trigger and Delay Generators, 

Electronics, 31:3, p 96-98. 

-f-10 V 

INPUT 
ve.  

0.01 15K 

2.7 

10K 

-1.5 V 

I 5 K 

2,7K 
0.01 

I5K 

10K 

INPUT 

- )1  
0.01 

o 
In 

In 

SCHMITT TRIGGER 

COMBINATION SCHMITT-MONOSTABLE—Three 

transistors in complementary connection 

give Schmitt trigger (01-02) and mono-

stable mvbr (Q2-03) in which triggering 

level is accurately controlled. Output pulse 

width is independent of input because cir-

cuit is regenerative.—G. Marosi, Combina-

tion Schmitt Trigger-Monostable Multivibrator, 

EEE, 13:10, p 77. 

4 7ppF 

150 K 

6U8 

1•1 o 

+150V 

22 ppF 

SCHMITT TRIGGER 

ADJUSTABLE SCHMITT TRIGGER—Accepts 

either sine waves or pulses. Adjustable input 

level control allows trigger to occur on any 

desired portion of input waveform. Amplifier 

I 5K 

0.01 
- 1.5 V 

0.01 y 

0.01 

1 

2.7K 2.7K 
0.01 

I 5K 

e10K 

-1.5V 

I 51( 

E. 
0.01 

• 

I 5K 

I 

101( e 15 It 

 1(-• 

- 1.5 V 
0.01 

OUT 

6AS6 

^ 

-100V 

TO UNITS 
FLIP-FLOP 

 )1-
0.003 

INHIBIT GATE 
FROM 
TRANSFER 
GATE GEN 

In 

K. X 1,000 

TRIGGER AMPLIFIER 

stage drives flip-flop of units decade counter 
directly.—R. W. Wolfe, Decade Decimal 

Counter Speeds Printed Readout, Electronics, 

31:3, p 88-90. 

FOUR-STAGE PNPN BINARY COUNTER—Op-

erates on negative trigger pulses, to provide 

16:1 division.—J. B. Hangstefer and L. H. 
Dixon, Jr., Triggered Bistable Semiconductor 

Circuits, Electronics, 32:35, p 58-60. 

ALL DIODES IN482A 
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DI 

+10v 

I 5K , our 

02 0.01 

2N2270 

DIODE-MODIFIED SCHMITT TRIGGER-Addition signal may therefore drive other Schmitt trig-

of Rb and D1 reduces loading on driving gers having higher trigger levels.-J. Gaon, 

circuit when 01 is on, thereby preventing Diode and Resistor Increase Input Resistance 

input signal from being clamped. Same of Schmitt, Electronics, 39:12, p 110-111. 

EMITTER-TRIGGERED FLIP-FLOP-Pulse input from 4 to 12 v. Chief limitation is high trig-

makes alternate sides of flip-flop conduct on ger current required.-"Transistor Manual," 

alternate trigger pulses. Maximum trigger Seventh Edition, General Electric Co., 1964, 

rate exceeds 2 Mc with trigger amplitude p 196. 

4-

+10V +5V 

—1- 171-5V OV 

-I.5V 

BASIC PNPN MEMORY-Delivers either posi-

tive or negative pulse output, accomplished 

by means of coupling diodes and transition 

memory capacitor.-J. B. Hongstefer and L. H. 

Dixon, Jr., Triggered Bistable Semiconductor 

Circuits, Electronics, 32:35, p 58-60. 

+I5V 

ZERO-HYSTERESIS SCHMITT-Turn-on and 
turn-off voltages are made identical by using 

zener diode in place of RE.-R. A. Wilson, 

Zero-Hysteresis Schmitt Trigger, EEE, 13:2, 

p 62. 

I 

28V Ri 
25K 

1K 

1N4154 

R2 
100 MEG 

R3 
470 

0.001 

IC 

390K e 150 
 LOAD 

01 

2N2647 

©[ 02 
2N2646 

--- -1- Cl 0.1 

C2 

0.01 
R4 
27 

0 05 T 

1 • 

CURRENT SENSING-Input current of only 40 discharge through R4, and resulting generat-

na will charge C2 and raise voltage at emit- mg pulse triggers scr DI in saiies * jai load. 105-110. 

ter of QI to triggering level. Cl and C2 then Recovery is rapid.-D. V. Jones, Quick-On-

The-Trigger Design, Electronic , 38:12, p 
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o— LOAD I  

K 
PI 

33 

120 VAC 
60 

O's = 2N3392 

VOLTAGE-SENSING TRIGGER— Long-term sta-

bility is better than 10 mv, and can be im-

proved still more by adding two silicon diodes 

in series with R2. Ideal for use in go-no-go 

applications.—"Transistor Manual," Seventh 

Edition, General Electric Co., 1964, p 325. 

T1- SPRAGUE TYPE 31Z204 

TRANSIENT-ATTENUATING TRIGGER—Trans-

former coupling and diode bridge between 

ujt and scr greatly attenuate transients, to 

prevent premature triggering of ujt when 

used for impulse commutation in d-c chop-

pers and inverters.—"Transistor Manual," 

Seventh Edition, General Electric Co., 1964, 

p 333. 

G.E. 
TRIAC 
ZJ-257B 

LOW-LEVEL THRESHOLD DETECTOR— Deter-

mines when millivolt-range signal exceeds 

adjustable threshold. Circuit is similar to 

Schmitt trigger. Forward gain of ampli-

fier is increased by adding second differ-

ential amplifier stage having two low-cost 

transistors and three resistors. Hysteresis 

can be as low as 2 mv, as compared to 

100 mv in standard Schmitt.— R. M. Muth, 

Stable Threshold Circuit With Low Hystere-

sis, EEE, 14:1, p 64. 

SIGNAL 
INPUT 

UJT/TRIAC PHASE CONTROL—Has wide range 

of stable control, without hysteresis or de-

pendence upon supply voltage. Used in 

automatic feedback control systems, since 

ujt is essentially half of balanced bridge, 

with built-in unbalance detection.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 330. 

33071. 

115: 60 CPS 

24 V 

1/4 A 

COMMUTATING 
PULSE 
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2N708 2N708 

FAST-RECOVERY COLLECTOR TRIGGERING— 

Additional diode, used in place of resistor 

from midpoint of diode pair to • 6 v, has 

high back impedance to prevent shunting of 

trigger pulse during triggering period, and 

has low forward impedance to insure fast 

recovery.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 198. 

+ 10v 

-50 v 
0 OR - 50v OUTPUT 

THREE-INPUT TRIGGER— Digital logic permits 

use of only one Schmitt trigger for monitor-

ing number of variables that can have dif-

ferent voltage levels at which trigger action 

is desired. Potentiometers provide indepen-

dent control of set points for each positive 

input. Each input then triggers circuit in-

dependently at its particular theshold, pro-

vided circuit was not previously triggered. 

Circuit is taken from NASA-SP-5022 Tech-

nology litiliration Report, Lewis Research 

Lénter.—Mulriple-Input Tri9y.. Circuit, Eice 

tromechanical Design, Nov. 1965, p 66. 

CONVENTIONAL SCHMITT TRIGGER—Q1 is 

turned on when input exceeds 6.5 v, and 

input remains clamped at this level. As a 

result, input signal cannot drive additional 

120 
VAC 

LOAD 

Schmitt circuits that may have higher trigger 

levels.—.1. Gaon, Diode and Resistor Increase 

Input Resistance of Schmitt, Electronics, 39:12, 

p 110-111. 

+ 28V 

TO 
LOAD 

20 KC TRIGGER GENERATOR—Uses ujt to 

drive 2N526 transistor from cutoff to satur-

ation. Since energy in Cl is not used to 

trigger scr, small capacitor can be used, 

thereby increasing operating frequency limit. 

—"Transistor Manual," Seventh Edition, Gen-

eral Electric Co., 1964, p 333. 

SCR 
CII / 20 

47 

33K 

RI 
100K 

01 
2N2646 22K 

RB, 

411  

• 
o • • 

0.1 

— 0.1 

SIMPLIFIED FULL-WAVE UJT-SCR TRIGGER— 

Consists of two basic half-wave circuits 

placedb,e1, knar, with emitters of uit's 

cross-coupled with network that exerts full-

500K 0.1 
CONTROL 

02 
2N2646 

33K 

SCR 
CH/ 20 

cycle phase control over both scr's.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 330. 
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10-MC SCHMITT—Will operate as square-

wave generator in range of 100 cps to 10 

Mc, using 2N695, 2N705, or 2N711 mesa 

transistors.—P. A. McInnis, "Low-Cost Com-

puter Circuits," Motorola Application Note 

AN-130, Nov. 1965. 

DI 
1N91 

IK 

1-MC SCHMITT TRIGGER—Q1 conducts when 
input exceeds 6.8 v. Q2 always conducts if 

input is below 5.2 v. Ambient temperature 

range is 0 to 71°C. Output at collector has 

2 y minimum level change.—"Transistor Man-

ual," Seventh Edition, General Electric Co., 
1964, p 200. 

BASE TRIGGERING WITH HYBRID GATE— 

Combines sensitivity of base triggering and 

trigger amplitude variation of collector trig-

gering. Bias potential varies in order to di-

rect trigger pulse more effectively. This steer-

ing scheme is attractive for some nonsatura-

ted circuits, when collector-base voltage for 

conducting transistor is very small.—"Tran-

sistor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 199. 

+10V 

TRANSIENT-REJECTING SCR TRIGGER—Inte-

grator combined with voltage comparator 

detects difference in voltage-time areas of 

data pulses and random transients. Data 

pulses passed are 8 y high and 0.5 millisec 

wide.—S. B. Marshall, Noise-Rejecting SCR 

Trigger Circuit, EEE, 14:7, p 102-104. 

10K 1N4152 OR 10K 
1N3605 

) 2C 2Topf 

1.3 K 

TYPICAL SCHMITT TRIGGER—Performs well at 

frequencies up to 100 kc. Capacitor may be 

removed for low-frequency operation. Widely 

used to produce square wave from sinusoidal 

input, because regenerative circuit changes 

1.0 K 

2N1304 

states abruptly when input signal crosses spe-

cific d-c triggering levels.—Texas Instruments 

Inc., "Transistor Circuit Design," McGraw-Hill, 

N.Y., 1963, p 382. 
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PNPN SHIFT REGISTER-Consists of five one-

bit memory elements connected in cascade. 

-J. B. Hangstefer and L. H. Dixon, Jr., Trig-

gered Bistable Semiconductor Circuits, Elec-

tronics, 32:35, p 58-60. 

+12v 

+10V 

2.7K 

IN 

10K 
— 0.01 

-1.5V 

+10V   
15 K 

Kt X 1,000 

PROTECTIVE DIODES FOR SCHMITT TRIGGER 

-Addition of diodes D2 and D3 to modified 

Schmitt trigger having isolating diode D1 

prevents reverse breakdown of emitter-base 

junction of Q1.-J. Gaon, Diode and Resistor 

Increase Input Resistance of Schmitt, Elec-

tronics, 39:12, p 110-111. 

INPUT REFERENCE 

IN 4004 

1N4004 

1N4004 
- i2v 

LOW-HYSTERESIS TRIGGER-Differential-am-

plifier pair, with constant-current source Q3 

replacing emitter resistor, serves as level 

detector with low hysteresis. Good up to 60 

kc.-D. B. Campbell, Low-Hysteresis Trigger 

Circuits, EEE, 13:1, p 76. 

CT 

(-a -u-u-
9opf PULSE 

INPUT 

COLLECTOR-TRIGGERED FLIP-FLOP-Diodes 

with basic flip-flop serve as steering circuit, 

with negative input pulse being used to trig-

ger collectors. Maximum trigger rate exceeds 
5 Mc with trigger amplitude from d Sn 1? V 

-"Transistor Manual," Seventh Edition, Gen-

eral Electr:c Co., 1964, p 197. 

BPI 

ALL 0100ES IN482A 

02 03 
IN645 

TRIGGER FOR ANY INPUT-D-c coupling of 

input permits triggering either by sine waves 

or pulses, independently of pulse shape or 
rise time.-P. L. Writer, DC Input Trigger 

Circuit, EEE, 10:9, p 29. +5v 

10K 

INPUT 4.7K 

-U-

500-KC SCHMITT TRIGGER-Used for wave-

form restoration, signal level shifting, squar-

ing, and d-c level detection. Q1 conducts if 

input is more negative than -5 v. Q2 con-

1N645 

- 15V 

R5 
56K 

OUT 

10K 

-1.5V + 5v 

+10 V-11-. 
SHIFT PULSE IN 
+10V 

-I5V 

4.7K 
0.0001 pf 4.7K 

+I 5V 

01,02,0 3 .2N414 

OUTPUT 

ducts when input is more positive than -2 v. 

Operating range is - 35 to 71 °C.-"Transis-

tor Manual," Seventh Edition, General Elec-

tric Co., 1964, p 200. 



820 SOURCEBOOK OF ELECTRONIC CIRCUITS 

120 
VAC 

SIMPLIFIED UJT-SCR TRIGGER—Emitter tim-

ing circuit and base-2 of ujt are supplied 

directly from a-c line, with dropping resistor 

RD keeping peak voltage on ujt within speci-

fications.—"Transistor Manual," Seventh Edi-

tion, General Electric Co., 1964, p 329. 

_J L 
RESET 

-1.5V K.X 1,000 

POWER FLIP-FLOP— Delivers square-wave out-

put pulse of 1 amp when pnpn unit is trig-

gered on by low-level positive pulse applied 

to its base.- 1. B. Hangstefer and L. H. Dixon, 

Jr., Triggered Bistable Semiconductor Circuits, 

Electronics, 32:35, p 58-60. 

+100V 
5.6K 

INPUT 

50-V PUSH-PULL PULSES FOR DIODE BRIDGE— 

Schmitt trigger acts as comparator about 0 
and provides input to two pulse amplifiers. 

Cathode followers furnish push-pull output 

LOW-COST BASIC SCHMITT—Developed for 

use with inexpensive 2N711 germanium pnp 

mesa switching transistors. Can serve as 

source of 10-Mc square waves, as pulse 

restorer, or as general-purpose square-wave 

generator.— P. A. McInnis, "Low-Cost Com-

puter Circuits," Motorola Application Note 

AN- 130, Nov. 1965. 

N-STAGE RING COUNTER—Uses modified 

memory circuit, in which input pulse turns 

off all pnpn stages except that following on 

47pF 

860K 

12AT7 

at low impedance necessary to drive a 6AL5 

diode bridge. Permits two sample-hold cir- Electronics, 34:39, p 141-143. 
cuits to be run as memory pair in analog 

computer.—T. A. Brubaker, Precision Analog 

stage.— J. B. Hangstefer and L. H. Dixon, Jr., 

Triggered Bistable Semiconductor Circuits, 

Electronics, 32:35, p 58-60. 

I2AU7 

+300V 

TO 
DIODE 

BRIDGE 

33K 
-300V 

Memory has Extended Frequency Response, 



CHAPTER 96 

Tuner Circuits 

T-1561 R- F 

R- F 

PORTABLE TV TUNER—Three transistors in 

vhf tuner provide 19 db power gain even 

for channel 13, with 12 db noise factor. V. 

50- OHM 
INPUT 

3-TRANSISTOR UHF TUNER—Conversion gain 

is up to 9 db and noise figure around 8 

db. with drain of 18 MO at 12 v.—Transistors 

Provide Gain in TV Tuner, Electronics, 35:26, 

p 25. 

OUTPUT 

60 fl - - INPU1- - 
+ 20V 

TO pF 

1. 

Mukai 

Tuners 

T-1597 OSC 

HH 18 

-= K,•X 1,000 
ALL CAP IN pF 

and P. V. Simpson, Transistorized 

For Portable Television, Electronics, 

33:12, p 76-78. 

 )1 
3 pF 

+5,000 pF 7.7 
0C468 
/3- loo 

X 500 pF 

4 *Hi  

25FH 
500 

10K 
10K 

(500 
PF 

3 pF 

10 
1K 

T 

_7--

2XSZ7 . 14V 
270 

100 pit 

- 2 pF 

 )1-0.5 pF 
2 500 ) 
pF 

1,000 

1.2K 4K 

TRANSIT-TIME DIODE UHF/SHF TUNER—Two 

electronically regulated voltage sources are 

required to control current-tuned condition 

and collector voltage, using transistors 

0C468 and TF65 with zener diodes. One 

transistor operates in harmonic-generation 

mode as pump oscillator, comparable to 

parametric amplification.— U. L. Rhode, Push-

ing Transistors Above their Frequency Limits, 

Electronics, 35:25, p 46-49. 

821 
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*FERROELECTRIC 
CAPACITOR El+ 

22K 

FROM TO 
RATIO A-F 240V 
DEI AMPL 

68K 

6.8K 

4.7MEG - I2AX7 
2 

Tote T aco AFC DEFEAT 

AFC FOR F-M TUNER—Obtained by ampli-

fying change in output from ratio detector 

as caused by local oscillator drift, and ap-

plying resulting error signal to voltage-tun-
able ferroelectric capacitor in local oscillator 

through d-c amplifier.—T. W. Butler, Jr., 

Ferroelectrics Tune Electronic Circuits, Elec-

tronics, 32:3, p 52-55. 

FERRITE-CUP TUNER—Rotary-axial tuner con-

sists of two pairs of ferrite cups with ground 

D-shaped center cores, ganged to produce 

linear frequency variation from 500 to 

1,600 kc with 270° rotation. Operating fre-

quencies can be extended to 15 Mc.—E. A. 

Abbot and M. Lofer, Miniature Ferrite Tuner 

Covers Broadcast Band, Electronics, 31:9, 

p 72-73. 

220 i 0.001 

150V 

BS.100V BIAS AND 30V RMS SWEEP 
90 LI,L2,L3, L4 2 TURNS NO.14 WIRE SPACED - IN. ON BRASS + 150V 

SLUG-TUNED 1- IN. FORM 
L5 30 TURNS NO.24 WIRE CLOSE ON -11 - IN. IRON SLUG-TUNED FORM 
L6 4 TURNS NO.24 WIRE CLOSE WOUND OVER END OF L5 

FERROELECTRIC CAPACITOR 

PANORAMIC FRONT END—Can be made as 

three plug-in units, each containing the elec-

trically tunable r-f, mixer, and local oscillator 

stages to cover 35 to 70, 70 to 130, and 

60 OHMS 

SIGNAL IN 

XTAL 
I- F 

CI 

0.01 

130 to 200 Mc. Each plug-in front end 

has eight voltage-tunable ferroelectric tuners. 

—T. W. Butler, Jr., Ferroelectrics Tune Elec-
tronic Circuits, Electronics, 32:3, p 52-55. 

30 pF j_  

IF . 10.7 MC 

IMPROVED CODAN—Applied to first audio 

tube of receiver. Tube is biased off by 

zoner diode in cathode circuit, and keep-

alive current is supplied to zoner from B-4.. 

Actuating codan, consisting of crystal, volt-

age-doubling rectifier, smoothing capacitor 

C2, and load, produces positive output only 

TRANSMISSION- LINE 

À/4 

CURRENT-TUNED UHF TUNER—Circuit per-

mits operation of transistors beyond rated 

frequency limit. Transistor is used as nega-

tive-feedback oscillator whose frequency is 

determined by length of coaxial line. Oper-

ation is similar to that of parametric 

amplifier.—U. L. Rohde, Pushing Transistors 

Above Their Frequency Limits, Electronics, 

35:25, p 46-49. 

when signal is rece'ved from i-f. Crystal is 
at i-f center frequency. Audio is thus un-

blocked only when voltage of desired sig-

nal, as set by R2, is sufficient to overcome 

cutoff bias in cathode circuit.—R. L. Ives, 

Crystal Codons Give Accurate Receiver Tun-
ing, Electronics, 33:22, p 113. 
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TUNNEL-DIODE 

DC+ 

SUPPLY 

UHF TUNER—Uses self-oscil-

lating tunnel-diode converter circuit.—"Tran-

sistor Manual," Seventh Edition, General 

Electric Co., 1964, p 359. 

COAXIAL 
CONNECTOR 

IF OUTPUT 5011 

FET MIXER FOR UHF TV TUNER—Uses strip 

transmission lines. Ground-plane conductors 

divide circuit into three shielded cubicles, 

for r-f input, local oscillator output, and i-f 

output.—S. M. Weaver, For a Good Mixer, 

Add One FET, Electronics, 39:6, p 109-112. 

50 IA 
INPUT 

LOC. 
OSC. 
INPUT 
50 S1 

-4- 30V 

500 
PF 

250 250 

If 

LOW-NOISE UHF TV TUNER—Input is tunable 

from 470 to 890 Mc, and output is 45 Mc. 

(nun is à to 9 db over uhf bumf, with typi 

ANTENNA 

I.F. 
OUTPUT 

+1.5 

CAPACITIVELY TUNED TUNNEL-DIODE TUNER 

—Uses self-oscillating tunnel-diode converter 

circuit.—"Transistor Manual," Seventh Edition, 

General Electric Co., 1964, p 359. 

UHF TV TUNER 

50 

INPUT 

FREQUENCY Ribp Robp Riep 
4/01AC 850 500 it 1600 
890MC 1200 2000 40 n 
(ALL CAPACITORS IN PICOFARADS) 

TI 
2142415 

T, = 30 URNS OF . 35 W Rf ON 

Lb" OD TORN NITS RS IN FERRITE 

10K StUG TAPPED APPROMMA ELY 10 

TURNS FROM COLD END 

1- ITV 

TRANSISTORIZED UHF TV TUNER—Gain is 3 
to 9 db over tuning range of 470 to 890 

Mc and noise-figure is 7 to 9 db, with 

output at 45 Mc. Current drain is only 18 

ma at 12 v.—Transistorized UHF Tuner Fea-
tures Low Noise, High Gain, Electronics, 

36:2, p 15. 

FREQUENCY Ribp Robp Riep 
410MC 050 5000 180 
890MC 120 0 200 n 40 

(ALL CAPACITORS IN PICOFARADS) 

2N24 15 

5IK 
50 
OUTPUT 

250 

T, . 30 TURNS OF Ar. 35 WIRE ON 

e 00 ROSH. WITH 45 MC FERRIIE 
OK stuc TAPPED APPROXIMATELY 10 

TURNS FROM COLD END 

+ 12V 

cal noise figure of 7 to 9 db.—Texas Instru-

ments Inc., "Solid-State Communications," 

McGraw-Hill, N Y , 1966. p 299. 
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LI 

4 TURN 
NO.16 I.5V 
WIRE _ 

AUD O IN 

IN2941 C2 1 
0.001 

TUNNEL-D ODE TRANSMITTER—Can be fre-

quency-modulated for remote-control appli-

cations. All components are mounted on 

body of piston-type trimmer capacitor. Tun-

ing range is 50 to 250 Mc.—Tuner Elements 

Ride Piggyback, Electronics, 35:31, p 54-56. 

I2AG7 
VI 

R.F.C. 
+20V LINE 

RESONATOR 

1,000-MC NPN OSCILLATOR—Can deliver over at temperatures up to 200°C.—Gigacycle Os-

2 mw, adequate for uhf tuner, and operate cillator, EEE, 10:12, p 102. 

60V 

100KkTUNING 
IM 
150pF 150pF 

SIGNAL-SEEKING TUNER—Three silicon diodes, ventional tuning capacitors.—J. G. Hammer-

whose capacitances can be varied with ex- slag, Signal-Seeking Auto Radio Uses Semi-

ternally applied bias voltages, replace con- conductor Tuning, Electronics, 33:30, p 60-62. 



CHAPTER 97 

Ultrasonic Circuits 

HYDROPHONE PREAMPLIFIER—Cathode-fol-

lower hydrophone isolation amplifier and 

high-gain preamplifier feed Navy RBA-6 

low-frequency radio receiver on trawler, to 

receive modulated 21-kc beam that trans-

mits trawl net depth data.—F. H. Stephens, 

Jr., Underwater Telemeter for Trawl Fishing, 

Electronics, 32:13, p 66-68. 

0R3:20I...rpNORMAL TRIG 

100K 
150 ,AA.* 

1 

OPEN LOOP 

250K 

5,000 50 

pF 
EFP-60 

4 
6,800 o ui> 4,000 

10pF 

Kt' X1,000 

0.05 

MI- 2 
o HYDRO-

PHONE 

0.01 

100K . 

— 12 

V, •—"iv\--
6AH6 47K 

1,000 

150 

_nHYDRO-
20— PHONE 

CABLE 

2 

CAIN FOLL 

TRIG AWL PULSER 

33 
EFP-60 

2.5e1 

-t-0.1 

6.494/1.H 

0 026 

0.2696,uH 

0.623 

6.49401 

0.026 _F e 

6354 

SPEAK 
ER 
1 

RBA-6 

12K 

1/2 12AT7 

56 

IOK 

ESC AC-35I 
PULSE 

TRANSFORMER 

+300 

-SYNC 
OUT 

DR301 

1,500pF 
4,700 

— 10pF 

el5OK 
0.1= 

I.2M 
 •vVs.,  

NC 
 a INITIATE 

NO 2,0004F 

/ 

• 

5004F 

SYNC OUT 

+SYNC 
OUT 

39K 

TRANSMIT 
PULSE 
OUT 

ESC 8-251 

PULSE 1,000 
TRANSFORMER 

82 

15pF 

 •   
1N974 

1,004 

=100pF 

150pF 

1/2 12AT7 

394 

500K 

4,700 

OPEN 
LOOP 
PERIOD 

II I 

200K 

• • • • 
RATE GEN 

SING-AROUND TRANSMITTER—Used for pre- sample. Receiving transducer on o her side 

asion measurement uf ult. usonic velocity in generates signal to retrigger transmitter, 

liquids and solids. Transmit pulse is applied with process repeating in sing-around fash-

to ultrasonic transducer on one side of ion. Time and number of sing-around 

0.1 

o 

B.O. 
SYNC 
OUT 

10pF 
10pF 

5pF DR4O3 

44,000pF 

7-45pF4 

2,000 

8,0. 
AMPL 
ADJ 

1,200 
2,000pF 

7,000 

2,000pF 

33 

6CL6 

0.01 

10K 10K 

0.01 

•••,A,  
10K 

 It  
1,000 1,200/ 2,000pF 1,000 1,200 

7,000 

2,000pF 
DR403 
14  • 

TRANSMIT PULSE OUT 

cycles are measured to get velocity.—R. L. 

Forgiscs, Precision Ultrasonic Velocity Meas-

urements, Electronics, 33:47, p 98-100. 
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-12 

AMPLIFIED 
ECHO 
IN 

8.0. 
DELAYED 
NEG 
SYNC 
IN 

0.05 

i68 

200 SPAN ADJ 

I(  
1,000 
pF 

0.1 2N358 25 

ECHO IN 

DR301 
2g s 14 
co 5,000 

DR403 pF 

2N358 29 

TIME DELAY el0 50 

2,500 
pF 

+12 
33 6,000 0.047 39, 

a 
_5,000 ▪ 121 

pF • 2N356 

4,700 6K 

2N274 

820 DELAYED 
SELECTED ECHO 

2 

SELECTED 
ECHO 

NARROW 
GATE 
DELAY 
ADJ 

ECHO SELECTOR SELECTED ECHO AMPL 

TIME DELAY ADJ 

30K 300 

• 
TIME DELAY GEN 

SING-AROUND TRIGGER GENERATOR—Elec-
trical echo signals generated by receiving 

transducer pass through 10-Mc tuned am-

plifier to trigger generator that delays se-

o 

470 300G, 4 

-  

REG IN 

-----1 MPF 

REG GATE IN 

6AU6 
VI 

82K 

470 

22K 
2 

e566 
1.891H 40 

100 

0.05 -

820 

0.01 

821( 

10K GAIN 

2N358 

1.2.00 1 

IDE 
GATE (212N358 
WIDTH 

J el00 

W  

180 

o 
1,200 12K 

12: 3:12 
PULSE 

RANSFORMER 

DR301 

2N501 

DR301 
50 I 2N501 

NARROW GATE GEN 

lected detected echo and combines it with 
undetected echo in fast series-transistor coin-

cidence circuit to obtain trigger output pulse 

for transmitter of ultrasonic velocity meas. 

2N274 

DR301 

25 

DR301 

0.1 220 0.1 

1,000 

1,000pF 

2N501 2N501© 

DRIVER ONE-SHOT 100 

1Y44.  - 12 

0'1 400 25 

5,000 
50 pF 

2N247 

REC AMP 

470 

22K $. 561( 22K 56K 

39K 

0.01 

100 

820 

005 

82K 

100 

820 

OR GAIN 

4K 

'22K 

40 LEIMH 

1,500 

6AU6 

V4 

821( 

100 

5  820 0.05— 

0.01 

39K 

1,500 
PPF 

DASD 
V5 

100K 

WIDE GATE GEN ECHO BUFFER CYCL SEL 

2N501 

DR 
403 

+12 

39 1( 
3,000pF= 

75e am TRIG 

SHORTEDLINE"( 

4FT 
RG-62/U 30K 

DR4031 

uring system.—R. L. Forgacs, Precision Ultra-

sonic Velocity Measurements, Electronics, 
33:47, p 98-100. 

15K 

15,.F 

390K 

220 

REC GATE 

2.51111 r 300V 

1.81AF1 

12ATT 
—  V6 

2.2K a2K 

180K 

— 0.01 ≥ I5K 

22K I5K 

4-314µF 

390K 

12AU7 

V75 I.8K 
180 

-150V 
4105V -150V - 150V 

BALANCE 10K 

DEI 

PULSE OUT 

PULSE AMP BOX-CAR GEN TRIGGER SHAPER AND AMP +300V 

12ATT 
Ve 

100K 

686 1.114EG 

FILT 
47K 

4.7K 

100K 6801( 

I2AT 7 
Vg 

820 820 

-150v 

UNDERSEA PROPAGATION RECEIVER—Am-

plified output of receiving transducer is fed 
to receiver gate that acts like switch in that 

output appears only when pulse is applied. 

Receiver is thus sensitive only for short in-

tervals of time in which return is expected. 

27K 

-150V 

10K ZERO 
ADJUST 

13K 

12AU7 6C4 
V„ 

100K 
-150V 

6,600mµF 

I K. X 1,000 
= 

5K 
150K 

-150V 

0.01 56K 0.01 56K 

6J6 
‘9,2 

OK 

500•FF 

120K e 
-150v 

e 30K 

12AUT 
V71 

47K 

-150V 

0-C OUT 

Output of receiver gate is detected by V8 and 

filtered to get pulse envelope for crt. Re-

ceiver pulse is also amplified by V9 and 

used to charge capacitor in boxcar genera-

tor, so amplitude of pulse is remembered in 

interval between pulses. To make boxcar 

generator forget old amplitude when another 

pulse arrives, receiver gate is shaped into 

narrow pulse used to discharge capacitors 

through V11 just before arrival of next 

pulse.—W. C. Gore, Ultrasonics Tests Under-

sea Propagation, Electronics, 31:35, p 32-35. 
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NIC 

o 

t/2 6AW8 
40-KC 
AMP 

1 0.02 

—22V 

lOgSEC 
SLIDING GATE 
'INPUT 

0.01 

AMPL 
2N274 

K.X 1.000 

ITO< 

0.0047 

0.0047 

0.0047 

150K 

EMITTER 
FOLLOWER 
2N274 

02 

I.5K 

EMITTER 
FOLL 
2N274 
03 

1.5K 

EMITTER 
FOLL 
2N274 

04 

I.5K 

DO-122 
3A.SEC 

DO-122 
6{LSEC 

DD-722 
10#. SEC 

10K 

SONAR AUDIO SELECTION GATE—Triangular 

sliding gate of sonar target classifier selects 

from channel positions the sample chosen 

for monitoring by sonar operator-trainee, 

1/2  6AW8 
40-KC 
AMP 

1/2 6AW8 
40-KC 
AMP 

3.9K 3.9K 
0.02 

TV CONTROL RECEIVER—Uses barium titan-

ate transducer os microphone, tuned with 

20-mh coil to provide peaks at control fre-

quencies of 38.5 and 41.5 kc. Balanced dis-

1/2 6AW8 
LIM - 
TRIP 

+340 = 

io 3.9K 

_L 

8.2K Di SELECTED 
0.01 IN270 +22V AUDIO 

OUTPUT 
IN270 AUDIO 

CHANNELS 
1N270 

0.01 
8.2K 

LIMITER 
2N274 

02 

IN270 

8.2K (4) 
IN270 

8.2K 
LIMITER 
2N274 
06 

8.2K 
ii IN270 

8.2K 

LIMITER 
2N274 
Q7 

with smooth transition from one channel to 

another.—M. H. Damon, Jr., Tape Target 

Classifier Trains Sonar Operators, Elec-
tronics, 33:13, p 65-69. 

SENS 
1 MEG 

2.2 2.2 
MEG MEG ) 

—M.AreWe-
680,u,a F 

6AL5 
120- KC 
DISCR1M 

2.2 
MEG 

0.001 0.001 

OH( • 

 /NA«.  
_35 560K 

criminator detects the two ultrasonic tones. 

Frequency shift of continuous ultrasonic 

tone activates tuning-motor relay. Both 

audio and video are killed during tuning. 

8.2K 

1/2 6AW8 1/2 6AW8 

CHAN SEL ON-OFF 

REC +370 

ON- OFF RELAY 

CHAN REC ON-OFF 
SEL 

RELAY 110 A-C 

 r - MOT CONTROL. 

+340 

Also provides remote on-off control of 

power.—N. Frihart and J. Krakora, Ultra-

sonic Tones Select Tv Channels, Electronics, 

31:23, p 68-69. 
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2N930 G 

TRANSDUCER 5K ALL RESISTORS METALLIZED TYPE 

22-KC SONAR -Amplifier is coupled to sonar 

transducer through 8:1 step-up transformer 

and resistor-varistor network. Circuit feeds 

cathode-ray display that protects V2 from 

overload and possible blocking during echo 

return time. Receiver gain is 137 db. 

-L. H. Dulberger, Sonar to Survey Arctic 

Ocean Shelf Transmits Through Ice and 

Water, Electronics, 34:31, p 44-45. 

SINE IN 
PROM EXT 
VAR OSC 

IN643 

X 

+7V 

1,IK (2) LIK 15 

• I( • 

SLICER 

+7V 
33F 1.8K 

(2) 2N338 

2N338 15K 

390 

50K 

100 pF 

-117-7 -1T 

47K 

HYDROPHONE PREAMP-Fet eliminates un-

wanted noise and added capacitance caused 

by long cables connecting hydrophone to 

shore station. Voltage gain is unity. Can be 

used with cables up to 3,000 feet long. If 

hydrophone moves in water, use 1-meg re-

sistor between gate and ground to suppress 

low-frequency excursions of signal.-F. Wat-

lington, Hydrophone Preamplifier Cuts Cable 

Noise, Electronics, 39:16, p 120. 

(2) 390 
0.01 K 

100K 

TO 
TRANSDUCER 

27K 

-= ( 2) 
THYRITE 

GAIN ‘E.7 

5.IK 

e220K 

II  
0.01 

V2 

6C86 

100-500 
pF 
• 

50 
mH 

750 

+340V 

47K 
0.01 

390K  220K IF1 

IF-  -= 
0.01 

0.01 

600e 0.01-

V; 

6AU6*  

I.5K 
0.1 

3,000pF 
DEFLECTION 
TRANSFORMER 

560K 

10mH 

DIFFERENTIATOR 
WU' _111_ 
-7V -on, • ) 

IN643 lok 
0.01 

II 
2N240 

SWITCH- DRIVE ONE- SHOT AIVBR 

5 

2N338 

.-7717-+ r d‘••••A• 
2.2K 2.2K 

EXTERNAL BLOCKING OSCILLATOR 
2N123 (10-30CPS 

5K 
PULSE 
WIDTH 
ADJ 

10K 

40 

PRF c 
5 ADJ 

68K 

T-1 

-7V -15V 

(2) 
2N123 

01 

2N338 IN6-43 

-15y - M.-
3k 

5 IK 

+15V 

I5k< 

2N338  ••  
(2) 

1N5 4 3 
_UJ_ 

4.7K • 0.01 

15 

+I5V -I5V -7V 

4.7K 

 I( 4 ( 2) 
5 2NI23 

GT792 

4.7K 

15 

INHIBIT 

IOK 

DI IN643 

ZERO-CROSSING SYNCHRONIZER-Variab e-

frequency sinusoidal wavetrain output, sta t-

ing at zero crossing, is produced by gating 

circuit. Used to determine attenuation and 

+I5V 

0.01 
A UK 

4.71( 
+7V 

GT792 

TV 
4.7K 

AND GATE 

10K 

510 

V4 
6A05 

1/ 400-3,055pF 

 +400V 

 +400V 

0).01 

4-I5V -I5V 

IN643 

2NI23 

- V-

4.71( 

0.1 

4.7K 

5 
•-1 

LIK 

2N338 

4.7K 10K 

1.IK 
12) 1.IK 

2N338 

REP 
RATE 
ADJrf 5 

2.2K 2.2K 
• vv• MA 

SCOPE SYNC 

0.01 

ELECTRONIC SWITCH AND ATTENUATOR 

15 2NI23 

IS GT792 

velocity characteristics of ultrasonic delay 

lines. Covers 20 cps to 300 kc. External 

blocking oscillator allows use of alternative 

repetition rate generator when required. 

-7V +I5V 

- 3.9K 

IN643 

- 3.9K 

+7V -15V =-

K. X 1,000 

+7V 

TO SINE 
47K INPUT 

X 

-RAP-
GATED OUTPUT 

-J. A. Wereb, Jr., Zero-Crossing Technique 

Syncs Wavetrain Outputs, Electronics, 32:19, 

p 64-65. 
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UNDERSEA PROPAGATION TRANSMITTER— 

Develops 100-v peak signal across 100-ohm 

matched resistive load of crystal transducer, 

for mean power output of 50 w. Is fed by 

r-f oscillator through transmitter gate that 

generates voltage pulse whose width is 

variable from 10 to 5,000 microsec, to turn 

on transmitter for corresponding time. P1 

and P2 are plug-in circuits that must be 

changed when operating frequency is changed 

in range of 25 to 150 kc.—W. C. Gore, 

Ultrasonics Tests Undersea Propagation, 

Electronics, 31:35, p 32-35. 

2.2K 
0.002 

0001 

2N2926 

K . X 1,000 

CI:OPTIONAL 100 

REMOTE TV VOLUME CONTROL— Ultrasonic 

bursts from handheld transmitter are picked detector 2N2646 that also generates trigger 

SIN- COS 
POT 

(16 K) 

r 
'SERVO I 

I 
I 

270K 

SONAR BEARING INDICATOR—Visual indi-

i.atur using ordirtury cio cun be synchro-

nized with rotating directional underwater 

acoustic transducer, to indicate relative bear-

ing of arriving signal from target. Trans-

ducer synchro output, proportional to bear-

ing, drives small servo motor having stan-

dard 4-tap sine-cosine potentiometer. De-

tector output is applied across pot, and four 

vector outputs are fed to cathode-ray de-

flection plates. A-c voltage produces rotat-

ing bar, and diode clipping of half the signal 

converts bar to pointer emanating from 

center of screen. With target signal present, 

input amplitude is adjusted to produce line 

from center to edge of screen.—Target Bear-

ing Indicator, " Electronic Circuit Design Hand-

book," Mactier Pub. Corp., N.Y., 1965, p 

123. 

up by microphone and fed ro ujr threshold 

TO VOLUME 
CONTROL 

ONO 

pulse. Two cascaded bistable dividers con-

trol three transistors shunted across volume 

control, to give full volume (no shunting) 

and three lower volume levels.—.1. H. Phelps, 

Tr un>ibiur :11>ieçAii gif Rekys Tuno TV Vol 

ume, Electronics, 37:9, p 32-33. 
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22.5v K.X1,000 TRANSDUCER 

1.) 

CHANNEL 
CHANGE 

MAGNETOSTRICTION TV REMOTE CONTROL 

-Frequency of transistor oscillator is con-

trolled by either of two lengths of nickel 

tubing, each floating inside form having two 

coil windings. One coil acts as driver and 

the other as pickup to provide feedback 

voltage for sustaining oscillation at control 

frequencies of 38.5 and 41.5 kc. Aluminum 

diaphragms on front ends of tubing increase 

acoustic output.-N. Frihart and J. Krakora, 

Ultrasonic Tones Select Tv Channels, Elec-

tronics, 31:23, p 68-69. 

EXTERNAL COUNTER 
CONTROL 

\>0 
CALIBRATE 
SWITCH 
AUTO 

0-

OFF 

MAN° 

-J 

I 5V 
60 CPS 

5866 

2.8 KV 
RMS 

BUCEAS' 
DRIVE TRANS-

FEEDBACK } 

TANK 

XOSI. 

1 

0.00' 0.05 

— 0.05 

2K 

100 

K. X 1,000 

SELF-TUNED ULTRASONIC GENERATOR-Cur- VI tuned to desired frequency between 20 

rent from feedback transducer goes through and 40 kc.-S. Vogel, Ultrasonic Equipment 

ballast lamp BI, keeping oscillator circuit in Industry, Electronics, 34:4, p 52-55. 

110V A - C 

0.05 

120-60 1 
1,{t H 

SENSI-
TIVITY 

0.001 

K2 

RECEIVING 
TRANSDUCER 

TRANSMITTING 
TRANSDUCER 

20/F 

1.5 MEG 

.5 MEG 

1 150K 

MEG 
•  

290V 

q 22 o • 
MEG 

100 

85 

K1 

II0V A-C 

5.IK 10K 100K 

I 1,r 

2.41.A.A;v1_1 

CALIBRATE CIRCUIT 
  12AT7 

0.001 

33K 

100K 

0J 3 T MEG 

180K 

2 
MEG 

2X0.5 

6AL5 

6AH6 

20-60 

II 

1,000,e F 

500 

30K 

50K 

0.1 

2K 

75K 

0.1 

25K 

DISCRI— 
MINATOR 

50,a H 100»/F 

90K 

47)/J/F 

1N34 

6AH6 

5K 
0.1 

100 

100K 
8mH 

24K 47,tifiF 47,u,uF 24K 

220K 220K 

FLIP-FLOP 
12AU7 

10KI 

0.01 

100K 

I5K 510 

20K 

150K 

47 
AuF 

0.01 

o 

NONBOND 
INDICATOR 

NE5I 

• -L. 

20K 

RECORD 

tt, 

CO UNT 
5.6K 

1,000 6AH6 6AH6 •-
)44/F   

20 — 1N39 10K 

PULSER 

400K 6AH6 1 

• 1 
900-KC FLAW DETECTOR-Attenuation of 

ultrasonic pulses beamed through test piece 

reveals presence and extent of internal 

defects, such as nonbonds between alumi-

num cladding and uranium core. Test piece 

10mH 

and transducers are submerged in water to 

provide good coupling for 900-kc ultrasonic 

wave from barium titanate transducer of 

pulser. Motor sets discriminator threshold to 

equal signal received from attenuator.-J. D. 

 )1  

10K 

0132 

3 3 0)/J/F 

RECORD 

10»/F 
25K 50K 0.001 

K X 1,000  0.01 - COUNT .  

Ross and R. W. Leep, Ultrasonic Pulses De-

tect Reactor-Slug Flaws, Electronics, 31:25, 

p 59-61. 



ULTRASONIC CIRCUITS 831 

WATER DEPTH TELEMETER-Determines exact 

depth of trawl net under water, for inter-

ception of desired school of fish. Contin 

uous depth information is transmitted to 

trawler by modulated 21-kc ultrasonic beam, 

along with water temperature.-F. H. Ste-

phens, Jr., Underwater Telemeter for Trawl 

Fishing, Electronics, 32:13, p 66-68. 

220 J 
-22V 

F-M 
IN 

;10K 

+210 V 

43MH 

40 KzX 1,000 

180pF 

HF 

100 MH 
terry 

390pF 

- 12) 1. 0.0015 BANDPASS 
FILTER 

100K> 

5.6K 

+I35V 
R7 

1,000 

DEPTH OSC 

50K T.ci 

IT4 150K V 
0.1 

3V4 
50K 
.25   

+15V 

100K 
+135V 

10 K 
PRESSURE 

4 -30fiji 
TRIMMER 

2 MEG 

5K 51R2   

BAND-PASS AMPLIFIER 

AMPL 
2N274 

01 

IV 
360-
1,000µµF 

2.9•11 

IRK 

76 

CAa TO 
HYDROPHONE1 

loo 

6C86 ‘11 

0.5 

o. 

330K 
0.05 
180 - 

0.5 

6C86 

47 

IRK 

12 60 
µµF 

n-62 
µµF 

0.01 iP 

0. 
I MEG 16126 5606 

3 

680 68J6 03 

80 0.00 2306 

-4.5V 

100K 

DRIVER 
+9ov 

T2 

1.12 HYV4 3V4 I J 6GT 
160 

POWER AMPL 
+ 135 V 

3. 
+I.5V 7.  + 3V 

TYPE OBG 

_HO FEED THRU R1 TRANSDUCER 

V5 0.02 100K 

220K 

OUT 
SWITCHING 

DEMODULATOR 

 o 

CI 
470pF 

22K 

186 

) 
D3 

IN270 
0.1 

4 

1N270 

100K 85K 

MOD 41'5V 

T1 
0.49 HY 

E 

+90V 

0.8 H 

19.5-KC SONAR F-M DEMODULATOR-Used 

in playback of active sonar f-m signals 

multiplexed onto one track of magnetic 

tape, for training students at land-based 

sonar. Bandpass filter at input demodulator 

selects band of frequencies associated with 

desired f-m carrier. Output from filter is 

amplified and clipped for switching demodu-

lator, whose output is varying component of 

average modulating signal current.-M. H. 

Damon, Jr., Tape Target Classifier Trains 

Sonar Operators, Electronics, 33:13, p 65-69. 

- 0.5 

47 

16.05 

360-

0.5 

..'16 

560µµF 

2. mu 0.047.-. 474 

11801 
k •  .»F 

100 2400 =0,047 

k3.36 3.96 

30 MM 

05C 
114 

6607 

002 

390e MEG 

VSA 

MIXER CAT POLL AMP CATH POLL 

3.36 

12017 

,804 

680 

100K 
- 39 
-Tvd 

• 

60-KC HYDROPHONE RECEIVER-Shore-based 

receiver responds to four signal frequencies 

in 60-kc feglon, of levels as low as 1 micro-

volt, coming from receiving hydrophone 

through up to 15,000 feet of 120-ohm under-

336 

vse 

20 

3.8101/1 3.81MH 
12.niu J'YYN. 

•-•-ren-•-• *-13-1( • 

HE 0.01 

0.0067 0.0067 

0.010'- .= 0.010 

• 

16 

Ve• 

IK 270K 'UK 

• 

270K 

water cable. Output of cathode follower V6B 

is connected to four Foster-Seeley discrimina-

tors (not shown) that demodulate signals 
for driving 'ewe der. U•ed in monitoring 

performance of four underwater mines while 

0.005 

12007 

6806 

10 

3,3K 

6.51,000 

TO DISCRIMINATORS 

5 6 K 

test ship passes over.-M. J. Aucremanne 

aged D. D. Woolston, Telemeter System Relays 

Undersea Ordnance Data, Electronics, 31:41, 

p 84 87. 
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470 970 

8, 

11903 
05 

—225V 

C2 
T2 0.001-0.01 

TRANSDUCER 

K.X 1,000 

RECYCLE 
PULSE 

40 

,,,,, PEAK EMITTER 
DETECTOR FOLLOWER 
2N167 2N167 

60-KC UNDERWATER TRANSMITTER—Consists 

of oscillator, buffer, driver, and power am-

plifier feeding barium titanate projector. 

Bandwidth is 1 kc in 60-kc region. Used 

to monitor underwater mine operation as 

test ships pass over. Receiving hydrophone 

on bottom may be up to 600 feet away. 

When mine senses approach of target, relay 

KI is activated, turning on transmitter.— 

M. J. Aucremanne and D. D. Woolston, 

Telemeter System Relays Undersea Ordnance 

Data, Electronics, 31:41, p 84-87. 

01 03 

10.01 DISCHARGE 
2N01267 10K 

(—J\ PEAK 
DE 
2N404 FOLLOWER 

EMITTER 
TECTOR 

2N404 

_ =00.01 
RECYCLE 
PULSE 27K 

Q,  0, 
DISCHARGE 
2N404 

Q6 
10K 

10 T IRING 
MECHANISM ION 0.1 

1 MEG 

2%00 

2.78 

82 K 

9PA1 

%Z..- 0.0039 

— 00039 

584 

28100 
02 

0.01 

 TE-
15 H 

  270 
agF 

10 - 100 µ 

0.0022 

28100 
0 

I MEG I E8K 

5K 220 

86 
04 

SONAR PEAK-AMPLITUDE DETECTOR—Re-

shapes pulses from playback amplifiers 

handling pulse-amplitude-modulation time-

division multiplex signals recorded and re-

produced in magnetic-tape storage system, 

to provide narrow 2-microsec pulses coin-

ciding with reference playback clock and 

having amplitude proportional to peak am-

plitude of input pulse sample. Used in 

training sonar operators at land-based sonar. 

—M. H. Damon, Jr., Tape Target Classifier 

Trains Sonar Operators, Electronics, 33:13, 

p 65-69. 

25 

MICRO-
PHONE 
600 
OHMS 

o 

4   220 

I 
DELAY- LINE 

DELAY- LINE OUTPUT  
DRIVER I 
2NI67 
00 — 

STROBE 
PULSE 

STROBE 
PULSE 

22V 
220 

PRINTER OUTPUT 

R2 

10K 
TIME 
CONTROL 

GAIN CONTROL 

RESPONDER FOR I3-KC DOG WHISTLE— stage Q4 maximizes gain yet prevents op- (controlled by charging of C3).—M. R. McCann 

Tuned stages Q1-Q2-Q3 each having 700- eration of device by circuit noise. Diode de- and I. Aleksander, Ultrasonic Frequency Re-

cps bandwidth, staggered to give total band- tector DI makes Q5 conduct, energizing relay sponder Aids Blind, Electronics, 34:43, p 
width of 1.7 kc for amplifier. Untuned K1 and sounding response bell for 25 sec 48-49. 
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60 TURNS 

12 
TURNS 

TO 
50-OHM 
TRANS-
DUCER 

BROADBAND HYDROPHONE PREAMP— Pro-

vides gain of 35 db at 250 kc, with ex-

tremely low noise figure (within 1 db of 

thermal). Operating power of 20 ma d-c can 

be fed down same RG/8 coax used to trans-

mit signal.—R. N. Foss, Transistor Preamp 

has Very Low Noise, Electronics, 31:29, p 

92-96. 

AMP MOD 

+320 

3 9 M 

SWEEP 

001 

20K 

150K 

39K 

20 

SOLDER 
CONNECTION  
TO SHIP 
GROUND 

10A -- OHM- -01--..--

11:  220V AC 27 TYPE 1N1566  

10A "- 1111- 84- 94. 
27 TYPE 11,41566 

I.2K 4,000V 

FULL 

HALF 

JUMPER 

80 — 

'"Z481(0V 

SPARK GAP 

711 IN NOMINAL 

 --o 0-  

TRIGGER 
500K 1ELEETRODE 

500pF 
20KV 

}PARK 
ME COIL  

100K 
1C;)0-5KY 

TRANSDUCER 

220K 

SN4 

110v AC . 11 INT2V1 
tot  

4A !OK 

-270V 

150K IK 

OK 

SONAR THUMPER—Strobotron tube circuit 

energizes spark coil, ionizing spark gap and 

discharging bank of 4,000-y capacitors 

through underwater transducer coil, caus-

ing adjacent aluminum plate to produce 

500K 33K 

-40V 

3.3K 

7K 

250 

0 001 

0.1 

0 003 

560 K 

560K 

4250 

10K 

0.003 

10K 

100K 

1-71-1  
TEST 
BUTTON 

27K 0.02 

I( 
1 

TRIGGER INPUT 

high-power sound pulse that penetrates 

sediment layers and bedrock for oceano-

graphic research.—New Sonar Thumper 

Charts Ocean Subbottom, Electronics, 34:5, 

p 56-57. 

La 

0.1H 

6C4 

MARKER 
TV REMOTE CONTROL TESTER—Grid-controlled 

mvbr has sweep of 0 to 7 kc, with center 

frequency adjustable from 36 to 44 kc. Max-

imum output is 85 y peak-to-peak. Neon-

tube sweep generator operates at 1, 6, and 

22 cps. Used for testing ultrasonic remote 

50-2000 

+250 

6C4 

 o 

23 

67 

ri1_67 

0.33 

OUTPUT 

0.01 

controls.—G. Row, Sweep Generator Tests 

Ultrasonic Remote Controls, Electronics, 34:47, 
p 64-66. 
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SING-AROUND COUNTER CONTROL—Timer 

start-pulse generator is fast series-transis-

tor coincidence circuit. Stop-gate generator 

is one-shot mvbr that prevents 1N97A diode 

from passing blocking oscillator negative 

sync pulse until mvbr fires. Used to count 

number of sing-around cycles and measure 

total time in system for measuring ultrasonic 

velocity in liquids and solids.—R. L. Forgacs, 

Precision Ultrasonic Velocity Measurements, 

Electronics, 33:47, p 98-100. 
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IN 

82 
OF 100 

- IN97A 

"d'eu  I 2 
180 
K 300 pF 

INS7A 

104 2N274 1,000 
• 

DRIVER 

NEG 
SYNC 2,200 
IN 
2 70)110 g' 

pF PF   

560 2N5O1 

TRANSMITTER GATE GEN 

1,000 
1470 

NEG SYNC B.O. 

1,000 

2N501 

TIMER 
START 
PULSE 
GEN 

2N501 

ALADDIN 
94-690 

0.02 
 I(  
B.O. NEG 

SYNC OUT 

270 
•  

2N274 

EXTRA PULSE GEN 

t 500 pF 
4705 

DELAY GEN 

12 

COUNTER STOP 
PULSE IN 

EXTRA 
POS 
PULSE 
OUT 

8,200 

10K 

2N274 

4,700 

STOP 

I N97A 

(N.1 

1,000 
•-unnd 
0.02/. 
2 .7  

IN978 2N274 

22C) 

GATE GEN 

o 
o 
u-) 

T MER 
STOP 

,000 PULSE 
OUT p F o 

10K ziry974 
Kr 

RECEIVER GATE GEN 

56K 

330µµF 

39K*, 

56K 

-150V 

27 I2AU7 
V3 470K 

50K 22K 

' 0.01 

MEG 

51.1EG 

25NEG 

470 

330µµF 

220K 

-150V 

6AS6 
V4 

56K 

39 

•-• 

56 

474 MEG 

iI2AT7 5,6 
V36 k 

+300V 

C-W 

;-12AT7 

V54 

10K 

5.6K 

I2AU7 
V„ 

50K 22K 
470 

0.01 

'AA* 0 
1MEG 

0.01 

220K 

-15 

470K 56K 27K 

5MEG 

-150V 

6AS6 

V12 

4 K 

39 

56 

-150v 

12 AU7 
V,3 

50K 22K "'+. 
470 0 01 220K 

-L-

Wu o 

251.1EG 

-150V 

470K 56K 

39 
6AS6 
V,4 

4 

R -F OUT 

56 

-150V 

6AS6 

Vg 

390K 

+105V 

4-30F 

126X7 
VIO 

6.8K 

180K 22K 2.2K 

-150V 82K 

-150V 

0.01 

 1   

5.6K 

390K 

15FpF 

180K 

-15ov 

TRANSMITTER GATE 

+300V +300V 

27K 

56 

1,000HAF 

UNDERSEA PROPAGATION GATE GENERA-

TORS—Pulse-rate oscillator VI generates 

pulses with variable time interval from 0.3 

to 170 millisec for triggering rate. Normal 

operation is at 80 millisec, corresponding 

150 

. 180K 
10K 

1 8K 

+300V 

I2AU7 

78 

BALANCE 10K 

TRIGGER OUT 

I2AT 
2 
V68 

5.66 

27K 

56K 

to 12.5 cps. Trigger pulses are amplified and 

delivered to circuits that trigger transmit-

ter and delay generators for two receivers, 

and synchronize crt sweep. Used to measure 

changes in propagation time of less thon 

1,000 

I2AT 7 

,I5 

elOK 
soov 

180K 

OK 

12 AT 7 

vI6 

PULSEO 

300V 

 o C W 

GATE 
OUT 

56E ≥ 100K 1N100 

-150V 

20 microsec over direct path of up to 300 

feet in sea water.—W. C. Gore, Ultrasonics 

Tests Undersea Propagation, Electronics, 

31:35, p 32-35. 
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+2,000V 

30 mH 
+2KV 

VI 
6293 

+700V 

-= 

200 

0.101 

30 mH 

-= 

200 60mH 

1,500 
pf 

0.01:: 
0.003 

TO 
TRANSDUCER 

2,200pF TO 
TRANSMITTER 
KEYING 
SWITCH 

4..7K 

-300V 

470K 

22-KC SONAR-Key pulse allows Clapp os-

cillator to operate for 1 millisec at 22 kc, 

with keying 25 times per second.-L. H. 

Dulberger, Sonar to Survey Arctic Ocean 

Shelf Transmits Through Ice and Water, 

Electronics, 34:31, p 44-45. 

INPUT 

IS K 

47K 

0.0015 

22K 

+400V 

1K 
680e 

 It  
EFP-60 

VI 

TECHNITROL 
w2GC 

—0.01 

e-iF-4 
0.01 

IOK < 33K 

1 -0.05 

-370 - I0.5V 

56K 

I8K 

SIG 
IN 

5K 
FREO 
ADJ  

65105 
5V 

=-- 0.001 

100 100gH 

RI 

5K 
DEVIATION 

ADJ 

+630V 

=." 

0.001 

T 0.01 
100 

-6V -2.3 TO - I8V 

1N277 
C2 

0.0047 
CI 

RUN 
DOWN 
2N404 

02 

R2 

5.6K 

0.0015 

2.7K 

CI- 0.0000,100V PAPER 
C4 -0.004,1,100V PAPER 

C1 Ano cr-oepr, GE 20f1303 
R1 -201I,2W POTENTICAIETER 
R2 -10011,1W 
R3 -1000,1/2W 

114-2.21(11,2W 
113-2511,2W POTENTIOMETER 

Re- WOO, 
Arloon,w2w 
11,-2 21(0,2W 

-10K0,2W 

01 -OE 2142647 
02- GE 2112047 

SCR' - GE C20DX51 
SCR2 -GE C200531 
Zi -Z42122 
Z2 -242L22 

100-W 25-KC ULTRASONIC GENERATOR-

Frequency-doubling mode permits use of in-

expensive scr's. Load resistance is in mug-

netostrictive transducer winding L. Circuit is 

actually 25-kc inverter triggered at 12.5-kc 

repetition rate.-"Silicon Controlled Rectifier 

Manual," Third Edition, General Electric Co., 

1964, p 16 

100H 

EMITTER 
FOLLOWER 
2N404 
03 

22K 

680pF 680pF 

20 M H 

(21 
SCHMITT 
TRIGGER 
2NI67 
04 

121 
4.7K 

THYRATRON-SWITCH TRANSMITTER-Receives 

100 or 1,000-pps trigger pulse from rate 

generator and produces pulse of r-f oscil-

lations that decays from maximum peak-to-

peak of 300 If, for measuring ultrasonic 

velocity in metal test sample. Pulse jitter 

is less than 1 millimicrosec, for accurate 

measurement of time interval between ultra-

sonic echo pulses.-R. L. Forgacs, Removing 

the Jitter from Thyratron Pulses, Electronics, 

32:20, p 60-61. 

1N277 

' 2' 

OUTPUT 

•-- 300V 
Pk 
TO 

PK 

470pF 

470pF 

B.O. BLOCKING 
TRIGGER OSCILLATOR 
2N404 2N404 
06 07 

TO.0033 2.7K < 2.7K 

e.  

19.5-KC SONAR F-M MODULATOR-Used in tors. Modulator is basically sawtooth gen-

recording signals from active sonar on mag- erator whose repetition frequency is changed 

netic tape, for later playback to control by amplitude of modulating input signal. 

land-based sonar used in training opera- -M. H. Damon, Jr., Tape Target Classifier 

Trains Sonar 

p 65 69. 

-22V - Vcc 
47 

20 
330 

3.3K 

Operators, 

5 

33K 
+22V + Vet 

  SIG OUT 

— K.X 1,000 

Electronics, 33:13, 
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-F 
V2 

470K F-F V3 F-F V4 

ISK 47K 

0.001 4008F 

0.01 

+200 

4 

F- F VS 

ZIN486 
0.01 

27K V64 V6B 
4 1184486 V6 «7 0.003-000  

7 
OK 270K 270K 22M 1:11 I 581 

ISK 
'84•41 

250K 
T 

OUTPUT 
SQUARE 
WAVE 

INPUT 
FROM 

RECEIVER 

MAGNETOSTRICTIVE DELAY LINE AMPLIFIER 

—Used to reshape output signal of delay line 

used as 12-event serializer. Q3 clips two 

negative peaks of signal and 04 flattens 

pulse. Pulse width control adjusts gain of Q2 

to vary pulse width.—R. P. Rufer, How to 

Measure Simultaneous Events with Magneto-

strictive Delay Lines, EEE, 14:5, p 44-49. 

V2 TO V5EECO 28339 
FLIP-FLOP 

V6 EECO 28336 
FLIP-FLOP 

FROM 
OUTPUT 

TAP 

6 

PRF MULTIPLIER—Multiplies pulse repetition 

frequency of ultrasonic receiver by factor of 

either 4 or 8, into range between 35 and 

85 cps at which synchronous motors of indi-

cator system work best. Multiplication is 

based on controlled mvbr oscillator VI, 

whose frequency can be varied from 40 to 

180 cps by varying control voltage Vc. Multi-

plier feedback circuit acts to control this 

voltage so mvbr frequency is exact multiple, 

8 or 16, of input pulse rate.—H. F. Messias, 

Ultrasonics Measures Flow Velocity of Rivers, 

Electronics, 34:41, p 56-69. 

002,03 ,05-2812219 

+18V +24V 

L 3 
I4MH 

R  C1 
0.1 0.1 

TRIGGER 
MAGNET 

0.1 

-I  1(  *- 1 
D3 CK9I7 C5 250 1,000 

01 

L4  I4MH - + EXT 2V TO TRANÉDUCER IK 5K 
I  

6 . 8 µ F 

0.05— 
'2 

2N483 

24F 

DI 
IN295 

IN359 

03 
281483 

IK 

K r X 1,000 

2N255A 
50202 

PORTABLE FISH FINDER—Measures depth up by constant-speed motor. Magnet triggers from fish and for bottom echo.—H. C. Single, 

to 120 feet and provides lower-intensity 200-kc ultrasonic transmitter and makes Portable Depth Finder for Small Boats, 

echoes from schools of fish. Indicator is neon lamp glow at zero on circular scale. Electronics, 33:6, p 50-51. 

neon lamp at end of rotating arm driven Lamp glows again for each echo pulse 
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+200 

100 K 

TRF RECEIVER—Operates at either 85 or 135 

kc. Input impedance is 72 ohms to match 

transducer. Detected pulse of rectifier bridge 

is amplified in direct-coupled amplifier V4 

and differentiated at its output, to trigger 

one-shot mvbr V5, which in turn triggers 

transmitter and prf multiplier in computing 

circuitry.—H. F. Messias, Ultrasonics Meas-

sures Flow Velocity of Rivers, Electronics, 

34:41, p 56-59. 

33 K 680 K 100K 

15906 I 0.01 

IN FROM_________ 
RECEIVE 

+200 

V2, 125%7 

3.3M 27 M 1.2 M 27 16 

K X 1,000 

5881 

IN 
FROM 
TRANSO, 

62 

+200 

OUT TO 
PRF MULT 
TRANSM 

150 K 

6AU6A 

0.05 

OUT 
TO 
TRAP& 
OUCER 

0.005 

Vz 
6AU6A 

35 KC 100 K 
FILT 

135KC 
F1LT 

V3 
6AU6A 

2 0,1 m  
Rt0.01 — 0.01 +2000.01 - 0.01 

1M 400V  

300 
410 pF X I5K 47K I 1 61 

2.261 

V5 
1 2AT 7 

-45 

V4 
12877 

e 60K 100K 33K 

IM 

45 

15486 

25pF 

EECT:F7-74-

PULSED 30-W TRANSMITTER—Uses pulsed 

Hartley oscillator operating at either 85 or 

135 kc, followed by push-pull driver am-

plifier, push-pull power amplifier, and pow-

er amplifier that feeds 72-ohm transducer 

through step-down transformer Ql. Oscil-

lator operates for 1-millisec period con-

trolled by VI, which in turn is triggered 

by negative pulse coming from receiver 

through free-running mvbr V6.—H. F. Messias, 

Ultrasonics Measures Flow Velocity of Rivers, 

Electronics, 34:41, p 56-59. 

10011 

-L 



CHAPTER 98 

Video Circuits 

K. X1,000 

4,4K 

69K 10 T  § 
4.06 0.0-5T- 59K 4.3 

µ H 

0.1 

25K 

0.1 

4.4V 

2.2K 

0.05 50 

Input 

2.2K 

4.4 K 

0.1 

9.4 V 

1.051_ 

T 

38.6 

9.4V 

4.4 K 

1).05 ± 
66K 

T 567 

_L 

0.1 

4.4V 

2I K 23K 

¡2.2K 

-1-6.05T 
50 

180.7 

8 

0.01 

3N35 

  First stage  Second Stage 

18.2 V 

50 

CASCADED SHUNT-PEAKED STAGES-Design 

procedure is given for n identical one-pole 

stages. Bandwidth of total cascaded am-

plifier is equal to bandwidth of single stage 

multiplied by shrinkage factor of 0.64 for 

two stages, 0.51 for three, and 0.44 for 

four. Two-stage example shown gives gain 

of 8.5 and bandwidth of 2.1 Mc.-R. S. Pep-

per and D. O. Pederson, Designing Shunt-

Peaked Transistor Amplifiers, Electronics, 
33:49, p 68-70. 

0.01 

3N35 RL 
5017 

Last stage 

SILICON WIDEBAND VIDEO AMPLIFIER-Em- lector-emitter voltage. Voltage and current Inc., "Transistor Circuit Design," McGraw. 

ploys feedback around each of its three amplification are 20 db, and useful frequency Hill, N.Y., 1963, p 267. 

stages, with zener diode for stabilizing col- range is 3.2 kc to 32 Mc.-Texas Instruments 

838 
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+25V 

PREFERRED LOW-LEVEL AMPLIFIER—Serves 
as high-gain amplifier providing stable gain 
over wide temperature range, with maximum 

output of 2 v. Is noninverting, has input 
impedance of 20,000 ohms, and will operate 

into loads above 10,000 ohms. Several cir-
cuits may be cascaded. 2N333 has been 

dropped from Preferred List, but 2N335 can 
be used if operating point is adjusted for 
its larger beta. Voltage gains of 45, 20, 
or 10 are obtained for R5 = 100, 220, and 
470 ohms respectively.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-
tronic Equipment," Vol. II, Semiconductor 
Device Circuits, PSC 18 (originally PC 201), 

p 18-2. 

MIXER 

Unless otherwise stated: 

R in ohms; L in µh; 
C>linpf, C< 

5670 
Or 

6021 

Cl 
0.047 

150V 

R2 
680K 

'1Ur 

Components: 

Tube type 

5670  
6021  

PREFERRED VIDEO AMPLIFIER CHAIN—De-

signed for use in radar display system to mix 
positive radar video with positive marker 

pulses, to invert combined signals, and to 

C3 

0.047 

R4 
680K 

Unless otherwise Stated: 
R in ohms; L in µh; 
C > 1 in pf; C< 

5902 
OR 

CI 6005/6AQ 5W 
0.047 

+150v 

R5 

-150V 

RI CR I 
680K 1N645 

R2 R3 

150K 

Components: 
R3  

C2 

6005, 6AQ5W 
10KU  

R4 2.2Ktà 
R5  O  471(0 
C2 not used 0.1 to 2.0 ,f 

5902 
18K11 
2  7Ku 

INTERMEDIATE 
AMPLIFIER 

0.47 

R7 
680K 

C5 

C7 = 

R6 C5 

1800 180 pf  
2200 150  

PREFERRED BEAM-POWER DRIVER—Used in 

search radars to amplify video signals to 
60-v level required for intensity modulation 

of cathode-ray indicator. Input polarity is 
positive. Amplification is 7.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 
Electronic Equipment," Vol. I, Electron Tube 

Circuits, 1963, PC 28, p 28-2. 

RI1 
2.2K 

DRIVER 

150V 

RI5 
2.2K 

R9 
180 

-isos/ 
RIO I OK 4.7K 
500 

RI3 

C6 C7 
390 pf 100pf 
560 .150 

amplify them sufficiently to intensity-modu-

late cathode-ray indicator. Input polarity it 
negative. Maximum peak amplitude is 60 v. 
Amplification is variable from 30 to 60.— 

RI6 
47 

do 
330 

NBS, "Handbook Preferred Circuits Navy 
Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, PC 25, p 25-2. 
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TRIPLE- INPUT VIDEO MIXER— Each grid is 

biased to cutoff, so mixer accepts only posi-

tive-polarity pulses having sufficient ampli-

tude to overcome this bias.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-2. 

200V 
INPUT 

820 K 

0.1 

INPUT 

1 
68K 7- A 

4200V 

+130V 

1 M 1.2 K 

+225V 
M 

1.IM 

6BK7-A 

i60K7-A I M 
002 

3.3K 5 K I M 
39 I K 

3.3 K 3.3K 

470 

INPUT I 

100K 

22K 

INPUT 2o-1 

0.05 

INPUT 3e-
470 

-150V 

66A8 

10 
450V 

  —2 613K7-A 

0.5 
SIOK< T 200V 100 

100-MC-BANDWIDTH VIDEO AMPLIFIER— 

Shunt feedback networks around each stage 

reduce overall gain at low frequencies, trad-

ing gain for bandwidth, so that five cas-

caded stages give overall gain of 50 db. 

—J. C. de Broekert and R. M. Scarlett, Tran-

sistor Amplifier has 100 Megacycle Band-

width, Electronics, 33:16, p 73-75. 

+3 -)OV 

" 

i6BA6 
2 

5K 

-26BA8 

0.02 

PUSH-PULL CLIPPER—Accepts balanced out- ferometer system and provides both linear 

put of video preamp in microwave inter- and clipped outputs for oscilloscope.— H. L. 

HUGHES 
56 

200V 

OUTPUT 

0.05 

110 

661(7-A — 

200V— 91 
0.1 0.1 

10.5 
I 200V 

12134-A 

 CLIPPED 
OUTPUT 

0.5 
200V 

300K 560 
47K 

+300v + 10 

1450V 

LINEAR 
OUTPUT 

0.5 
200 V 47 K 

Bunn, Determining Electron Density and Dis-

tribution in Plasmas, Electronics, 34:14, p 

71-75. 
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PARTIAL-ADDING MIXER—Semiconductor di-

ode connected between plates in noncon-

ducting direction, with 1.5 y back voltage, 

reduces additive factor of common-plate 

mixer. Marker input must have sufficient 

amplitude to overcome diode back-bias be-

fore marker signal can appear at output. 

Positive radar video at input appears as 

negative output. At coincidence, radar video 

biases diode to extent that only small 

amount of marker pulse can pass and add 

to radar video.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N4-9. 

o INPUT FROM 
i- f AMPLIFIER 

3 K 

c'eV\A"--• 

5726/ 
6AL5W 
OR 

5896 

250 /211 

5 K -r0001 5 . K    /V\A  4 3 K 
•— 

0 047 

RANGE 
MARKERS 

LI 
RI 

i_ivv\r_j4.7K 

0.5 pf 

I( 
1.5 K 1.5 K 

2 i.if 

..--3001-2 2.5 le 

 I R.? 12.2K 
L2 35 

 O 

2 pf 

0.2 

µf I 4.7 K 

§6.8 K 

Bias 

Vc = - 5 v 

Ic = 10 ma 

DIFFUSED-BASE GERMANIUM VIDEO AMPLI 
FIER—Use of standard stability criteria fo 

wideband amplifiers gives current gain of 

34 db up to 50 Mc when using any diffused-

3.5 K 

base germanium mesa transistor similar to 

2N2415. D-c biasing uses both series and 

shunt feedback to each stage, enabling 

cuit bandwidth to be extended to d-c if nec-

RADAR 
VIDEO 

PREFERRED VIDEO DETECTOR— For demodu-

lating pulse-modulated i-f signals in range 

between 20 and 70 Mc. Video output pulses 

are negative, with 40 nsec rise time and 70 

nsec fall time.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 20, p 20-2. 

1000 

0.02 pf 

45 

45 

essary.—Texas Instruments Inc., "Transistor 

Circuit Design," McGraw-Hill, N.Y., 1963, p 

260. 
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200 
INPUT 

24 
INPUT 2 

100K 

+150V 

100K 1K 

OuT PuT 

RANGE STROBE MARKER MIXER—Common-

cathode dual-triode video mixer is used for 

combining two positive-polarity radar range 

strobe markers.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N4-2. 

C2 
47 

CI 

iop.r RI 

100K R 3 
2. 15K 

PENTODE COMMON-PLATE MIXER—Circuit is 

good adder for coincident inputs. Operates 

best with positive input pulses and negative-

going output.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N4-7. 

R 5 
2.2K 

+25V 

R6 
OOK 

16 OV 

02 
2N697 

55V 

PREFERRED INTERMEDIATE-LEVEL AMPLIFIER— 

Is noninverting linear pulse voltage ampli-

fier. May follow radar second detector. Min-

imum bandwidth is 3 Mc and maximum 

output 6 v. Signal polarity is positive input 

and positive output.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. II, Semiconductor Device 

Circuits, PSC 19 ( originally PC 219), p 19-2. 

C4 
4 7,0 

INPUT 2 INPUT 1 

0.01 

INPUT 1 o-1 

',PUT 2 

+ 300V 

OUTPUT 

0.1 

510K 5.1K 

MARKER-IFF MIXER—Combines 9-v positive 

markers with iff signals from 2 to 10 v.— 

NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. 1, 
Electron Tube Circuits, 1963, p N4-2. 

I0.61mo 
3.49 rno 

Cl 

lko 
0.56rno 

R2 
14.7K R4 

2.156 

PREFERRED 

pulse voltage amplifier, designed primarily 

as crt intensity modulation device, has mini-

mum bandwidth of 3 Mc. Takes positive 

input pulses and gives maximum negative 

output of 55 v.—NBS, " Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Cir-
cuits, PSC 20 (originally PC 220), p 20-2. 

+100v 

11.07 mn o 

179rno 

2NI893 

#C2 

HIGH-LEVEL 

3.32rno 

0 05mo 

02rno 

2NI893 

R8 
I.47K 

95.1V 

03 

2NI893 

43.37 mo 

AMPLIFIER— Linear 

C4 
33µ/ 

e,C5 
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HIGH-GAIN VIDEO PREAMP—Used in micro-

wave interferometer system when additional 

gain is required along with 3-Mc bandwidth. 

—H. L. Bunn, Determining Electron Density 

and Distribution in Plasmas, Electronics, 

34:14, p 71-75. 

470 

INPUT I *--1 

470e 

INPUT 2 o•-{   

27 

27 

INPUT 3 0-1 

470 

Unless otherwise stated: 
R in ohms; Linµh; 

C>linpf; C<Iinµf. 

5670 
OR 

CI 6021 

0.047 

40 
250V _ 0.02 

2 FROM 200V 
MIXER 0'25 

1 IM 620N 

+150 

R2 
4.7K 

C3 

C4 

R6 Tube type R4 

1.51(n 5670 1800  
6021 2200  

2.2Ko either  1800 

470K 

+ I50V 

470K 

THREE-INPUT TWO-OUTPUT MIXER—Uses Iwo 

separate common-cathode video mixers. 

Same heading markers are inserted into 

both mixers from input 2, while other inputs 

handle independent markers.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-3. 

470 

2.4K 

68K7-A 

0.25 
200V 

+210V 21me 

7.5rnol 

25.04 13K IX 

1M 20 

400V 20 2.4 I( 

Hi, 2501+170V  
0.02 + 110V =  

0.1 

820K: 

1.1M 

27K 

4ma +_1_ 25 
1 25V 

+210V 25mo 

6U8 

(21 I 
400V 
0.1 I 

 If- — 
USE 
300 
OHM 
TERM. 

+5V + 3V , 

1.5K: 

¡33 

PREFERRED INTERMEDIATE-LEVEL AMPLIFIER— 

Designed to amplify 1-v signal, such as 

output of mixer or cathode follower, to level 

required for input to video driver. Amplifi-

cation of 3 to 5 may be increased by cas-

cading. Use of R5 and C4 is optional.—NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. I, Elec-

tron Tube Circuits, 1963, PC 26, p 26-2. 

C3 

180 pf 47 IA 
150 17 

  270  t;s 

OUTPUT I 

0.1 
OUTPUT 2 

0.1 

+ 15 0 V 

C I 
0.047 

INPUT 1 

IM 

OUTPUT 

PREFERRED LOW-LEVEL COMMON-PLATE 

MIXER—Combining of video signals with 

pulses is occoinpunicd by irive,sion of input 

signal. Value of R4 is 270 ohms for 5670 

and 470 ohms for 6021. R2 is 680 ohms for 

5670 and 1 K for 6021. Input signals must 

be positive.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. I, Electron Tube Circuits, 1963, 

PC 24, p 24-2. 



844 SOURCEBOOK OF ELECTRONIC CIRCUITS 

+300V 
7.5K 

20 
450V 

17mo 30 —11—• 

0.01 
I.8K 

200V 
NP 0.5 IUT 

1 M 

_re 

7.5K 

15mo 1 
OR 

2.2mo 

---- 1.6K 

0.22 
_ 440V - - 
1/2 68K7-8 161 

6.34 60 
62 -I- 0.01 
 1 0.01 

TIOV 

0.22 
400V 

1/2 68K7-8 
50 

+ 
20 

450V 

1=. 
0.01 

20   
j 450V 

0.01 

gHIGH GAIN 
LOW GAIN 

3K 00pF 11.1 
470 +Kw 

• • h.,. • 

SINGLE-ENDED VIDEO PREAMP—Single-ended 

input from balanced mixer is achieved by 

terminating one arm of mixer. Bandwidth is 

3 Mc. Used in microwave interferometer sys-

tem.—H. L. Bunn, Determining Electron Den-

sity and Distribution in Plasmas, Electronics, 

34:14, p 71-75. 

26 ma 

0.001 pf 

171.) 

R, 
82 2 

TWO-STAGE WIDEBAND VIDEO AMPLIFIER 

—D-c feedback provides stable d-c operation 

for normal production spread of components 

and normal temperature variations. Supply 

voltage changes up to 25% have negligible 

NONADDITIVE COMMON-PLATE MIXER— 

Plates are coupled by diode that is noncon-

ducting because plate is at lower potential 

than cathode. If input pulses are not coin-

cident, negative pulse of sufficient amplitude 

at either input will appear at output. If 

inputs are coincident, positive pulse ap-

pearing at plate of section A will not appear 

at output unless of sufficient amplitude to 

overcome bias established by positive output 

from section B. Radar video must be applied 

to input 2, since output of section A must 

overcome 5-v diode bias.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-4. 

3K 

OUTPUT 

Vcc — 30 volts ± 25% 

6J6 
0.01 

INPUT I 0-.1 

470K 

0.01 
INPUT 2 0-1 

DISTANCE-MARKER MIXER—Uses compensated 

plate load for triodes to combine distance 

markers with radar video.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-
tronic Equipment," Vol. 1, Electron Tube Cir-

cuits, 1963, p N4-3. 

+150V 

IK 

15/4h 
OUTPUT 

0.001 11f 
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+150V 

IN 

470 
INPUT 1 

390 
INPUT 2 0—I 

270 
INPUT 3 0—I 

5977 

OuTPuT 

0.1 

THREE-INPUT VIDEO MIXER—Used in radar 

systems for combining any three of the fol-

lowing: radar video, b , range markers, 

range strobe, and azimuth markers.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N4-1. 

INPUT 1 o-

200 

INPUT 20  

INPUT 3 o  

INPUT 40  

INPUT 5 

6,16 

1100K 

1150V 

OUTPUT 

X o 
0.01 

FIVE-INPUT VIDEO MIXER—Comlines five 

radar marker inputs.—NBS, "Handbook Pre-
ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N4-2. 

1000 

INPUT 1 

INPUT 2 o  

THREE-PENTODE MIXER—Triode is used as 

phase splitter. Both positive and negative INPUT 3 0—II  

signals are combined from four inputs. High-

frequency compensation is used in common 

plate circuit of pentodes.—NBS, "Handbook 
Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-5. 

0.1 

0.1 
INPUT 4 0—I 

5977 

+150V 

INPUT 

INPUT 2 

INPUT 3 

INPUT 4 

FOUR-TRIGGER VIDEO MIXER—Common-cath-

ode arrangement with 47K cathode resistor 

allows nonadditive mixing of four positive 

trigger pulses having amplitudes in vicinity 

of 50 v.—NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, p 

N4-1. 

470 
INPUT I 0-1 

150 
INPUT 2 0—I 

470 

INPUT 3 0-1 

470 
INPUT 4 0—i 

+150V 

82K 

+ 150V 

OUTPUT 

0.1 

220 

FOUR-INPUT VIDEO MIXER—Used for com-

bining four different positive-polarity marker 

pulses in radar system.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-1. 

0.01 

470K 

—100V 

+150V 

470 

470K 

-"r1 

OUTPUT 

5784 
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INPUT 1 

0.1 
INPUT 2 0-1 

INPUT 3 

0.1 

INPUT 

5977 

FOUR-INPUT HIGH-LEVEL PULSE MIXER-
Triode in series with plate load of mixer pro-

vides for additional blanking pulse.-NBS, 

FRO M OISC 
MIXER 0.02 

8pF --117- 680K 

DISC 
FROM 

0.02 
heXER 

680K 

I.5K 

154 

69K 7-A 

68K7-A 
43 

1.0.02 
— DISC 

4 

VIDEO PREAMP-Accepts output of balanced 

mixer of microwave interferometer system. 

Bandwidth is 3 Mc.-H. L. Bunn, Determining 

PREFERRED PULSE EMITTER-FOLLOWER-Two-

stage cascaded emitter-follower is intended 

primarily as video line driver for positive 

pulses. Will drive load impedances as low 

as 50 ohms. Input impedance is about 

80,000 ohms in parallel with 25 pf. May be 

modified for negative inputs by replacing Q1 

and 02 with complementary pnp types and 

150V 

56K 

OUTPUT 

0.1 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N4-3. 

+160V 30mo 

820 

10 
450V 

+I.7V 

TO 
PUSH-PULL 

AMPL 
AND 

CLIPPER 

+I.7V 

Electron Density and Distribution in Plasmas, 

Electronics, 3414, p 71-75. 

reversing polarity of collector supply. Volt-

age amplification is 0.975 and power gain 

is 30 db.-NBS, "Handbook Preferred Cir-

cuits Navy Aeronautical Electronic Equip-

ment," Vol. II, Semiconductor Device Cir-

cuits, 1962, PSC 21 (originally PC 221) p 

21-2. 

K. X 1,000 
10 

100 K 

VIN 

163 

6.44 

I6V 

56K 

- 4.5V 

146 

10 

co 

SHUNT-PEAKED INTERSTAGE-Pole-zero can-

cellation design procedure for using shunt 

peaking gives simple cascaded broadband 

video amplifier. Gain is 10.4 and bandwidth 

is 1.05 Mc.- R. S. Pepper and D. O. Pederson, 

Designing Shunt-Peaked Transistor Amplifiers, 

Electronics, 33:49, p 68-70. 

PENTODE MIXER-Negative video plus if sig-

nals are inserted at grid, while range strobe, 

from cathode output of blocking oscillator, 

is applied to cathode.-NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube Cir-

cuits, 1963, p N4-4. 

0.1 

",PjT 

0.05 

COMMON-PLATE 

inputs, for combining mixed markers and 

radar video. Cathode resistors are unby-

passed, for gain stabilization.-NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-3. 

+150V 

100 

300 ( OUTPUT, 

0.1 

I2AT7 

TRIODE MIXER-Has two 
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o  

+150V 

R4 
2 2K 

0.047 

r 50 V 

RI 
680K 

R2 R 3 
150K 47K 

R5 
47 

5670 
OR 

6021 

C2 
330 

PREFERRED TRIODE DRIVER—Used to amplify 

video signals for intensity modulation of 

cathode-ray tube. Accepts positive inputs 

and gives negative output. Amplification is 

5.—NBS, "Handbook Preferred Circuits Navy 

Aeronautical Electronic Equipment," Vol. I, 

Electron Tube Circuits, 1963, PC 27, p 27-2. 

+120V 

IK 

INPu 

12AU7 

INPUT 2.--

4.7 K 

12AU7 

TWO-INPUT THREE-OUTPUT MIXER—Combines 

two inputs and distributes them to each of 

three independent outputs, which are con-

nected to separate indicators.—NBS, "Hand-

book Preferred Circuits Navy Aeronautical 

Electronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-3. 

VOLTAGE-CONTROLLED GAIN— Silicon diodes 

serve to vary gain of wideband video am-

plifier over range from 2 to 32 db, with 

bandwidth remaining almost constant at 12 

Mc entj input impedance constant at 10K. 

—R. S. Hughes, A Wideband Video Ampli-

fier with Variable Gain, EEE, 128, p 54-55. 

OUTPUT I 

OUTPUT 2 

OUTPUT 3 

03 

2N706A 

INPUT 0  

loon INP 
o 2 
2N744 

CI 

0.047 

- [ 50 V 

1 

+ 150 V 

R 5 
470 

R 4 

R2 RS 0 K 
150 K 

0 UT PuT 

PREFERRED LOW-LEVEL PULSE CATHODE FOL-

LOWER—Used to couple output of low-level 

video stage to resistive load in applications 

where high-duty-factor signal makes direct 

coupling desirable.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. I, Electron Tube Circuits, 

1963, PC 22, p 22-2. 

OUTPUT 

INPUT 3.— — — 

THREE-INPUT IFF MIXER—Common-plate con-

nection serves for combining three iff sig-

nals. Common cathode resistor provides 

some degeneration.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N4-3. 

loon 51n 

CONTROL 
VOLTAGE 

 eVN"  
10K 
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+I6V 

COMPRESSION AMPLIFIER—Single transistor 

serves as compression amplifier having 50 

db dynamic range, for nonsaturating ampli-

fication of widely ranging video signals. 

Provides minimum output of 1 y for 20 my 

input, but does not saturate with 6 y input. 

-59 45 

Circuit gain is minimum of 1 and maximum 

of 15. Two circuits are cascaded in actual 

application.— R. W. Cotterman, One Transis-

tor, 50 Db Dynamic Range Compression 

Amplifier, EEE, 13:5, p 46. 

MIXER-LIMITER—Common-plate mixer uses 

diode- limiting coupling circuit to nullify add-

ing feature. Bias voltage on diode sets 

limiting level.—NBS, "Handbook Preferred 

Circuits Navy Aeronautical Electronic Equip-

ment," Vol. 1, Electron Tube Circuits, 1963, 

p N4-8. 

0 047 0.047 

INPUT 2 

DUAL-GRID PENTODE MIXER— Uses 6A56, in 

which suppressor grid has cutoff charac-

teristic similar to control grid. Pulses of 

higher amplitude, such as markers, should 

be impressed on suppressor grid, since its 

transconductance is about one-fourth that 

of control grid. Chief drawback is need 

for large screen bypass capacitor.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N4-9. 

INPUT I INPUT 2 

INPUT 2 INPUT I 

470 

INPUT I 4-i 

270 

INPUT 2 

+150V 

5977 

OUTPUT 
F----"° 

0.1 

470K 560 

TWO-INPUT MIXER—Used to combine range 

and heading markers in radar system.—NBS, 

"Handbook Preferred Circuits Navy Aeronau-

tical Electronic Equipment," Vol. 1, Electron 

Tube Circuits, 1963, p N4-1. 

TRIODE COMMON-PLATE MIXER— Is good 

adder for coincident inputs. Proves unity 

gain. Generally preferred to pentode com-

mon-plate mixers.—NBS, "Handbook Pre-

ferred Circuits Navy Aeronautical Electronic 

Equipment," Vol. 1, Electron Tube Circuits, 

1963, p N4-8. 

470K 
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PREFERRED COMMON-CATHODE MIXER— 

Combines video signals and pulses from two 

inputs, as for radar video, beacon signals, 

range markers, range strobes, and azimuth 

markers. Mixer is nonadditive and nonin-

verting, can handle fast rise times, but am-

plification is less then unity and it cannot 

handle negative inputs.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. I, Electron Tube Cir-

cuits, 1963, PC 23, p 23-2. 

t O. 01 

4105 

INPUT 

INPUT I 

INPUT 2 

0.1 

INPUT 

510K 5.1K 

+300V 

OUTPUT 

RANGE STROBE MARKER-IFF MIXER—Com-

bines positive-polarity markers with iff sig-

nals, to give 8-v positive output.—NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N4-2. 

0.1 
INPUT I 0-11  

INPUT 2 

330K 

0.1 

I.2K 

- 52V 

330K 

1.2K 

TWO-PENTODE RADAR AND IFF MIXER— 

Each grid is clamped by diode to estab-

lish base line of positive input pulse at 

— 1.8 v.—NBS, "Handbook Preferred Circuits 

Navy Aeronautical Electronic Equipment," 

Vol. 1, Electron Tube Circuits, 190.3, p N4-5. 

INPUT I 

INPUT 2 

OUTPU'of 

5670 
OR 
6021 

THREE-INPUT TWO-PENTODE MIXER—Dis-

tance markers and if signals are inserted 

at separate grids on one tube, while radar 

video from input 3 is impressed on control 

grid of other pentode.—NBS, "Handbook 

Preferred Circuits Navy Aeronautical Elec-

tronic Equipment," Vol. 1, Electron Tube 

Circuits, 1963, p N4-4. 

INPUT I 
0.1 

0.01 
INPUT 2 0-1 

RADAR AND BEACON MIXER—Two pentodes 

combine two inputs into single output.—NBS, 

"Handbook Preferred Circuits Navy Aero-
nautical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N4-5. 

OUTPUT 

TWO-PENTODE MIXER—Combines range 

markers and radar video. Compensated load 

improves high-frequency response.—NBS, 

"Handbook Preferred Circuits Navy Aero-

nautical Electronic Equipment," Vol. 1, Elec-

tron Tube Circuits, 1963, p N4-4 

o 1 

INPUT 



CHAPTER 99 

Voltage Measuring Circuits 

INPUT 

VI 
I2 AT 7 

IM 

D-C 
REFER-
ENCE 
INPUT 

SAWTOOTH 
INPUT 

5687 WA 2 —2 5687WA 

RI 
5K 

Di 8i A 03 
Ni 771 IN I771 

D2 
1N3028 iN3028 

 -1300 (V2 INPUT 

R4 
470 K 0 

069 A 
IN1771 

2N428 

IN 3028 

V1INPUT 

fi 4 
. 

1011/ 

ti 

D 

PULSE 
OUTPUT 

IN3028 

D-C VOLTAGE COMPARATOR—Compares coincide.— R. D. Valentine, D-C Voltage Corn-

long-duration sawtooth input with d-c ref- parator Circuit Uses Tube and Transistor, 

erence and generates pulse when inputs Electronics, 34:24, p 66. 

RD-24C 4.5K 

V2 
60J8 

IS-

39K 2554` 

5.1K 

F 

20 pF 

39K 100 K4 

20K 

V3 .  

6C86 

V4 
6AL5 

30 K 

V, 

6CB6 

C 
0.04 

250K 

V6 
12AU7 

PEAK VOLTMETER FOR NARROW PULSES— time constan while increasing available 

Addition of dual-triode amplifier V2 to con- time for measuring peak value. Linearity is 

ventional peak voltmeter reduces charging good up to 40 v.—M. Uno, Amplifier Improves 

50K 4 

+150 V 
(STABILIZED) 

  10K 

50K 50 K 

 —200V 

(STABILIZED) 

Peak Voltmeter Response, Electronics, 37:14, 

p 73. 

850 
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0-0 

dr0 

+0  

Vs%  

1.6 k 2N726 

65I- C4 IN461,4  

1 meg 
I% ' 

1 meg 
I% 

o 

Q1 & Q2 Matched 
2N2497, 2N2498 or 2N2500 

Common 
To ± 15 v 
Supplies 

e 

8.21(3: 

e4.7 k 

_ 
3.3 k 

Calibrate 

3.3k 

8.2 k 

+ e-% - 

7" Weston 

TIX 613 Q3 

Zero Adj. 

e =on 

3.9 k 

Dov_i 

3.9 ke4.7k: 
•  

Q2 

FET-PNP D-C MILLI VOLTMETER-Differential 

amplifier uses pair of simple feedback ampli-

fiers having voltage gain of 3, output im-

pedance of 50K, input sensitivity of 20 

PROBE,- PROBE 

TIP I 500K  
IN- 3I Y w `i i 
130K Di 1 

D2 

CBS 
LDI33 42 

/ i / / 1 
0.1 / ' , 1 20 

—) i// =  
22M  

. 'N'imnr _,,,, // +210V , ,, ,„,,A X 7 
>740K_..7v jo.oi v3A 

 • 50K :i 
VI ._ ii 

VW  

Li 

IM 

470 22M 4.7M 
4.7K 

0.047 

470K 
0.01T 

5-20pF/ 
O• be }r  o 

5-20pF 
—c, o )roo • •0 

5-20pF 
 0 e 0. _ 

0-0 0  

5-20pF 

.)4* °• • 

7-45pF 

oilopI °.  1.2:17-45pF  

1-112-r1110; 0.001 
O Oo • -le )F-

VOLTS  
0.01 

0.03 

o 0.1 

o 0.3 

o 1 

o 3 

o lo 
GROUND Mt. 

(INDICATES  ALL SEGMENTS EXCEPT 
30V RMS ONE IN USE GO TO A-C GROUND 

10V BUS 

I SI 

680 

220 

100 

•••-
LIGHT MOD 

+210V 

400 

Electronic D-C Millivolt o 

Meter, 0 to ± 50 my -15 

meg/v, and common-mode rejection ratio of 

1,000 to 1.-Texas Instruments Inc., "Solid-

State Communications," McGraw-Hill, N.Y., 

1966, p 136. 

AA 
47K 

100K 

V44 
1/26AU8 

K.X 4000 

220K 

DEMOD 

V.0 

0.01 V26A0 

V51 0K 
L _ 

50 0.02 

100KC 
OSC 
Ql 

2N404 

0.47 0.05 

••--100KC FEEDBACK 

R-F VOLTMETER-Circuit generates low-fre-

quenty w...eform whose amplitude is .qui-

valent to that of unknown r-f voltage, using 

photochopper modulator V1-V2 as error de-

+210V 

MOD 
02 

2N404 

tector. Arrangement gives seven voltage 

ranges, from 10 mv rms to 10 y rms full 

scale, over frequency range of 500 kc to 

1,000 Mc.-T. C. Anderson, Measuring Low-

4.7K 

-7V 

+210V 

T-r 0.05 
100 

4-10MH 

IN90 

4,700pF 

4.7K 

1Mo 
- FS 

*----RNRUR 

+340V 
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MI 
INT. MULTIPLIER 

DUAL-RANGE D-C VOLTMETER—With switch 

in position 2, serves as standard 0-50 y d-c 

voltmeter. With switch in position 1, RI is 

shunted across 50-mv, 1-ma meter to allow 

about 3 ma through 27-v, 1-w zener diode 

CRI. CR2 diode 1N540 is for temperature 

compensation. About 27 y is then held 

across the diodes, and meter scale represents 

27 to 32 v, with sensitivity of 0.1 y d-c per 

division. R3 is used for calibration.—M. W. 

Raybin, Dual Range DC Voltmeter, EEE, 

10:12, p 31. 

105V REG 

100K 

12 AT? 

VOLT 
RANGE 

3 3 21117 
EG LL 

1▪ OAT? 

: IA tom 

6A05 
VI 

SAME AS V, 
WITH 

40 CPS FILTER 

SAME AS V, 
WITH 

180 CPS FILTER 

470 im IK 

- DIODES 
141 

20CPS 
FILTER 

C, 
apes 2 .2 MEG 

L20.176_2  

0.176 

L, 

à 

FILTER 
COMPONENT  00781 00391 

en, 00438 0.0219 
VALUES 

300 00283 0.0142 

POWER-FREQUENCY HARMONIC METER—Has 

four bandpass filters, tuned to first four har-

monics of 60 cps, and vtvm that measures 

voltage at each filter output, in five ranges 

covering from 0.3 to 30 y full scale.—R. S. 

Brown, Tuned Voltmeter Reads Harmonic 

Amplitude, Electronics, 32:3, p 68. 

0 1°1_ : 0.047 

  OUT  

SAME AS V, 
WI H 

300 CPS FILTER 

FREO L, C, 
CPS H HF 

+ 24VDC 

WESTON 
GAIN 2521 
ADJUST 50-0-50u A 
20K 

DIFFERENTIAL VOLTMETER—High-impedance 

differential-input transistorized panel volt-

meter has stable zero point, eliminating need 

for undesirable zero control. Meter com-

pares voltage under test with known zener-

regulated reference voltage. Circuit is differ-

ential Darlington-connected emitter-follower 

R, 

NOTE : 
ALL TDs HT90 
ALL SCR s 3N60 ALL XsN's 274976 

PULSE PEAK METER—Indicates peak of fast 

voltage pulse to within one of several pre-

determined voltage ranges established by 
tunnel-diode level-sensing circuit and indi-

5.61( 

25 VOLTS ] 

- 3v 

200 

I2VDC 

using pair of 2N2060's. Bias point is stabil-

ized by constant-current sync connected to 

2N1613 transistor. Accuracy is I% if un-

matched source impedance is less than 10K. 

—A High-Stability Differential Voltmeter, 

"Electronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 152. 

10-15 
VOLTS 

DUAL COIL 
REED RELAYS 

20 
VOLTS 

2o-251 
VOLTS) 

NEXT RESET 
STAGE 

12 VOLTS DC 

cated by series of exclusive-or dual-coil reed 

relays.—.I. C. Rich, Pulse-Peak Indicator, EEE, 

13:2, p 61. 
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10 
MEG 

V2 

-,6SN7 

13 1 R2 R3 

250K 50K 50K 

10 

MEG 
41" 

INPUT I 
too 
MEG 

Vt 

6J7GT 

; 6 

V3 

6.51v7 

V3 

SN7  

+450V 

y4 K. X1,000 v4 

VR75 -0+ VR75 

POLARITY 

REVERSING 
SWITCH 

-250V 

I0 
MEG 

VG 

'26SN7 

R6 R5 R4 

50K 501< 250K 

V, 

6J7GT 

200K 200K 

AMPL1F ER I AMPLIFIER 2 

HIGH-IMPEDANCE DIFFERENTIAL VTVM—In-

finite input impedance is obtained in direct-

coupled d-c amplifier by continuously and 

automatically feeding back to input a buck-

ing voltage equal to signal voltage. Use of 

both inputs permits differential measurements 

of small signal voltages at mean levels be-

tween 150 and • 300 v, for measuring 

o  

Common to 

±- 15v supplies 

1 M 

1 % 

1.6 K 

2N726 

10 

MEG 

INPUT2 
100 
MEG 

grid-cathode potentials in high-impedance 

circuits or for balancing high-impedance 

push-pull circuits. Instead of input voltage 

dividers, range resistors are used in output 

circuit. Voltage supply need not be regu-

lated.—V. D. Schurr, D-C Amplifier Expands 

Input Voltage Range, Electronics, 3123, p 

87-89. 

15v 

3.3 K 

8.2 K 
Calibrate 

2 K 

0-50 µa 

(,) 3 - TIX614 

(Dual 2N929) 

C 

651 

1N461 

3.9 K 

t 3 K 

3.9 K < 

8 2 K 

4.7 K § 

50 S2 
Zero adjustment 

Qi ± Q2 are matched 2N2386 

FET D-C MILLIVOLTMETER—Uses differential 

amplifier assembled from pair of simple two-

stage feedback amplifiers having voltage 

— 15v 

gain of 3. Input sensitivity of meter is 20 

meg per y and common-mode rejection ratio 

is 1,000 to 1. Temperature characteristics are 

reasonably good when using matched fet's. 

—Texas Instruments Inc., •• Transistor Circuit 

Design," McGraw-Hill, N.Y., 1963, p 522. 
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5K 
REF 

VOLTAGE 

UNKNOWN 
VOLTAGE 

VOLTAGE RATIO METER—Simple circuit, hav-

ing resolution better than 0.1% for meas-

uring ratio of two voltages, also serves as 

accurate null detector when difference volt-

age is less than 0.5 v. A 115-v, 6-w lamp 

limits voltage applied to meter when differ-

ence voltage exceeds 0.5 v. R2 is chosen to 

give full-scale deflection when difference be-

tween the two voltages is maximum.— P. A. 

Lenk, Circuit Permits Accurate Voltage Ratio 

Measurements, Electronics, 34:52, p 56-57. 

"Zero adj' 

5011 

IN 

RANGE ADJ. 

1 M 

7.5 K 

03 

2N 3703 

2N 3855A 

DIRECT-COUPLED AMPLIFIER— Gives high 

input impedance and low drift at low cost, 

with approximately unity gain. Uses one fet 

and three bipolar transistors. Suitable for 

FET D-C MILLIVOLTMETER—Consists of two 

circuits much like bootstrapped source-fol-

lower, differentially connected and fed by 

active current source. Input of 50 my pro-

duces full-scale deflection, making sensitivity 

20 meg/v.—L. J. Sevin, Jr., " Field- Effect Tran-

sistors," McGraw-Hill, N.Y., 1965, p 110. 

-I5v 

+ 6.7V 

04 

2N3855A 

OUT 

2K 

6.81K 

6.7V 

d-c voltmeter having 0.1 y full scale on lowest 

range. Temperature drift is low.-1. M. Col-

well, Direct-Coupled Amplifier Cuts Cost of 

D-C Voltmeter, Electronics, 39:12, p 109-110. 

+3V 

o, 
D6 2N1304 

1N482A 

- 1 5V 

HIGH-GAIN D-C PREAMP FOR VTVM—Use 

of current source as load resistor of 02 min-

mixes battery supply effect on zero setting. 

Additional current source Q5-R3-D3-D4 serves 

in place of common-emitter resistance for 

QI -Q2 to reduce sensitivity to negative sup-

ply voltage excursions and boost open-circuit 

go' i above 300. Preamp will extend 1.5-v 

range down to 500, 150, and 50 my full-

scale for voltage measurements in semicon-

ductor circuits without damaging transistors. 

—A. K. Scidmore, Low-Cost Emitter-Follower 

Extends Voltmeter's Range, Electronics, 39:3, 

p 87. 
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R1 
1N1693 < 22K 

95-135 
VRMS 
60% 

100 
MFD 
25V 

•  

D3 

1N821 

P4 

1N8 21 

05 
1N457 

200 p A 
METER 

100 MFD 
25V 

PRECISION A-C VOLTMETER—Measures a-c 

voltages between 95 and 135 y with 0.6% 

accuracy while using ordinary 2% accuracy 

meter. Zener diodes provide reference volt-

age.— D. S. Belanger, Simple Circuit Increases 

Measurement Accuracy, Electronics, 38:22, p 

69. 

R6 

12K 

R7 

3.3K 

100-V A-C REFERENCE—Accurate 100-v rms 

source is used as reference voltage for di-

vider to correlate vacuum-tube voltmeters. 

Meter is altered to zero- center, with new 

scale indicaing voltages up to 1.825 y on 

each side of 100-v center value. D-c volt-

age on one side of meter is held constant by 

zener diode, and is compared with posi-

tive voltage applied to other meter termi-

nal by divider action without stabilization. 

INPUT 

PEAK-SENSING OPERATIONAL AMPLIFIER— 

Operates as slideback sensing circuit to 

give d-c output that is proportional to posi-

tive peak of repetitive input signal. Will 

measure peaks of pulses as narrow as 1 

ntec.—"Transister Manual," Seventh Fclitian, 

General Electric Co., 1964, p 371. 

To 
multiplier 

SIMPLE FET VOLTMETERS— Uses single active 

device to indicate full scale at 1 y input, for 

sensitivity of 1 meg per volt. Bias is at 300 

microamp drain current, approximately point 

of zero drift.— L. J. Sevin, Jr., " Field- Effect 

Transistors," McGraw-Hill, N.Y., 1965, p 109. 

Initia! standardization is done by adjusting 

input controls for 100-v output as determined 

by reference standard. Output potentio-

meter 15 then adjusted to make meter cor-

respond ( center of scale). Three diodes pro-

tect meter when unit is turned on.—Stan-

dardized AC Voltage Reference Source, 

"Electronic Circuit Design Handbook," Mactier 

Pub. Corp., N.Y., 1965, p 151. 

IK 750 
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INPUT 

J4 

+3V 

-1.5V 

R2 

D-C PREAMP FOR VIVM—Prevents damage to 

transistors when making measurements with 

1.5-v or 3-v range in semiconductor circuits. 

Feedback from Q3 to 02 gives stability and 
linearity. Circuit can extend range of 1.5-v 

vtvm down to 500 or 150 mv full scale, 

but is sensitive to supply voltage variations 

and has open-circuit gain of only about 50. 

—A. K. Scidmore, Low-Cost Emitter-Follower 

Extends Voltmeter's Range, Electronics, 39:3, 

p 87. 

1m 
CI 

(000pf 

 • A2 

CR3 

1N459 

R14 IN459 R15 

10K 

 41 +18 

CR4 

J6 

O 

1.00 
dc 

0'17 

R1 1 RIO 

J80.4  150K 150K 
R12 

150K 
-die. •  
50K 

RI6  + 150 
CR2 2.2M 

14  150 
IN459 R9 

47K 47K 2.2 PA +PEAK MEMORY  

(E+Ac) 

+150 

33K 

1.5M 

6112 

R7 
IM 

150K 

R8 
Ni/s.  

J90 

150 

K 2 LI K 3 

R6 -(E-e) 

1 M 

1O--1 
1000pf 

10 

J13 

R14 CR4 R15 

10K 1N459 10K 

1.0u f 
CI - 

K 1 1 0 

0J15 
RI I R10 

150K 150K 
RI3 R12 

+150 

33K 

1.5M 

6112 

150K 

R3 
IN 

R4 

I M 
A l4 

-150 

13 

J 7 0  

 o 

 0-43 

-(E+e) 

(E +e) 

 OJI6 
• 

CR 3 150K 

IN45• 9 

150K 
RI6 

2.2M 

474 47K 

ICR2 R9 
2.2M 

04r.A.  

PEAK-VOLTAGE MEM- ORY—When properly 

balanced, will measure voltages in range 

from 0 to 10 cps with average error of 

0.5%. Used with conventional digital volt-

+150 

150 

—PEAK MEMORY 

5 

(E- e) t<6 

IN 1 M 10M 

R12 r 
OUTPUT 
• 111 

RI6 

68K 

R11 
'A% • 

68K •1> 
I M 

R IO 

I M 
IN459 

I A. 

R15 
R17 

47K 47K ., 
470 470K 

+150 - 150 

circuit. Used for measuring low-frequency 

meter. Stores low-frequency positive and voltages in servo systems.—W. V. Weiss, 

negative peak-voltage excursions in memory Peak-Voltage Memory Measures Low-Fre-

capacitor whose linear charge characteristic quency Voltages Accurately, EEE, 10:7, p 

is controlled by operational-amplifier limit 80-55. 
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811 110 100K 
3V COPPER 

K=X1,000 

TRANSISTOR VOLTMETER—Has input imped-

ance of 1 megohm per volt. D-c amplifier 

provides gain of 100,000.—W. Mosinski, 

Transistor Voltmeter is Accurate, Linear, Elec-

tronics, 32:4, p 56-57. 

PEAK VOLTMETER—Auxiliary flip-flop com-

pares input pulse with voltage already on 

integrating capacitor. Flip-flop then auto-

matically adjusts capacitor charge to match 

DIFFERENTIAL FET VOLTMETER—Two single-

ended circuits connected back to back give 

sensitivity of 1 meg/v.—L. J. Sevin, Jr., "Field-

Effect Transistors," McGraw-Hill, N.Y., 1965, 

p 110. 

e 1m 

à 

HYBRID VTVM—Transistor in each side of 

balanced vtvm reduces output impedance to 

fraction of ohm, making meter reading in-

dependent of aging of tubes.—J. J. Foran 

Jr., Hybrid Vollmeter Avoids Aging Errort 

Electronics, 36:38, p 41. 

D-C 
VOLT-
METER 

+20V 

peak voltage of input. Q2 is integrator, 

controlled by flip-flop Q1-02.—R. P. Mac-

Kenzie, Novel Design Peak Voltmeter, Elec-

tronics, 33:25, p 57. 

2N2497 

-100pa 
25K 47K 

Colib.adj" 

el2K . 12K 

2.5K 

"Zero adj' 

10K 

  v 

BALANCED VTVM—V1 operates at low plate 

current to keep grid current small; V2 op-
erates normally to drive meter circuit. R1 is 

switched for voltage ranges. Chief draw-

back is that aging of tubes increases their 

output resistances, making meter read low. 

—J. J. Fortin Jr., Hybrid Voltmeter Avoids 

Aging Errors, Electronics, 36:38, p 41. 
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1 
CL- 703- CL 

A 

CONDUCTIVE 
GLASS 

D-C 
INPUT 

27K 
Neer -

120V 
60 CPS 

NI 
NE- 2H 

Di 

INPUT 

N2 
NE-2H 

D2 

4 

•  —•  

P2 
CL- 703- CL 

TO 
VTVAII 

500K 

PHOTOCELL CHOPPER—Allows millivolt d-c 

voltages to be measured accurately with 

ordinary average-reading vtvm. Neon lamps 

are fired alternately by rectified 60-cps line 

voltage, causing Clairex photocells to alter-

nate between low and high resistance states 

and thereby chop d-c input voltage being 

measured.— I. Queen, Chopper Adapts Volt-

meter to D-C, Electronics, 38.22, p 66-67. 

VOLTAGE DIP COUNTER—Each time a-c line 

voltage drops below adjustable threshold 

level, thyratron fires and operates electro-

magnetic counter. Used to count dips that 

might affect computer operation.—T. D. Kor-

anye, Thyratron Monitors Line-Voltage Dips, 

Electronics, 34:1, p 126. 

IN 3606 6.8K IN3604 

A-C OPERATED PEAK-READING VOLTMETER— 

Uses tunnel diode and silicon controlled 

switch to give d-c output proportional to 

positive peak of input signal.—"Transistor 

Manual," Seventh Edition, General Electric 

Co., 1964, p 371. 

LOW 
REFERENCE 

UNKNOWN 
VOLTAGE 

NIGH 
REFERENCE 

0.5 
200V 

I Id 
V, A 

GO-NO-GO VTVM—For applications in which 

voltage with specified tolerance must be 

monitored by unskilled production- line per-

sonnel. Three lamps indicate voltage. Go 

band can be as narrow as 0.1 v. Basic 

range of 100 y can be extended with 

dividers.—A Go No-Go Vacuum Tube Volt-

meter, "Electronic Circuit Design Handbook," 

Mactier Pub. Corp., N.Y., 1965, p 156. 

PRESET VOLTAGE-LIMIT MONITOR—Used in 

automatic testing equipment to determine 

if voltage is within required go-band. Uses 

complementary transistors in blocking oscil-

lator circuits with high input impedance and 

with low hysteresis at switching limits.— L. 

Smith, High-Impedance Voltage Monitoring 

Circuit, EEE, 12.4, p 65. 



CHAPTER 100 

Welding Circuits 

MEASURING SPOT-WELDING CURRENT—Tor-

oid placed around one of welder electrodes 

develops voltage that is function of rate of 

change of magnetic flux produced by alter-
nating current flowing through weld. Peak-

reading o-c electronic voltmeter is used vo 

measure resulting voltage across toroid. Se-

lector switch positions are: 1—no signal 

input; 2-0 to 15,000 amp; 3-0 to 30,000 

amp; 4—calibration.—J. Markus, "Handbook 

of Electronic Control Circuits," McGraw-Hill, 
1959, p 326. 

115V 

I I 5 V 

K X 1,000 

SOLENOID 
VALVE WXFEOLRDMER C 

0-1 

70K ZERO ADJ 

150 300 

A -C LINE 

27K 
C3J 

27K 0'005 
5IK 

ve 

)1--
4.7 K 

I I 5 V 

V9 C3J 
27K 

—0.005 
27K 

IGN I IRONS 

5IK 

4.7 K 

2050 
A - C 
LINE 

05 
14  

C6 

0.25 

1 MEG R6 

OFF 

5IK SINGLE/REPEAT 
SW 

07 
14 

21K 

S 

C2 

R2 
3MEG 

13 

D, 

2050 2050 
V5 

D6 

R5 2.5MEG 
CI 

HOLD 0.25 

R3I MEG 
SQUEEZE 

•  

3 
MEG 

3 
MEG 

C7 

0.5 

.5" 
—C3 R41 MEG C 

0..5" 0.5 WELD 

• 

51 K 
R7 

51 K 

27K 

5IK 

2050 

TIMER FOR RESISTANCE WELDING GUN— cycling, by control of thyratrons Can be op- for fail-safe operation.—J. Markus, "Hand-

Provides exact timing control for squeeze, crated anywhere from single-shot to over book of Electronic Control Circuits," McGraw-

weld, and hold, as well as fast-repeat re- 600 spots per minute. Timer is designed Hill, New York, 1959, p 322. 
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L2 

INITIATING 
SWITCH 

RELAY 
NO.1 

2050 

TO AIR 
VALVE 
CF 

WELDER 
HEAD 

2050 

  TO WELDER 
 4_ CONTACTOR 

••••• 

RELAY 
NO.2 

+WELD 
C2 '''_TIMING 

 • - 70, T 4 R3 
SQUEEZE 
TIMING 

1 + HOLD 
T . TIMING 

2050 

6 
41R6 

OFF 
TIMING 

"Handbook of Industrial Electronic Control 

SPOT-WELDING TIMER—Five-thyratron se- meets auto industry requirements for effici- Circuits," McGraw-Hill, New York, 1956, p 

quence timer for resistance-type spot welder ency and reliability.—J. Markus and V. Zeluff, 343. 

— — 

A-C SOURCE 

WELD INITIATION 

TERMINALS 

220V A-C 

WELD 
CYCLE 
.R 13 

>;1 MEG 

I/ 

PART OF T3 
(MAIN POWER 

11 

INDICATOR 
LIGHT 

R14 
68K 

GALS RI5 
V5 250K 

RII 
UP SLOPE 500 R16 

K LOW 2.5MEG 
HEAT 

R10 
5IK 

DOWN 
SLOPE 510K 

560K 

10K 

1 

PART OF T3 11 15K 
(MAIN POWER) 

4K 

6AL5 I5K 0.1 

5IK 390K 

5.IK 5.IK 

V9 

2K 

6C4 
V8 ÇIMEG 

R19 

IMEG 

C7 

0.01 

R2I 
25K 

R18 

WELD R20 
4.5K HEAT 25K 

2D21W 
5IK V10 

TO V1 

HEATER 

100K 
0.0005 

TO V2 

HEATER 

NL7I0 
VI 

NL710 

V2 

75K 

0.0005 

> 8.2K 

0.022 
K1 

30K 

2021W 
VII 

0.0005 

0.01 

+300V 
25K R23 

250K 

R22 
330K 

75K 

T.0.0005 
R1 

100K 

C3 

T0.0033 

5IK 

R5 

0.047 
2D2I1V C8 2D2IW 

30K V12 0.03 30K VI3 

0.0005 

R6 

2.2K I5K 

-150V 

0.0005 

25K 

THYRATRON 
IN  

HEAT PROGRAM TIMER—Controls weld ener- tions controlled are low heat, weld heat, changing each of these times.—A. V. Ranis, 

gy for production-line welding of electron up-slope time, weld time, and down-slope Heat Program Timer Controls Weld Energy, 

tubes and other small components. Func- time. Adjustable potentiometers permit Electronics, 31:23, p 76-78. 
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115 V -11-C 

I I 5 V A-C 

Ti U75-MA RECT 

,^^V, 

100 100K 
NA/ 

0.5 

510 
pyF 

TH Y RAT RON 
FIRING CONTROL 

677 WELDING 
6 

B-

TRANSFORMER 

5557/ FG17 

100K I2K 

0.1 0.1 

100K I2K 220 

c°55. ioo 

VOLTAGE 
REGULATOR 
OD3/VR 150 

750 

R, 

60 

I5K 

750 
R3 

100 470K 
C3 

470K 

7 
K 10K 
I Me 

0.5 

HEAT 
CONTROL 

R. 

47K K2 

15K 

4 
C4 

100 

EXTERNAL 5557/FG 17 
INITIATING FULL-WAVE RECTIFIER 
SWITCH 

0.005 

METAL-FOIL SPOTWELDING CONTROL-Per-

mits precise control of high-energy capacitor 

discharge used in welding extremely thin 

and highly conductive foils or fine wires. 

Heat control provides range of 650 to 1,500 

I. 
115 V 

I I 5 V 

C6 

0.25 

IMEG R6 

OFF 

SOLENOID 
VALVE 

ELECTRODES 

CAPACITANCE 
SELECTOR 

B+ 

K. X 1,000 

for level at which energy is stored, and 

selector switch gives choice of 50, 100, and 

200 mfd for storage capacitor.-J. Markus, 

"Handbook of Electronic Control Circuits," 

McGraw-Hill, New York, 1959, p 321. 

A -C LINE 

4.7 K 

27K 

II 5V 

C3J 

A- C 
LINE 

2050 

D5 

51K SINGLE/REPEAT 
SW 

RS D 
3MEG 

INIT 
SW 

D7 
14/ 

C4 

S 0.51 27K 

FOUR-FUNCTION WELDING TIMER-Thyra- vides ail-safe operation, 

trons serve as relays for controlling squeeze by accurately adjusting ignitron firing angle, 

time, weld time, hold time, and off time in 'Hod gives to.t.urute repetition of timing cycle. 
high-speed resistance welding. Control pro- -S. C. Rockafellow, Electronic Control Times 

s2 
R2 
3 MEG 

e-
2050 

13 

4-0.5 

2050 
V5 

C2 R5 2.5MEG   

0.51 HvI-u 0.25 

n CI 

D6 

R3I MEG 
SQUEEZE 

reduces transients 

3 
MEG 

5 

WELD 
XFORMER 

V9 

IGN I T RONS 

C3J 
27K 

_0.005 
27K 

51K 

R4 I MEG 

WELD 01  

51 K 
R7 

51 K 

27K 

51K 

2050 

High-Speed Welding Cycle, Electronics, 31:33, 

p 70-73. 
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71,N0.14 NO .18 EN COP WIRE 
1-1N DIA 2.5-1N LONG CLOSEWOUNR2i-IN.DIA 15 IN LONG 
WOUND ON RESISTOR 10,000 ).(3 

60-AMP AUTOTRANSFORMER 

HEAVY-DUTY WELDER CONTROL—Flip-flop 

thyratron circuit makes pairs of ignitrons 

share load alternately, to prevent overload-

ing of tubes when welder is used for 

heavier weld or for longer time than origin-

ally intended.-1. Markus and V. Zeluff, 

"Handbook of Industrial Electronic Control 

Circuits," McGraw-Hill, New York, 1956, p 

342. 

330K 

230V 
60CPS 

470 2.2 

Hf- 5 

SI 

CLOSED- AUTO 
OPEN- MANUAL 

0.05 

19K 0.03 6ANB 22K 

V2 

0.1 330K 

R, 50 ."  

1.8K 300K 6V ----

(2) 
1BK eHB-211 

150 
2N49I 
06 

2N670 
07 

IN660 

(2) K-200 

15660 

2N670 
09 

THIN-FOIL WELD CONTROL—Control circuit 

VT, 

+150V 

0.01 
H, 33K 

2N44I 
06 

220/7,200V 
AMP 

INDUSTRIAL BRAZING CIRCUIT—Applies high 

r-f power peaks in short-duration pulses, 

such as 11 kw for 2 sec or 45 kw for 0.5 

sec, repeated every 5 sec. Settings of time-

delay relays RE1 and RE2 determine pulse 

lengths.—J. Markus and V. Zeluff, "Hand-

book of Industrial Electronic Control Cir-

cuits," McGraw-Hill, New York, 1956, p 340. 

SECONDARIES OF TRANSFORMERS HERE 
ARE PHASE- SHIFTED TO FIRE THYRATRONS 
v To AND VT4 AT DESIRED POINT IN VOLT-

AGE WAVE 

FLIP-FLOP CONTROL 

HE AT CONTROL 

25534 

2544 25462 

0 “2 oil 

0.02 

6.8K 

2.2K 

502a 

820 
27K 

vT 

WELDING 
TRANS-
FORMER 

A -C LINE 

0.02 ZH13-2 

2.7K 50 

_L 

0.01 001 

pulses for rates up to 15 welds per second 

uses gated rectifiers to generate welding in foils up to 10 mils thick.— D. D. Kline, ics, 33:36, p 48-49. 

11 

2N672 

WELD 

-24V 

230V 
60'1, 

WELDING TRANSFORMER 

1 10V 1 
1,500A 

Automatic Welder for Thin Foils, Electron-
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PRECISION WELD INTERVAL TIMER—Stable 

timer provides intervals repetitive to ac-

curacy of 0.75%, from 1 to 110 sec in 

1- sec increments. Can be used for welder, 

enlarger, and other industrial controls.--J. 

Markus and V. Zeluff, "Handbook of Indus-

trial Electronic Control Circuits," McGraw-

Hill, New York, 1956, p 292. 

27 V 
60 CPS +90V +250V INITIATING SWITCH 

C, 10 
STARTING RELAY 
STARTING CIRCUIT 

R-F GENERATOR 

RL. 

TD, 

RI... GENERATOR RELAY 

RL, 

TRIGGER RELAY 

100,000 

0.002 
TRIGGER 500,000- 8CIRCUIT AMP DIFF R. 
10,000 

-80V 

SAFETY RELAY + 250V 

SECONDS 
360,000 EACH 

10f 9 8 7 1 0 100 
XI 

A-C 
LINE 

6AL 5 + 200V 

e 

0 V 

+10 

-200 V 
10 

36 MEG EACH 

30 20  00 
X10 

RECYCLE 
20 21 

1 MEG 

412% 
CT 

 o LOA D o  

I 27V 
60CPS 

RL2 
DELAY CIRCUIT 

30H 
0000 

TD2 +90V   

27V I27V 60CPS 60 CPS 

4 -80V  
10,000 

CURRENT-SLOPE CONTROL FOR RESISTANCE 

WELDING— Varies buildup and decay rates 

of current, to increase weld quality and uni-

formity. Consists essentially of variable re-

sistance inserted in phase-shift circuit of 

main welding control.— J. Markus and V. 

Zeluff, "Handbook of Industrial Electronic 

Control Circuits," McGraw-Hill, New York, 

1956, p 340. 

8 
8 

230V A-C 
39K 

4 

5Y3GT 

-.* 1.§ 60 
--127 V 

250K DOWN SLOPE TROL 

PHOTOELECTRIC WELD MONITOR—Shuts off 

r-f generator automatically after copper flows 

when welding exhaust tubulation to metal 

vacuum tube. Light is reflected by molten 

copper into phototube that initiates shut-

down, with 0.6 sec delay introduced inten-

tionally to allow copper to flow around 

entire seal.—J. Markus and V. Zeluff, "Hand-

book of Industrial Electronic Control Cir-

cuits," McGraw-Hill, New York, 1956, p 344. 

PHASE - SHIFT CONTROL STAGE 

025 
C1 -'•••• 

.... pej 2 MEG INITIAL HEAT CNTROL 
250K 
r 

9 

9 
9 

6HE 

025 
MEG /CLAY ONTROL 

2050 
V, o 

lOOK DOK 

0,1 
9 

9 

00i< 

100K 

V62 
'464S79... 
5 6257 

IOUTRI 
 J TRANS-FORMER 5, 

6H6 MAX CALIBRATION HE AT 

2050 

o 

TO WELDER IGNITRON 
FIRING CIRCUT 

INITIATING SIGNAL K.x 1,000 FROM WELDING TRANSFORMER 

PHASE-SHIFT C RCuiT 

LINE 
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252646 

12 VOLTS 

MODULATOR CONTROL FOR FULL-WAVE SCR 

SWITCH—Used with high-power a-c scr 

switching circuit to provide regulation by 

varying ratio of full on cycles to full off 

cycles of supply voltage. Also suitable for 

oven and furnace temperature control, motor 

Rn 
2 

MEG 

CR6 I 
15645 c) 

IN64S 

I CONTROL 
EL MONA L 

OK ON 
SWITCH 

CON T ROK 

control, and flashers. With RIO at 10K, var-

iation of R11 from zero to maximum pro-

duced 40:1 load voltage swing.— F. W. Gutz-

wilier, RFI-Less Switching with SCRs, EEE, 

12:3, p 51-53. 

IN 
FROM 
WELD 

30V 
60 , 

100 

75-84 — 

IN GATE FROM 
SOUENCHING 

10K 

47K 

WELD - 30V 
HEAT 
INTERVAL 47K 

0, 02 
2044 100K 

2N398 

, 2.7 K 270 

150K 
+ 300 V 

+ 300V 
150K 470K 

V, 
I2AX7 

150K 
MEG 

-300V 

- 12 V e 
tooK5 

+ 30V 

+300V 

'MEG 

NE- 2 NE- Z NE-2 

104p.F 200K 

300 V + 300V 

200K V2 

4,7 
MEG 

300V 

2.21( 150K 
82K 

WELD 
HEAT VprieH 
SIGNAL   

WELD 
HEAT 

INTERVAL 

10K 
COMMAND 

WELD TEMPERATURE CONTROL—Welding 

voltage passes through transformer for syn-

chronous rectification to give signal for op-

erational amplifier V1-V2. Output, which is 

integral of difference between command 

voltage and resistive input voltage, is used 
to provide correct fusion temperature under 

varied welding conditions.—G. R. Archer, 

Feedback and NOR Logic Yield Sound Spot 

Welds, Electronics, 33:8, p 48-51. 



Index 

Acceleration, measurement, 731 
Accelerometer, d-c motor control, 406, 407 

digital-analog converter, 32 
distance measurement, 307 
falling-sphere switch, 424 
motor-controlling, 408, 410 

Acoustics, measuring auditorium, 309, 787 
Adapter, compactron f-m stereo, 693 

fet curve tracer, 764 
f-m stereo multiplex, 691, 694 
marker beacon, 80 

Adder, cascade, 82 
drain- coupled, 81 
full, 123 
half, 121 

Afc ( see Automatic frequency control) 
Agc ( see Automatic gain control) 
Air navigation (see Beacon) 
Air traffic control, beacon decoder, 78 
Aircraft, 75-Mc marker beacon receiver, 77 

75-Mc three- light marker beacon receiver, 76 
243-Mc crash beacon, 80 
automatic multiple-antenna phaser, 467 
autopilot fader control, 130 
autopilot failure alarm, 118 
capacitance-type fuel gage, 86 
five- zone passenger public-address amplifier, 43 
fuel- flow gage, 350 
one- light marker beacon, 79 
three- light marker beacon adapter, 80 
(See also Beacon) 

Alarm, 27.12-Mc diathermy frequency drift, 212 
200-Mc r-f radiation, 6 
analog computer overvoltoge, 5 
autopilot malfunction, 118 
avalanche warning transmitter, 2 
balanced-capacitance fence, 86 
battery standby supply, 507 
bootstrap integrator, 312 
capacitance- bridge intrusion, 88 
capacitance- sensitive intrusion, 87 
computer fault- location, 3 
differential voltage or current, 6 
electronic doorbell, 7 
flying- spot scanner sweep failure, 696 
high- voltage, 5 
illumination rise, 7 
intrusion foil- loop, 1 
lamp burnout, 7 
locked-up gyro, 6 
low-voltage, 5 
microwave system coder matrix, 3 
microwave system fault, 272 
missing- pulse, 6 
multiple- input overvoltage, 4 
multiple- input scs, 6 
over- or- under- voltage, 119 
parking meter, 293 
phase- sensitive infrared intrusion, 5 
photographic film break, 131 
power-failure, 1 
power loss on one three-phase line, 474 
proximity-switch intrusion, 86 
pulse- coded microwave system fault, 3 
radiation, 560 
radiation stopped- count indicator, 567 
resistance- triggered, 7 
road icing, 758 
short-circuit, 4 
signal dropout, 7 
signal- powered, 7 
siren power amplifier, 4 
siren preamplifier, 2 
supply voltage failure, 502 
temperature rate-of- rise, 1 
transient spike pulse, 4 
transmitter vswr, 362 
varying-frequency tone generator, 4 
vhf intrusion, 4 
voltage- sensing scs, 5 
wailing- siren, 5 
warble generator, 3 
zone coding generator, 2 
(See also Protection) 

Alternator, frequency-control discriminator, 203 
static solid-state, 314 

Altimeter, onercid-driven copriritnr in datum 
stabilizer, 87 

Ammeter, integrating, 308, 369 

Amplidyne control, electric spark machining, 129 
Amplifier, 0-25 kc strain gage, 366 
0-250 kc unity-gain, 15 
0.01-100,000 cps differential, 117 
0.2-5 cps direct-coupled, 582 
0.3-70,000 cps ecg, 380 
1 cps-30 kc micropower, 13 
1 cps-40 kc microvolt- signal, 21 
1 cps-500 kc low- noise, 22 
1 cps-1 Mc direct- coupled, 9 
2-cps foetal heartbeat detector, 389 
2 cps-20 kc, 9 
5-10,000 cps, 385 
5 cps-72 kc broadband, 10 
6 cps-300 kc gain- stabilized, 17 
6.5- cps air- leak detector, 17 
10-cps push-pull, 362 
10 cps- 10 kc bootstrapped source- follower, 10 
10 cps- 1130 kc microphone, 498 
10 cps-1 Mc cascaded emitter-follower, 22 
10 cps-1 Mc unity-gain fet, 20 
15-15,000 cps lock- in, 568 
15 cps-200 Mc cascade mas fet, 13 
15 cps- 200 Mc common-gate mas fet, 8 
17 cps-35 kc RC-coupled fet, 23 
30-1,500 cps passive- redundancy, 28 
46- cps with 8-cps bandpass, 294 
50, 60, and 400-cps servo, 656 
50-2,000 cps feedback-stabilized, 589 
50 cps- 1 Mc complementary current multiplier, 24 
50 cps- 3.5 Mc emitter-follower, 27 
60-cps bandstop, 18 
100 cps-230 kc with high input impedance, 25 
100 cps-500 kc diode- stabilized bias, 28 
100-1,000 cps, 390 
400- cps high- impedance, 81, 82 
400-cps inverter power, 319 
400-cps servo, 653 
400 cps variable-gain inverter, 315 
1 kc-500 kc high- input- impedance, 27 
3.2 kc-32 Mc silicon video, 838 
7-kc cable-driving, 370 
16-kc operational, 29 
50-kc operational, 29 
50-kc push-pull class- S, 320 
50-100 kc, 171 
100-kc wide-band 4-w, 28 
200-kc fixed-gain, 64 
200-kc high-impedance parametric, 27 
500-kc cascade, 248 
500-kc delay- line-tuned, 282 
1- Mc-bandwidth discriminator, 9 
2-Mc unneutralized common source, 10 
2.2- Mc radar power, 548 
3-Mc bandwidth, 846 
3.58-Mc color burst, 753 
4.7-Mc two-stage 2N1937, 22 
8-Mc limiting, 331 
10-Mc tuned fet, 15 
10-Mc unity- gain video, 628 
30-Mc 8-w linear ssb, 13 
30-Mc 20-w single-sideband, 8 
30-Mc double-tuned, 19 
30-Mc gain- controlled tetrode, 60 
30-Mc hybrid gain control, 59 
30-Mc low- noise, 12 
30-260 Mc grounded- grid broadband, 11 
35-Mc steerable antenna control, 466 
50-Mc 40-w single-sideband, 8 
50-Mc 2N2410 power, 29 
50-Mc diffused- base video, 841 
60-Mc 2N743, 25 
60-Mc low- noise, 12 
60-Mc small- signal, 12 
60-90 Mc voltage-tuned, 18 
70-Mc 0.5-w, 14 
70-Mc neutralized gain-controlled, 58 
/5-Mc marker beacon, 77 
100-Mc bandwidth, 745 
100-Mc-bandwidth cro, 94 
100- Mc-bandwidth video, 840 
100-Mc cascaded three-transistor, 20 
100-Mc insulated- gate fet, 8 
100-Mc neutralized common-source, 10 
160-Mc 2-w 4-m, 254 
160-Mc 15-w power, 255 
160-Mc 15-w three-transistor power, 803 
160-Mc wideband class C, 16 
173-Mc 400-mw power, 21 

Amplifier, 175-Mc f-m mobile, 796 
175-Mc r-f stage, 578 
180-Mc class C power, 806 
190-400 Mc broadband, 242 
200-Mc gain-controlled, 63 
200-Mc neutralized fet with 12-Mc bandwidth, 

14 
200-Mc noise- measuring, 358 
200-Mc pulsed distributed, 554 
250-Mc 12-w, 9 
250-Mc military vhf band, 20 
250-Mc power, 29 
400-Mc low- noise, 145 
445-Mc tunnel-diode, 18 
450-Mc, 26 
450-Mc aeronautical navigation band, 25 
450-Mc gain- controlled, 59 
470-890 Mc, 023 
500-Mc neutralized, 23 
500-Mc small- signal, 24 
600-Mc cascode, 26 
1,000-Mc wideband video, 512 
50-db dynamic-ronge compression, 848 
100-db gain for distortion monitor, 27 
250,000- gain integrator, 306 
0.5-ohm source impedance, 23 
50-meg input impedance, 12 
100-meg input impedance, 15 
250,000-meg input impedance, 174 
10-nsec pulse, 126 
12-v power supply reference, 614 
21-v power supply reference, 593 
1-w differential audio, 297 
2-w servo, 646 
5-w servo, 651 
6-w servo, 656 
200-w siren, 4 
a-c coupled low-noise cascade, 19 
agc fet, 62 
attack control amplifier, 676 
audio with 40-db agc, 58 
beta- independent gain, 782 
boosting input impedance, 16 
bootstrapped fet source- follower, 19 
bootstrapped fet with 30-meg input 

impedance, 18 
bootstrapped source follower, 10 
broadband differential bootstrap, 82 
broadband radar speed meter, 545 
buffer and logic, 301 
cascaded common-base uhf doubler, 259 
cascaded shunt-peaked video, 838 
cascade follower, 12 
cascade integrated-circuit chip, 301 
cascade video tape, 715 
cascaded nuvistor-transistor, 734 
CB transmitter, 795 
CCTV receiving terminal, 740 
character-generator deflection, 102 
chopper-type d- c, 472 
chopper- type summing, 103 
chopperless differential, 174 
color-tv luminance, 751 
complementary- transistor Darlington, 24 
compounded emitter-follower, 13 
computer readout, 121 
constant- current, 768 
constant-current diode load, 18, 29 
constant-gain differential, 12 
constant-Q, 442 
core-sensing, 673 
counter bootstrap, 685 
cro marker pulse, 96 
crt horizontal, 98 
crt unblanking, 95 
current-derived stabilization, 9-11 
current-difference, 591 
current-summing operation, 177 
Darlington beta-squaring, 24 
Darlington broadband, 14 
Darlington output stage, 194 
Darlington-pair servo, 645 
Darlington sync distributor, 737 
d-c lamp-driving, 387 
difference, 356, 387, 628 
difference for cctv microscope, 32 
differential, 62, 140, 388, 415, 506, 596, /23 
differential a- t, 143 
differential analog, 30 
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Amplifier differential battery-charging, 74 
differentia current compression, 174 
differentia drive for transfluxor, 30 
differentia low-hysteresis trigger, 819 
differentia low-voltage alarm, 5 
differentia memory-sensing, 124 
differentia pulse width measurement, 630 
differentia regulated power supply, 592 
differentia video, 744 
digital-analog compute, 34 
digital-analog hold, 37 
digital data read, 721 
digital data write, 722 
direct- coupled a-c, 10, 11 
direct-coupled mas fet, 15 
double-bootstrapped fet, 21 
emitter- squared follower, 13 
error- rate compensation, 663 
expanded-scale swr meter, 373 
fet source-follower, 11 
flux-controlled transistor, 12 
gain-controlled logarithmic, 26 
gain- stabilized conversion feedback, 645 
gated telemetry receiver, 723 
gyro pitch servo, 659 
gyro vibration, 98 
Hall-effect field coil drive, 413 
Hall-effect plate drive, 416 
high- gain clipping, 54.4 
high-gain video, 843 
high- voltage pulse, 512 
i-f transistor cascade with agc, 63 
incremental R-C oscillator, 669 
improved Darlington, 298 
infinite- input- resistance mas fet, 26 
infinite- input- impedance unity-gain, 28 
infrared horizon sensor, 289 
infrared width gage, 290 
integrated-circuit sense, 301 
integrated d-c operational, 305 
integrated output buffer, 305 
integrated voltage reference, 614 
integrating operational, 379 
inverter, 96 
ight-pen, 92 
ogarithmic 0.5-6 v, 724 
ogarithmic radar, 551 
ogarithmic reactor startup, 128 
ogic-inverting, 339 
ow input capacitance, 10 
ow-noise contour-map design procedure, 442 
ow-noise fet audio with agc, 11 
ow-pass adjustable 190-280 kc bandwidth, 29 
magnetic, 105 
magnetic drum read, 587 
magnetic drum write, 582 
magnetic half- square, 355 
magnetic tape recorder, 718 
magnetostrictive delay line, 836 
magnified d-c level control, 576 
memory logic sense, 340 
memory readout, 120 
memory-sensing, 123 
memory X-pulse, 343 
memory Y-pulse, 349 
microphone, 498 
mas fet with ¡ unction transistor, 15 
mas fet two-stage, 14 
myoelectric signal, 390 
nanosecond thyratron driver, 513 
narrow-band radar, 547 
negative- positive-feedback servo, 653 
neutralized-emitter- inductance h-f, 797 
neutron counter, 726 
nonlinear feedback with varistor, 14 
null in integrated-circuit tester, 303 
nulling, 644 
operational, 308, 807 
operational Darlington- input integrated, 298 
operational sampling, 626 
operational two-stage integrated, 302 
p-most integrated broadband, 302 
paralleled-T feedback, 81, 82 
period reactor startup, 128 
photodiode, 481, 484 
photodiode noise-suppressing, 478 
photoelectric agc, 476 
photomultiplier, 726 
photomultiplier gain stabilizer, 641 
piezoelectric gage, 9 
plate-cathode follower, 27 
preferred high-level cathode follower, 24 
pressure- sensitive resistor, 388 
pulse- shaping a-f, 367 
push-pull frequency- shift keying, 451 
push-pull optoelectronic, 484 
push-pull pulse, 820 
push-pull video, 840 
Q-multiplier, 24 
rail flaw detector, 584, 585 
read-write, 336 
redundant analog, 175 
reflex for sensitive relay control, 137 
remote gain-control, 14, 620 
saturating bootstrap, 566 
secondary-emission- pentode cathode follower, 16 
sense, 196 
servo chopper, 115 
servo integrated- circuit, 304 
servo synchronous filter, 650 
shunt-peaked video, 846 
shunt- series feedback, 543 
signal- level-controlled gain, 59 
signal- voltage- stabilized, 22 
simple differential, 816 

Amplifier, single-ended video input, 844 
solar-cell strobe- generating, 17 
squaring for cctv microscope, 32 
stable superregenerative, 16 
stereo i-f, 690 
sweep power, 585 
temperature-compensated Darlington, 16 
temperature-stable complementary-transistor, 9 
thin-film memory sense, 124 
thin-film pulse, 300 
three-triode constant-current, 767 
transformerless linear modulator, 402 
transistor tv r- f, 769 
transistorized chroma, 747 
tuned r-f transistor stage, 572 
tv video output, 746 
two-stage wideband video, 844 
uhf doubler, 260 
ultrasonic, 409 
unity- gain for active filter, 217 
unity-gain buffer, 11 
unity- gain isolation, 17 
unity-gain triode cathode follower, 16 
varactor-tuned, 571 
vibration- measuring, 369 
video with agc, 737 
video inverter, 309 
voltage- controlled attenuator, 15 
voltage-controlled gain, 58 
voltage- difference, 591 
wideband cable- driving, 16 
wideband fet, 11 
wideband i-f with agc, 62 
wideband twin-T, 20 
wideband video, 641 
wideband voltaqe-controlled gain, 847 
wire- locating, 770 
Z-axis, 99 
zero-crossing-detecting, 278 
(See also all specialized circuits using amplifier 

stages) 
Amplifier control, operational, 704 
Amplitude probability density function, measure-

ment, 441 
Analog, four-quadrant multiplier, 414 

four- quadrant square- law magamp multiplier, 
353 

probability multiplier, 416 
redundant d-c amplifier, 175 
square-law magamp multiplier, 351, 354 
triangle multiplier, 416 
(See also under Analog-digital; Digital- analog) 

Analog computer, 10-bit digital-analog converter, 
35 

exponential function generator, 267 
integrating operational amplifier, 379 
ladder-type network decoder, 31, 36 
multiplier, 399 
overvoltage alarm, 5 
potentiometer error compensation, 35 
pulse-amplitude multiplier, 416 
pulse- width demodulator, 36 
pulse-width modulator, 416 
random-noise source, 535 
voltage multiplier, 415 

Analog counter, staircase, 685 
Analog-digital converter, 300-Mc sampling circuit, 

32 
binary encoder, 337 
calibrator, 31 
coding digit card, 36 
comparator, 36 
d-c amplifier, 30 
encoder, 34 
fast- response, 628 
gate, 274 
magnetic-core readout, 33 
magnetic data, 708 
multiplexer, 37 
polarity detector, 34 
sample-and-hold flip-flop, 625 
summing and weighting network, 30 
transfluxor driver, 30 
tunnel- diode, 32 
video from cctv microscope, 32 
video sampling amplifier, 268 
voltage comparator, 33 
voltmeter, 35 
weighting circuit, 33 

Analog memory, sample- hold circuit, 36 
Analog ratio computer, Hall multiplier, 415 
Analog voltage source, computer, 492 
Analyzer, 15-cps i-f amplifier, 284 

eeg waveform, 384 
frequency, 248, 669 
gasoline engine rotation, 67 
nuclear flight time interval, 783 
neutron time of flight, 560, 564 
pulse height, 115 
radar noise clipper- limiter, 332 
random noise, 268 

Anesthesia, servo control, 387 
shock spectrum, 376 
signals and noise, 441 
stepper motor, 777, 778 

And gate (see Logic) 
Anemograph, decoder drive, 733 
Antenna, audio-controlled phaser, 467 

automatic phasing control, 467 
beam-steering, 474 
impedance measurement, 674 
variable-directivity phase- shift control, 466 

Antenna pattern, radar with logarithmic amplifier, 
551 

Antennafier, dipole fixed-gain, 569 

Antennafier, dipole phase-shift, 474 
dipole variable-gain, 63 
slot, 573 
varactor-tuned, 571 

Anticoincidence, arc protection, 509 
Anticoincidence circuit, scintillation counter, 565 
Anticoincidence detector, nonoverlapping pulses, 

118 
Aperture correction, tv camera, 735 
Arc protection, comparator, 509 
Astronomy, variable- star detector, 641 
Attenuator, logarithmic, 362, 373 

recording galvanometer input signal, 587 
transistor, 61 
two-transistor electronic, 58 
voltage- controlled mos fet, 15 

Audio, 400- cps oscillator, 670 
Audio, 1,000-cps wobbulated speech simulator, 683 

1,800-cps alarm tone generator, 6 
1-Mc modulated tunnel-diode oscillator, 449 
10-w stereo amplifier power supply, 694 
30-w amplifier overload protection, 504 
active adjustable-bandpass filter, 216 
adjustable tuning-fork filter, 218 
alarm beep or tone generator, 6 
a-m/f-m portable, 570 
amplitude- stable transducer-exciting oscillator, 

583 
artificial larynx, 388 
attack control amplifier, 676 
audible auto turn- signal indicator, 65, 70 
automatic f-m stereo switch, 689 
automatic impedance-matching preamp, 498 
background noise suppressor, 446 
balanced variable-threshold control switch, 441 
bass boost, 51 
battle stations signal generator, 3 
bridge- stabilized oscillator, 457 
cascaded filters, 222 
chatter- jamming tone generator, 461 
codon control, 812 
collision signal generator, 3 
compactron f-m stereo adapter, 693 
cube- root signal compressor, 267 
d-c voltage- controlled pulse generator, 145 
delta tv sound, 743 
driver, 693 
driver for fader, 39 
electronic fader, 39 
electronic music demonstrator, 671 
fet squaring circuit, 265 
flip-flop controlled switch, 710 
horn signal generator, 3 
loudness control, 51 
low-cost discriminator, 251 
low- noise agc, 61 
low-pass d-c to 1- cps filter, 219 
magnetic-tape print-through squelch, 720 
magnetic tape recording amplifier, 719 
measuring auditorium acoustics, 309, 787 
microwatt oscillator, 530 
noise-actuated avc, 793 
noise-free keying, 481 
nonlinear voltage-controlled oscillator, 463 
percussion music synthesizer, 214 
Q multiplier, 141 
siren preamplifier, 2 
siren warble generator, 3 
siren zone code generator, 2 
snap-action power level switch, 127 
sonar selection gate, 827 
sound level meter, 444 
sound level meter rectifier, 446 
sound pulse generator, 833 
stereo multiplex transmitter, 690 
three-transistor class A color tv, 752 
tone control, 50 
tuning motor noise-actuated squelch, 412 
two-stage discriminator, 201 
two-tone electronic doorbell, 7 
variable-sweep signal generator, 676 
varying-frequency alarm tone generator, 4 
voltage-controlled dropping resistor for filter, 220 
voltage-controlled vfo, 454 
volume compressor, 721 
wailing-siren, 5 
(See also Amplifier; Preamplifier; Receiver; 

Recorder; Servo; Stereo; Tape Recorder; 
Transceiver; Transmitter; Ultrasonics) 

Audio amplifier, 0.5-100 cps tunable, 49 
1 cps-30 kc micropower, 13 
2 cps-20 kc, 9 
20-100,000 cps low- noise, 48 
100-350 cps crevasse-detector receiver, 51 
130-800 cps, 477 
800-1,000 cps tuned, 38 
40-db-range agc, 58 
60-db low- noise fet, 45 
6-v phono, 41 
9-v phono, 42 
0.5-w 3-transistor, 48 
1-w fet, 40 
1-w integrated, 297 
2-w preferred power, 41, 51 
2.5-w transformerless, 46 
8-w silicon-transistor, 44 
10-w direct-coupled, 42 
10-w single-ended push-pull output, 41 
10-w stabilized power, 49 
12-w transformerless, 48 
15-w transformerless, 47 
20-w single-ended push-pull output, 40 
25-w power, 51 
45-w quasicomplementary-symmetry, 52 
45-w series-type, 52 
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Audio amplifier, 50-w two-stage output, 53 
70-w, 47 
200-w siren, 4 
class-B push-pull output, 42 
complementary-symmetry transformerless, 41 
cutting odd-harmonic class-B distortion, 52 
Darlington, 51, 52 
doppler radar, 551 
fet-pnp Darlington, 49 
five- zone aircraft public address, 43 
high input resistance, 40, 52 
high voltage gain, 22 
integrated- circuit power, 304 
integrated output stage, 302 
ine-operated two-transistor phono, 46 
ow-current mas fet, 50 
ow-noise bootstrap fet, 49 
ow-noise cascode fat, 38, 46 
ow-noise fet with agc, 11 
ow- noise fet output, 53 
ow- noise low-level high- gain, 45 
output transistor protection, 44 
preferred twin-triode voltage, 42 
Q multiplier, 41 
single-ended class- B output, 47 
single-transistor, 53 
single-transistor push-pull, 51 
with squelch, 444, 445 
stable three-transistor, 44 
stereo headphone, 694 
telephone-channel thick-film, 43 
temperature-compensated for spacecraft 

decoder, 50 
three-stage cascaded common-emitter, 46 
two-stage cascaded common-emitter, 48 
two-transistor R-C coupled, 40 

Audio oscillator, conversion to square-wave 
generator, 531 

five- tone, 731 
Audio preamplifier, bootstrapped stereo, 689 

building-block stage, 47 
capacitor mike, 49 
ceramic- cartridge-phono, 48 
four-control, 44 

fet, 43 
npn magnetic- cartridge, 53 
phono, 38, 40 
phono-tape- microphone, 39 
stabilized, 50 
tape and microphone, 45 
underwater hydrophone, 50 
velocity- response phono, 46 

Auto radio, five-transistor a-m, 569 
signal-seeking tuner, 824 

Autocorrelation, spectrum invariance, 672 
Automatic brightness control, flying-spot scanner, 

639 
Automatic direction finder, agc amplifier, 64 

agc without clipping, 63 
balanced modulator, 395 
synchronous filter, 650 

Automatic frequency control, 23-Mc telemetry 
discriminator, 56 

30-Mc preferred pulse- modulated i-f, 54 
automatic search and control, 662 
collector- voltage- control, 55 
diode-phantastron control for airborne radar 

klystron, 54, 56 
emitter- current-control, 55 
klystron, 193 
mobile color tv pickup, 750 
reactance- transistor, 740 
receiver klystron local oscillator, 55 
thyratron control for radar klystron repeller, 

55, 56 
varactor-controlled, 55 
voltage-tuned f-m oscillator, 822 

Automatic gain control, 12-Mc video amplifier, 744 
30-Mc gain-controlled tetrode, 60 
30-Mc hybrid gain control, 59 
30-Mc stage, 60 
70-Mc neutralized, 58 
200-Mc amplifier, 63 
450-Mc amplifier, 59 
40-db-range audio, 58 
adf receiver, 63, 64 
ambient light level, 476 
amplified, 57 
antennafier, 63 
bridge with agc for on diode, 62 
bridge with control of both diodes, 63 
camera video, 737 
cascaded fixed-gain amplifier, 64 
communication receiver, 64 
diode L-attenuator, 64 
diode T-attenuator, 64 
double-conversion i-f amplifier, 57 
double-gated with regulated bias supply, 64 
fet amplifier, 62 
keyed, 59 
logarithmic, 26 
low- noise audio, 61 
noise actuated, 793 
preferred audio squelch, 62 
preferred tube circuit, 62 
signal- controlled color-film scanner, 59 
slicer and gate, 60 
squelch in a-f amplifier, 444, 445 
superregenerative amplifier, 16 
television camera video, 737 
transistor i-f amplifier, 62, 63 
transistor receiver, 61 
transistorized color Ix, 753 
vif preamp, 499 
voltage-controlled a-c amplifier, 58 

Automatic gain control, voltage-controlled capaci-
tor diode network, 64 

voltage-controlled capacitors in diode bridge, 64 
voltage- controlled capacitors in diode T- network, 

63 
voltage-controlled phase- shift oscillator, 469 

Automatic volume compression, tape recorder, 721 
Automatic volume control, magnetic-tape print-

through squelch, 720 
noise-actuated, 793 

Automotive electronics, 60-cps 200-w 115-v 
inverter, 316 

456-kc vehicle identification beacon, 79 
30,000-rpm capacitance transducer for 

tachometer, 87 
400,000-rpm turbine tachometer, 70 
12-v d-c to 300-v d-c converter, 71 
30-kv ignition pulse generator, 71 
air- suspension leak detector, 17, 456 
audible turn- signal indicator, 65, 70 
automatic timing advance, 65 
capacitive-discharge ignition, 68 
cylinder gas temperature measurement, 67 
d-c power supply for fluorescent lamp, 169 
electronic tachometer, 65 
engine heat detector, 293 
engine road test simulator, 66 
gas-tube electronic ignition, 66 
gate-opening turbine tachometer, 69 
generator regulator, 169 
headlight dimmer, 66, 71 
ignition-pickup tachometer, 68 
infrared suspension- leak detector, 654 
quick-disconnect tachometer, 69 
road icing alarm, 758 
rotation-analyzing integrator, 67 
sealed transmission tachometer, 71 
single- pulse tachometer generator, 66 
single- transistor tachometer, 71 
speed-controlling chopper for battery-powered 

vehicle, 107 
tachometer amplifier, 69 
tachometer gate, 68 
telemetry d-c amplifier, 70 
telemetry display strobe, 89 
transistor fuel pump drive, 67 
transistor ignition, 69, 711 
ultralinear high- precision tachometer, 67 
zero- power tachometer, 68 
(See also Battery charger) 

Autopilot, clock generator, 665 
comparator-alarm, 118 
d-c amplifier, 197 
fader, 130 
gyro control, 130, 136 
preamplifier, 500 
unity-gain inverter, 322 

Avalanche alarm, trip- wire, 2 
Avc (see Automatic volume control) 

Backscatter, ground pulse blanker, 95 
tone signal rejector, 570 

Backward-wave oscillator, regulated filament 
supply, 593 

Balancer, gyro, 89, 98 
Balinverter, noise-cancelling, 138 
Battery charger, automatic control with reference 

battery, 73 
constant-current motor-controlled rheostat, 75 
control and protection circuit, 72 
control with stabilized reference supply, 75 
nickel-cadmium, 75 
photoflash, 72, 74 
portable cro, 74 
scr regulator, 75 
thyratron-controlled, 73 
two- rate, 73 
welder, 74 

Battery standby, alarm power supply, 507 
Beacon, 1.686-Mc high-altitude balloon, 76 

75-Mc marker, 77 
75-Mc one- light airborne marker, 79 
75-Mc three- light aircraft marker adapter, 80 
75-Mc three- light aircraft marker receiver, 76 
100-140 or 220-260 Mc emergency, 78 
243-Mc aircraft crash, 80 
decoder, 78 
gated-diode modulator, 80 
rotating- lamp, 223 
signal-powered transponder, 80 
spacecraft recovery, 77 
two-frequency SOS, 79 
vehicle identification, 79 

Beam intensity control, crt, 95 
Beam switching, capacitance transducers, 705 

recorder cores, 581 
Beam-switching tube, decade counter, 165 

pulse generator, 516 
storing accumulated count, 156 

Beeper, recording telephone conversation, 586 
Beta squaring, complementary-transistor 

Darlington amplifier, 24 
temperature-compensated Darlington, 16 

Binary, arithmetic, 564 
basic neutron analyzer, 560 
cascaded, 336 
RC-coupled, 348 

Binary-analog, converter, 31 
Binary-command control system, 596 
Bionics, neuron model, 343 

neuron model without integrator, 346 
Biztoble circuit, triangular-wave, 631 
Black light, portable inverter, 321 
Blender, three- speed motor control, 412 

Blinker, neon roadside or Halloween-pumpkin, 230 
(See also Flasher) 

Blocking oscillator, 0-2,000 pps preferred pulse-
frequency divider, 454 

0-2,000 pps preferred series-triggered, 453 
200-2,000 pps preferred astable, 459 
2,000-83,000 pps preferred parallel-

triggered, 461 
adjustable-prr trigger generator, 814 
cascaded distance-mark divider, 243 
diode sampling bridge drive, 82 
distance-mark generator, 549, 551, 552, 555, 557 
preferred distance-mark divider, 453 
inverted-output switching voltage regulator, 609 
pulse-frequency divider, 244, 245 
sense amplifier trigger, 812 
voltage limit monitor, 858 

Blood pressure, automatic measurement, 386 
Bolometer, amplifier and detector, 289 

preamp, 291 
Bolometer bridge, ergmeter, 370 
Bone disease, early diagnosis by osteograph, 382 
Bootstrap, wide-range linear time base, 634 
Bootstrap sweep, Darlington- linearized, 699 

positive and negative-going, 701 
variable controllable, 702 

Bootstrapping, 0.5 cps-700 kc fet preamp, 499 
Boxcar, capacitor- storage feedback, 116 

modulation envelope detector, 192 
Boxcar detector, radar, 557 
Boxcar generator, ultrasonic receiver, 826 
Brazing, 45-kw r-f pulse control, 862 
Bridge, 3-kc oscillator amplitude stabilization, 383 

15-kc impedance, 367 
100-kc hybrid balanced modulator, 400 
300-kc fet gate, 273 
300-kc tandem fet gate, 271 
a-c fet, 84 
a-c gate, 273 
a-c line regulator, 598 
amplifier stabilization, 10 
armature tester, 774 
automatic servo balanced capacitance, 663 
beam-tube- switched, 705 
blood pressure indicator, 384 
capacitance, 357 
cascode-adder null detector, 82 
chopper- driven thermistor, 762 
constant- voltage regulated power supply, 592 
conveyor belt slip detector, 353 
crt light- pen pulse height detector, 81 
d-c level-shifting, 83 
diode sampling, 82 
drain-coupled-adder null detector, 81 
enamel thickness monitor, 87 
9yro temperature control, 758 
impedance, 387 
intrusion-alarm capacitive, 88 
inverter, 325 
line- voltage-sensing, 501 
liquid level measurement, 363 
magnetoresistor scr control, 83 
magnetoresistor triggering, 84 
memory core sense amplifier, 812 
microvolt- switching, 83 
millivolt pulse sampling, 84 
optoelectronic resistor, 83 
overtone crystal parameters, 83 
phase-difference detector, 81 
plate-cathode follower drive for 
Wien oscillator, 27 

pulse-energy-measuring bolometer, 370 
R-C oscillator, 674 
resistance thermometer, 761 
resistor testing, 808 
scr capacitor-charging, 169 
scr regulated power supply, 507 
scr single-phase motor control, 352 
self- balancing shunt-type, 83 
static- inverter reaulator, 316 
strain-gage amplifier, 366 
telephone boseband amplifier, 82 
temperature-compensating, 757 
temperature-control, 761, 762 
thermal, in variable-frequency power 

supply, 589, 593 
thermistor, 759 
thermocouple tester, 768 
three-phase inverter, 315 
transformerless scr inverter, 323 
tunnel-diode a-c gate with toroid, 274, 280 
variable-frequency Wien oscillator, 670 
Wheatstone in enlarger exposure indicator, 489 
Wien let, 675 
Wien pulsed oscillator, 530 
Wien rejection filter, 222 

Bridge discriminator, phase, 201 
Briahtness control, ujt-scr for 500-w lamp, 137 
Buffer, infinite- impedance fet for 60-cps 

notch filter, 18 
ring counter, 160 
unity-gain, 11 

Buffering, 10-Mc flip-flop, 152 
Burglar alarm ( see Alarm) 
Butterworth attenuation, active audio filter, 216 
Butterworth filter, active low-pass R-C, 217 
Butterworth triple, radar clutter simulator, 546 

Cable fault finder, marker generator, 764 
time base, 769 
transmit pulse generator, 772 

Cable propagation delay, measurement, 249 
Cable wire, locator, 769, 770 
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Cadmium sulfide- neon inverter, 349 
Cadmium sulfide- neon latch, 328 
Calibration, frequency standard with WWV, 111 

modulation percentage meter, 416 
Calibrator, digital voltmeter, 31 

portable cro, 98 
Calling system, citizens band, 572 
Camera, 16-mm sound- on-film drive, 581 

control, 490 
control receiver, 615 
underwater flash, 227 

Camera (See also Photography) 
Capacitance, measuring, 368 
Capacitance bridge, liquid level measurement, 363 
Capacitance control, 30,000- rpm tachometer 

transducer, 87 
aircraft fuel gage, 86 
continuously variable electronic, 88 
extrusion of plastic on wire, 87 
fence alarm, 86 
in-circuit capacitor tester, 88 
intrusion alarm, 87, 88 
lamp, 85 
proximity switch, 86 
sensing cane for blind, 88 
stabilizer for radar altimeter, 87 
wire enamel thickness monitor, 87 

Capacitor, 0.1-100 rnfd variable electronic, 88 
voltage- variable, 394, 397, 398 

Capacitor bank, firing switch, 241 
Capacitor charger, constant-current, 169 
Capacitor forming, power supply, 591 
Capacitor tester, in-circuit, 88 
Car ( see Automotive) 
Carcinotron, control for receiver, 572 
Card scanner, mark- sensing, 478 
Cardiac pacemaker, batteryless, 392 

two-transistor, 383 
Carrier- current control, receiver, 617 
Cascade, 45-Mc, 285 

multipurpose integrated-circuit chip, 301 
Cascade amplifier, i-f with agc, 62, 63 
Cascade circuit, mvbr, 422, 423, 425, 430 
Cascade follower, 5-cps, 12 
Cascade tube, noise- figure measurement, 358 
Cathode follower, secondary-emission pentode, 16 
Cathode ray, 50-kc vertical deflection, 90 

8-22 Mc marker generator, 91 
800-v sweep, 698 
7-kv magnetic- deflection power supply, 491 
7-kv preferred dual- triode crt supply, 494 
alignment correction, 96 
alphanumeric generator, 102 
armature tester, 774 
beam intensity control, 95 
chopper-produced multitrace display, 107 
coarse- deflection switch, 101 
cro as sonar bearing indicator, 829 
deflection control, 207 
display numeral generator, 101 
fine- deflection switch, 101 
focus current regulator, 92 
grid- 1 bias regulator, 99 
ground pulse blanker, 95 
gyro vibration amplifier, 98 
high-speed hybrid bootstrap sweep, 697 
high- voltage supply, 90 
horizontal amplifier, 98 
hybrid bootstrap sweep, 702 
intensity- modulation pulse amplifier, 842 
intensity- modulation radar video chain, 839 
evel-controlled strobe, 89 
ight-pen amplifier, 92 
ight-pen preamp, 99 
ight-pen pulse height detector, 81 
inear integrated-circuit tester, 295 
ow-frequency differential amplifier with 
400-v peak swing, 193 

ow-frequency sync oscillator, 99 
marker pulse amplifier and mixer, 96 
measuring axis- crossing interval, 90 
monostable unblanking gate, 420 
nanosecond display, 208 
number generator, 100 
portable cro calibrator, 98 
preferred triode driver, 847 
radar intensity- modulating crt driver, 839 
raster display, 91 
regulator- charger for portable cro, 74 
sampling pulse stretcher, 92 
single-frame tv photography timer, 489 
sonar display, 204 
staircase generator, 688 
strobe pulse generator, 96 
sweep trigger, 89 
tangent- function sweep, 698 
tape wow and flutter measurement, 716 
tone signal rejector, 570 
trace brightness equalizer. 99 
trace intensifier, 98 
transistor beta display, 93 
triangular-wave sweep, 96 
trigger multivibrator, 94 
tunnel-diode curve- tracer, 94, 781 
tunnel-diode uhf synchronizer, 97 
two- signal display, 89 
unblanking amplifier, 95 
unblanking pulse, 542 
unblanking pulse generator, 99 
unblanking signal generator, 106 
variable- length radar sweep, 551 
variable prr and pulse width generator, 532 
wide-band deflection amplifier, 94 
Z-axis amplifier, 99 

Cathode ray, Z-axis modulation, 99 
(See also Display) 

Cathode-ring, diode gate, 273 
Catv, up converter, 146 
Cave, magnetic- induction mapping, 374, 376 
Celestial guidance, active low-pass filter, 220 

automatic threshold control, 216 
Cement setting, timer, 359 
Ceramic cartridge, preamp, 38, 40 
Ceramic filter, i-f amplifier, 283, 287 
Channel selector, discriminator, 200 
Character generator, alphanumeric, 102 

cathode-ray numerals 1-7, 100 
coarse- deflection switch, 101 
deflection amplifier, 102 
fine-deflection switch, 101 
harmonic oscillator, 102 
numeric, 100 
overlapping-dot, 208 
pulsed-oscillator, 100 
signal combiner, 101 

Character reader, alphanumeric, 640 
dilating circular scan, 640 
largest- signal selector, 343 
script, 336 
solar-cell, 114 
vertical positioner, 640 

Charger, constant-current, 169, 699 
Chopper, 0-1 kc voltage- controlled oscillator, 202 

10-kc, 496 
100-kc, 108 
analog switch, 103 
asynchronous square-wave, 106 
balanced silicon- diode lattice, 55 
data amplifier, 172 
d-c operational amplifier, 103, 106 
d-c voltage comparator, 118 
difference circuit and integrator, 307 
display switching in integrated- circuit tester, 303 
fet shunt, 106 
gain-controlling, 477 
gate- turnoff d- c, 108 
Hall-generator, 108 
hybrid d-c feedback amplifier, 107 
infrared receiver, 292 
lamp- photocell, 106 
mechanical with 400- cps amplifier, 103 
mechanical with fet amplifier, 108 
multitrace cro display, 107 
normally- off gate- turnoff, 107 
normally- on gate- turnoff, 108 
null indicator, 472 
pentode, 103 
phasemeter, 808 
photoelectric, 108, 858 
printed-circuit Bright, 107 
servo comparator amplifier, 115 
solar-cell regulated power supply, 105 
speed-controlling for battery-powered vehicle, 

107 
starved d-c input amplifier, 177 
temperature- regulating, 762 
transient-suppressing trigger, 816 
transistor pulse-width regulator, 105 
two-transistor dewpoint-measuring, 480 

Chopper stabilization, d-c amplifier, 104 
strain-gage amplifier, 366 

Chroma amplifier, transistorized, 747 
Chroma control, tv, 751 
Chromatograph, integrator, 308 
Chrominance, French SECAM, 748 
Chronometer, electronic, 113 
Chronotron, measuring coax delay, 365, 372 
Circuit breaker, d-c gate-turnoff, 708 
Citizens band, 27-Mc a-m transmitter, 795 

27-Mc collector- modulated transmitter, 397 
class-B transceiver, 794 
class-C transmitter, 794 
crystal oscillator, 462 
decoder, 795 
interference filter, 792 
squelch, 794, 795 
tone- operated calling system, 572 
transmitter without relay, 794 
tunnel diode-crystal oscillator, 454 

Clamp, 1- Mc d-c restorer, 544 
keyed tv camera, 735 
millivolt pulses, 84 
pulse generator, 519 
radar ppi sweep, 557 
radar yoke driver, 550 

Clipper, heater- voltage- regulating, 598 
phase-demodulating, 191 
power-supply, 352 
pulse height analyzer, 536 
radar modulator, 551 
six- diode sine-wave, 518 
video, 840 

Clock, 2,500- cps phase synchronizer, 112 
100-kc Pierce crystal, 109 
600-kc pulse shaper, 125 
809.11-kc oscillator, 112 
10-Mc counter, 152 
10-Mc oscillator, 113 
10-Mc three-phase, 113 
12-Mc four-phase, 112 
150-Mc gate, 269 
500-Mc gate, 279 
16- bit binary word generator, 681 
ambiguity-preventing latch, 328 
cesium beam-tube control for 5-Mc primary 

standard, 109 
cesium resonance synthesizer, Ill 
computer testing, 110 
crystal- controlled mvbr, 110 

Clock, digit square-wave amplifier, 110 
disk-track pulse generator, 112 
driver gate, 121 
electronic, 113 
fallout arrival time, 560 
frequency-dividing WWV calibrator, 112 
fuze timer, 111 
one-shot mvbr, 423 
pulse amplifier, 110 
sidereal regenerative oscillator, 113 
synchronizing to 300-pps trigger, 113 
WWV check, Ill 
WWV-controlled, Ill 

Clock pulse generator, 25-nsec 0.5-amp, 109 
Clutch control, timer, 790 
Coating, thickness measurement, 362, 365 
Coax, drive amplifier, 515 
Cockcroft-Walton multiplier, radiation survey 

meter, 563 
Codan, improved crystal-controlled, 812 
Code generator, alarm siren, 2 

double- pulse, 556 
Coded pulse comparator, radar beacon, 78 
Coding generator, fire alarm system, 2 
Coincidence, nuclear particle timer, 783 

phototube pulses, 479 
Coincidence circuit, echo pulses, 826 

telephone data readout, 122 
tunnel-diode, 566 

Coincidence control, fluorescent- lamp display, 206 
Coincidence detector, 100-microamp pulses, 539 

energy- loss telescope, 726 
pulse, 539, 561 

Cold- cathode tube, 6-kc counter, 154 
counter, 149 
numerical display, 206 
shift register, 150 

Color- burst regenerator, video tape, 748 
Color tv, automatic fine tuning, 751 
Colpitts oscillator, 3- Mc, 392 
Combiner, telemetry diversity, 730 
Communication, delta- sigma modulator, 393 

light-beam, 401, 402 
Commutator, analog switch, 103 

Hall generator, 623 
matrix-controlled, 789 
time-division telemetry, 730 

Commutator simulator, telemetry, 678 
Compactron, f-m stereo adapter, 693 
Comparator, 20-kc control amplifier, 118 

amplitude, 119 
analog voltage, 586 
analog-digital converter, 36 
autopilot dual-accelerometer, 118 
battery-charging voltage, 73 
beacon radar code, 78 
bilateral-transistor voltage, 119 
capacitor charging voltage, 117 
capacitor-storage feedback boxcar, 116 
chopper-type d-c voltage, 118 
code conversion, 116 
d-c voltage, 850 
differential voltage, 117 
digital- voltmeter, 114 
diode switching time, 766 
frequency, 66 
frequency with WWV, 568 
go-no-go voltage, 119 
insulation resistance tester, 772 
missile count-down switch, 706 
nonoverlapping pulse, 118 
or gate, 343 
over- or- under- voltage, 119 
pdm keyer, 728 
pulse, 119, 156, 509 
pulse amplitude, 114 
pulse voltage, 115 
random noise amplitude, 268 
resistance, 375 
retina welder control, 381 
series-Schmitt amplitude, 810 
servo amplifier, 115 
tunnel- diode voltage, 117 
two-stage load current switch, 118 
video signal, 119 
voltage, 33, 606 

Compensation, low audio frequency, 551 
magnetic tape playback, 717 
temperature in induction receiver, 573 

Compensator, servo frequency, 647 
Compression, 50-db dynamic- range video, 848 

telemetry signal, 724 
Compressor, audio volume, 721 

cube- root dynamic audio to megacycle, 267 
Computer, 5-Mc memory driver, 121 

10-nsec amplifier, 126 
10-nsec gate and mixer, 123 
10-nsec register-driver, 667 
25-nsec 0.5-amp clock pulse generator, 109 
0.5-microsec-recovery delay, 184 
16- bit word generator, 681 
alphanumeric output display, 102 
analog display at 50 kc, 90 
analog overvoltage alarm, 5 
analog- ratio Hall multiplier, 415 
analog sample- hold circuit, 36 
analog-type ratio, 205 
analog voltage multiplier, 415 
analog voltage source, 492 
arithmetic cell, 120 
bilateral-transistor digital comparator, 119 
choke-controlled differentiator, 125 
clock gate, 121 
clock pulse shaper, 125 
double- bridge magamp open-fuse detector, 354 
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Computer, eeg waveform analyzer, 384 
fault- location alarm, 3 
full adder, 123 
function generator, 266 
half-odder, 121 
Hall-effect squaring multiplier, 415 
low-cost basic inverter, 342 
magamp open-fuse detector, 351 
magnetic-spoke disk memory pulse generator, 

125 
magnetic-spoke disk read-write circuit, 125 
megapulse test generator, 110 
memory inhibit driver, 122 
memory-plane driver, 123 
memory readout amplifier, 120 
memory-sensing amplifier, 123, 124 
memory strobe generation, 122, 124 
operational d-c amplifier, 177 
paired- inverter, 231 
phone- line interconnection, 732 
potentiometer error compensation, 35 
power switching, 125 
power transistor switching, 708 
reciprocal circuit, 120 
register indicator, 664 
ringing-type pulse generator, 528 
switching diode tester, 777 
symmetrical saturated 2N711 flip-flop, 666 
telephone traffic data recorder, 122 
thin-film memory current driver, 124 
thin-film memory sense amplifier, 124 
thin-film pulse generator, 121 
time-shared troubleshooting scope, 122 
universal NBS diode logic, 335 
wiring short-circuit alarm, 4 

Conductivity, testing, 781 
Contacts, testing under vibration, 779 
Continuity tester, wire harness, 765 
Control, 100- cps phase- shift oscillator, 310 

20- channel audio tone decoder, 132 
a-c power outlet interlock, 713 
acceleration, 408, 410 
alternator frequency, 203 
autopilot, 130 
autopilot gyro, 130 
balanced-triode sine-wave modulator, 399 
battery charger turn- on and turn-off, 73 
blood pressure, 385 
body-capacitance switch, 85 
cable driver- receiver, 133 
camera shutter, 485, 489, 490 
carbon dioxide in iron lung, 388 
carrier- powered, 7 
chopper- type modulator, 399 
continuously variable capacitance, 88 
conveyor shutdown for jams, 134 
crystal lapping machine, 249 

Control, d-c voltage level detector, 762 
Diamond modulator, 396 
differential d-c amplifier, 198 
dual-function bistable reactor scram, 130 
duo-diode half-wave switch modulator, 403 
electric spark machine, 128, 129 
feedback-type regulator amplifier, 129 
filament emission in gas analyzer, 127 
film-break detector, 131 
fluorescent lamp dimming, 136 
frequency- sensitive photoelectric, 483 
full- range 500-w lamp dimmer, 137 
full- wave general-purpose td-scr, 135 
gyro balancer, 89 
gyro torquing switch, 136 
heart-lung machine, 377 
heart rate, 390 
high- pot tester, 775 
induction heater, 210 
inverter idling current, 321 
lamp brightness, 128 
laser modulator current, 167 
liquid-cooling, 128 
liquid level, 136, 363 
machine-gun firing rate, 131 
magnetic tape skew, 356 
metal-forming, 134 
missile- destruct f-m receiver, 619 
missile guidance, 127 
mobile radio repeater, 442 
motor transient anticipator for counter, 135 
parking meter, 293 
phase discriminator for heating and cooling, 200 
power-summing d-c amplifier, 177 
power supply output voltage, 495 
printed-circuit assembler, 652 
printing register, 148 
programmed lamp preheater, 129 
proximity, 132 
pulse length of intervalometer, 544 
punch press, 706 
quartz crystal film thickness, 249 
reactor startup, 128 
remote gain, 14 
resistance- triggered, 7 
retina welder output, 3/9, 381, 391 
ring modulator, 402 
rocket roll channel, 132 
saturable- core voltage- monitoring, 134 
saturating-mvbr on-off, 131 
scr lamp dimmer, 133 
sensitive relay with reflex circuit, 137 
skew, 356 
snap-action a-f power level switch, 127 
telescope servo 662 
thin-foil welder, 862 
time-delayed Schmitt sensor, 136 
timer, 786, 790 

Control, timer motor, 790 
triac lamp dimmer, 133 
triode clamp modulator, 401 
ujt latch for inductive- load scr, 329 
undercurrent-overcurrent protection, 133 
variable-plate- resistance modulator, 402 
voice-actuated, 133 
zero-crossing for scr's, 136 
Control (See also Motor control; Photoelectric; 
Remote control) 

Conversion gain, measurement, 358 
Converter, 10-Mc dynamic notch filter, 222 

27-Mc CB transmitter, 139 
30 Mc to 5.5 Mc, 143 
88-108 Mc f-m tunnel-diode with afc, 145 
255-Mc oscillator, mixer, 144 
400-Mc low-noise, 145 
420-Mc oscillator- mixer, 140 
450 Mc to 30 Mc, 144 
450 Mc to 105 Mc with 2N2415, 139 
450 Mc to 105 Mc with 2N2996, 139 
1,000 Mc to 200 Mc, 441 
11- bit digital to analog, 32 
12-300 y d-c, 71 
28-162 y d-c at 10 w, 145 
28-400 y d-c, 496 
28-420 y d-c at 125 w, 147 
30-325 y d-c, 138 
5,000 y d- c, 496 
analog tv to pulse code, 342 
autodyne, 569 
autodyne with 455-kc i-f, 147 
balanced- input noise-canceling, 138 
battery supply for instruments, 610 
capacitively tuned tunnel-diode tuner, 823 
cctv for bar graph display, 206 
Citizens band, 138 
Citizens band crystal-controlled, 146 
Civil Air Patrol, 147 
community-tv, 146 
d-c to audio, 145 
d-c/d-c, 313, 491 

7-kv crt supply, 491 
d-c/d-c auto ignition, 68 
d-c dual- pulse drive, 807 
d-c level shifter, 542 
d-c signal level, 768 
d-c voltage, 143 
difFerential-mvbr magnetic, 326 
digital- analog, 31 
digital logic level, 144 
dual-triode magnetic, 326 
flowmeter frequency, 247 
frequency to d-c, 146 
frequency-to- voltage, 146 
Gray binary code, 207 
grounded-collector Hartley, 456 
height-to- time, 726 
high-power astable mvbr, 433 
integrated- circuit, 198 
linear voltage-frequency, .421 
mobile receiver, 578 
mos fet, 144 
negative-impedance, 141 
one-shot rz to nrz, 426 
phase inverter, 323 
photoflash, 225 
power, 146 
pulse height to digital signal, 142 
pulse height to time, 143, 542 
pulse height to width, 275 
pulse width to analog, 36 
pulse width-sequence, 423 
random-pulse digital-analog, 35 
ringing- choke d-c to d-c, 141, 142 
sine to sawtooth or square wave, 147 
superregenerative quench, 286 
temperature-frequency, 761 
transducer-controlled 70-Mc crystal oscillator, 

140 
transducer voltage to resistance, 84 
transistor-magnetic, 322 
triangular to sine, 542 
tunnel-diode uhf tuner, 823 
uhf tv, 823 
ultralinear voltage to pulse width, 636 
voice to pcm, 144 
voltage-current, 537 
voltage-frequency, 140, 142, 143, 145, 629 
voltage- pulse width, 145 
voltage-time, 35 
(See also Analog-digital converter; Digital-ana-

log converter; Mixer) 
Conveyor, belt slip detector, 353 

¡am detector, 482 
Cooling- liquid-density gage, 128 
Core, pulse-width- measuring, 374 
Core readout, 5-aperture, 33 
Coronameter, polarized- light, 476 
Correlator, polarity-coincidence multiplier, 414 

receiver noise, 440 
Coulometer, 30 sec-350 hr delay, 188 
Counter, 1-kc glow- tube, 161 

4-kc glow-tube, 154 
20-kc scs ring, 165 
40-kc bistable mvbr, 154 
40-kc u¡t bistable ring, 164 
50-kc gas tube with transistors, 155 
100-kc clock, 109 
100-kc gas tube, 155 
500-kc flip-flop, 666 
0.5-Mc pulse, 565 
1-Mc complementary-transistor, 158 
1-Mc gas tube, 163 
5-Mc tunnel-diode, 166 

Counter, 10-Mc buffered flip-flop, 152 
10-Mc dynamic notch filter for noise rejection, 
222 

200-Mc, 788 
500-Mc biquinary, 151, 158 
500-Mc high-speed quinary sync control, 164 
10-channel multiplexer, 152 
7-digit binary, 166 
400-pps decade scaler, 157 
400,000-rpm digital tachometer, 69 
2,000-sec, 665 
10-stage ring, 204 
15-stage low-current-drain, 160 
adf decade chain, 151 
adjustable strobe, 224 
alpha particle, 563, 567 
anode-triggered ring, 160 
antiduplication circuit, 150 
backward and forward, 160 
base-gated binary, 165 
basic binary, 156 
botching, 150 
bcd, 156 
bcd conversion, 151 
beam-switching decade, 165 
bidirectional ring scr, 158 
binary high-speed, 788 
binary neon, 208 
binary pnpn flip-flop, 811 
binary scaler stage, 149 
biquinary, 153 
birds in flight, 148, 150 
bistable ring, 161 
boosting electromechanical speed, 149, 150 
buffer circuit, 160 
closed- ring data-sampling, 624 
coincidence- triggered decade, 155 
cold-catimde blocking- oscillator, 625 
cold-cathode ring, 157 
collector-triggered with trigger amplifier, 814 
constant-amplitude doppler oscillator, 448 
conveyor, 149 
decade driver, 262 
decimal-coded, 163 
digital phase meter, 468 
diode matrix decimal, 159 
divide-by-5 ring, 240 
doppler cycle, 23 
electromechanical drive for Geiger-Müller, 561 
flip-flop, 165 
four-stage hybrid ring, 154 
four-stage pnpn binary, 814 
four- transistor binary flip-flop, 153 
frequency- measuring, 191, 192 
frequency- multiplying 1,000 times, 258 
gate turnoff ring, 164 
Geiger-Müller, for tracers, 564 
Geiger-Müller drive for scaler, 541 
gunshot, 149 
halogen-type Geiger, 558 
integrated-circuit quad block binary, 304 
lamp-flashing ring, 223 
low-power scs ring, 163 
magnetic- core frequency-dividing, 241, 243 
magnetic-core ring, 517 
motor transient suppressor, 135 
multiaperture-core, 159 
multi junction semiconductor decade, 152 
neutron, 726 
Nixie- tube scs ring, 166 
nonoyerlapping pulses, 118 
nuclear tracks, 639 
pnpn ring, 820 
predetermined-pulse, 312 
preset neurosurgery pulse, 390 
proximity-detector, 132 
reversible decade, 162 
reversible ten- stage ring, 157 
ring, 729 
ring- of-7, 159 
ring- of- 10, 162 
ring with visual readout, 161 
sampling- period time recorder, 625 
scale-of-ten divider, 240 
Schmitt input trigger, 814 
Schmitt trigger for buttons, 148 
scs binary, 162 
shift register, 154 
staircase, 685 
static alternator, 314 
steering for reversible decade, 153 
stepper- motor pulse-generating, 411 
storing accumulated count, 156 
strontium-90 photorelay, 560 
symmetrical saturated flip-flops, 666 
tachometer auto- locking gate, 68 
tachometer display, 70 
teleprinter character, 787 
three-phase ring, 314 
transformer-controlled, 165 
transformer- controlled shift register, 668 
ultrasonic sing-around transmitter, 834 
uni junction ring, 164 
uni junction transistor, ; 64 
variable scale factor, 162 
variable-timing ring, 163 
voltage dips, 858 
(See also Scaler; Timer) 

Counting- rate meter, Geiger-Müller, 562 
Coupler, R-C directional, 357 
Coupling, light- beam, 709 
Crevasse detector, audio oscillator, 452 
Crowbar, ignitron control, 765 

stellarator, 708 
Crowbar circuit, 300-kw tube tester, 776 
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Cryogenics, critical current test set, 778 
Crystal, impedance meter, 776 

lapping control, 249 
Crystal detector, biasing circuit, 574 
Crystal oven, temperature control, 759 
Current control, 0-100 ma, 171 

2.8-microamp, 170 
0.5, 5, or 50 ma, 168 
1- ma, 171 
1 ma for 10-to-400 v input with scr, 167 
10- ma, 167 
15,000-v regulated power supply, 736 
adjustable rise and fall times, 523 
amplitude director, 167 
auto generator, 169 
battery charger, 74, 75 
capacitor- charging, 143 
capacitor- charging pulse, 169 
collector load, 171 
constant a-c, 168 
d-c logarithmic amplifier, 174 
d-c regulator for fluorescent lamps, 169 
intrusion alarm, 1 
laser modulator, 167 
magnetic core tester, 767 
overload, 171 
precision reference- amplifier regulated supply, 

170 
pulse generator, 780 
pulse height- time converter, 143 
reactor scram system, 133 
resistance welder, 863 
servo response speed-up, 645 
single 50,000-amp pulse, 170 
superconducting contacts, 778 
temperature-compensated, 170 
temperature-compensated matched-transistor, 

168 
transistor protection, 170 
trigger, 815 
variable d-c supply, 496 

Current detector, nanoampere sensing, 364 
picoampere, 369 

Current measurement, micromicroammeter, 371 
Current regulator ( see Regulated power supply) 
Curve tracer, fet adapter, 764 

transistor and diode, 770 
tunnel- diode, 94, 781 
tunnel- diode adapter, 766 
waveform generator, 688 

Damping, voice-operated transmitter, 801 
Darlington, sweep linearity correction, 699 
Darlington amplifier, 100-meg input impedance, 15 

servo, 656 
Darlington circuit, broadband amplifier, 10 

fet timer, 785 
shift register driver, 667 

Darlington connection, 12-v precision regulated 
supply, 602 

series regulated power supply, 607 
Darlington driver, low- noise fet audio, 53 
Darlington pair, integrated-circuit servo amplifier, 

304 
servo amplifier, 645 

Darlington series regulator, 12-v power supply, 614 
Data amplifier, dual-chopper, 172 
Data transmission, Kita diode switching, 706 
phone line, 732 

D-c amplifier, 400- cps summing and power, 176 
20-channel audio tone decoder, 132 
250,000-meg input impedance, 174 
51-db power gain, 197 
active redundant, 175 
actuating relay for input voltage change, 176 
analog-computer operational, 177 
analog-digital converter, 30 
auto-testing telemetry, 70 
balanced differential operational, 198 
balancing, 172 
cascade differential, 198 
chopper- stabilized operational, 106 
chopper-type operational, 103 
crystal oscillator control, 459 
current-summing operation, 177 
d-c voltmeter, 854 
differential, 193, 194 
dual-chopper transistorized, 172 
electrometer, 375 
electronic fuse, 508 
fet with mechanical chopper, 108 
fet operational, 174 
fet sample- hold, 172 
four- stage differential, 195 
Hall- generator chopper, 108 
high-input- impedance, 176 
hybrid chopper- stabilizer, 104 
hybrid chopper- type, 107 
integrated wideband, 296 
logarithmic current compressor, 174 
low- drift 400-cps mechanical chopper, 103 
low-drift chopperless, 174 
low- impedance transducer, 176 
low-level complementary- pair, 173 
oceanography recorder, 583 
power-summing, 177 
R-C directional coupler, 357 
regulated power supply, 593, 614 
starved low- noise, 177 
stereo f-m tuner, 695 
telemetry summing, 177 
temperature- stable unity-gain, 173 
triangular-wave generator, 629 
tunnel-diode discriminator, 535 

D-c amplifier, two-stage differential with common-
mode feedback, 198 

unity- gain differential, 195 
unity-gain high- input- impedance, 175 
unity-gain temperature-stabilized fet, 173 
varistor control, 175 
voltage level detector, 762 
watch timer, 790 
wide-dynamic-range differential, 196 

D-c restorer, 500 kc to 1 Mc, 544 
Decade counter, gate turnoff, 164 

reversible, 153 
Decoder, 11- bit, 32 

20- channel audio tone, 132 
CB receiver, 795 
ladder- type digital-analog, 31, 36 
radar ppi, 78 
reference switch, 37 
serial, 34, 37 
television remote-control receiver, 622 
twin-phantastron, 522 

Decommutator, video recorder, 394 
Delay, 500-kc amplifier-tuning, 282 

0-190 mile nonprecise phantastron, 184 
5-175 mile nonprecise phantastron, 184 
5-nsec complementary- transistor integrated-

circuit logic, 305 
0-2,440 microsec bootstrap, 188 
0-2,440 microsec phantastron, 184 
0.5-microsec-recovery, 184 
0.58 to 4.65 microsec, 181 
50-350 microsec bootstrap, 186 
50-350 microsec phantastron, 188 
0.4 millisec-1 min scr-u¡t, 183 
0.4 millisec-4 min, 180 
0.4 millisec-4 hr, 180 
1-300 millisec monostable-mvbr, 187 
6 millisec-1.5 sec variable, 182 
8 millisec-5 sec line- operated, 179 
30 sec-350 hr, 188 
1-4 min, 185 
15- min, 786 
1- hr voltage-sampling, 186 
5- hr, 187 
30- hr pulse- stretching, 541 
a-c operated scs, 187 
adjustable sanatron, 230 
blocking- oscillator, 338 
cascaded complementary td- transistor, 187 
continuously variable ferrite- core, 179 
continuously variable phase, 466, 472 
digital pulse, 185, 186, 189 
eighth- pulse-gated, 272 
expanded monostable mvbr, 183 
fast- recharging phantostron, 185 
fast- recycling relay, 187 
fixed bootstrap, 185 
fixed mvbr, 186 
four- transistor phantastron, 183 
interval timer, 244 
isolating- diode monostable mvbr, 186 
linear pulse amplifier, 512 
measuring nearly simultaneous events, 180 
monostable mvbr, 189 
mvbr turnoff, 417 
phantastron, 680 
phantastron in radar target acceleration simu-

lator, 683 
phantastron integrator, 185, 189 
phasemeter, 471 
photoelectric, 484 
precision 3-35 microsec, 188 
precision 3- min scr, 187 
preferred fast- recovery phantastron, 181 
preferred monostable mvbr, 181 
preferred phantastron, 182 
pulse generator output, 529 
pulse pair, 178 
pulse- stretching, 543 
random-time, 227 
relay break, 186 
relay dropout, 188 
relay make, 180, 182 
ring- starting, 188 
scs load-current, 187 
scs turnoff, 189 
six- step ring unit, 181 
solid-state with a-c output, 179 
temperature alarm, 1 
temperature-compensated phantastron, 182 
three-phase inverter, 314 
three- range nonprecise phantastron, 184 
time- base, 769 
trigger generator, 826 
u¡t relay- closing, 188 
ultrasonic driver, 462 
variable turn-on and turn-off, 178 
voltage-controlled radar, 178 
(See also Timer) 

Delay line, driver, 715 
pulse shaper, 543 
radar clutter simulator, 546 

Delay measurement, digital circuit, 524 
Demodulator, antisideband, 192 
asymmetry, 133 
boxcar-type modulation envelope, 192 
color tv, 747, 752 
diode quad, 403 
flip-flop, 130 
f-m data, 191, 192 
f-m stereo, 694 
f-m stereo matrixing, 691 
gyro pitch channel, 659 
linear, 192 
low-frequency f-m, 717 

Demodulator, microwave radiometer, 190 
phase, 191 
phase- sensitive, 190 
ppm multiplexer, 395 
ppm telemetry, 729 
pulse width to analog, 36 
synchronous, 115 
synchronous color tv, 751 
synchronous radar, 191 
transformerless full-wave, 191 
transistorized B-Y, 754 
uhf scatter klystron, 192 
vertical acceleration recorder, 584 
(See also Detector) 

Densitometer, flying- spot integrating, 364 
Density gage, liquid, 128 
Depth indicator, portable, 836 
Detection, backbone, 440 

envelope, 440 
slope, 766 
weak 1-f signals in high noise, 414 

Detector, 27.255-Mc superregenerative remot. 
control, 621 

200-Mc r-f radiation, 6 
100-microamp coincident pulses, 539 
6.0 v, 808 
onticoincidence, 540 
armature faults, 774 
bipolar pulse, 813 
boxcar, 360 
bridge null, 81 
CB 40-kc quench, 793 
core saturation, 374 
cosmic- ray neutron, 726 
crack and void, 367, 370 
crt blip, 81 
current amplitude, 167 
current- controlled threshold, 422 
current- level, 203 
d-c level, 762 
differential voltage or current, 6 
eeg waveform zero, 383 
engine heat, 293 
foil- loop intrusion, 1 
gamma-ray, 564 
hold- sample- hold, 472 
iceberg, 190 
illumination rise, 1 
integrating, 390 
magnetic drum read amplifier, 587 
magnetic tape flaws, 779 
millimeter- wave, 574 
millivolt threshold, 816 
missing-pulse, 6, 502 
missing- pulse and d-c dropout, 6 
multichannel signal, 545 
noise- filtering, 440 
nuclear explosion flash, 559 
oscillating linear- slope tv, 743 
paper flaws, 479 
phase-difference bridge, 81 
phase-measuring, 466, 472 
phase- sensitive, 440 
phase-sensitive diode, 88 
phase- sensitive impedance-measuring, 387 
photographic film breaks, 131 
picoampere current, 369 
polarity, 34 
preferred a-m receiver, 333 
preferred pulse- modulated video, 841 
projectile glow, 483 
pulse coincidence, 118, 539 
pulse sequence, 269, 540 
pulse train absence, 540 
radar boxcar, 557 
Schmitt-trigger threshold, 812 
sensitive aural- visual parasitic, 449 
signal dropout, 7 
signal level, 531 
sine-wave zero- crossing, 538 
sonar peak amplitude, 832 
square- law with 40-db dynamic range, 266 
ssb, 575 
synchronous with reed- switch control, 311 
synchronous tape playback, 714 
target Y-position, 430 
time-constant tv remote control, 619 
transient- pulse, 329 
transient spike pulse, 4 
ultrasonic reactor slug cladding flaw, 830 
vhf intrusion, 4 
voice for pcm, 144 
voltage limit, 535 
waveform time- sample, 773 
weak- current, 815 
weak signal in noise, 90 
zero- crossing, 519, 810 
zero-crossing for scr power control, 136 
(See also Demodulator) 

Dew-point hygrometer, alpha-counting, 558, 563 
Dewpoint measurement, photoelectric servo, 480 
Diamond circuit, measuring a-f phase shift, 361 
Diamond modulator, d-c input signal, 396 
Diathermy, frequency drift alarm and control, 212 

(See also Electronic heating; Medical electronics) 
Dictating machine, battery-operated, 719 
Dielectric heater, 27.12-Mc crystal-controlled, 209 
Difference circuit, two-pole chopper, 307 
Differential amplifier, 230-kc radar control, 193 
51-db power gain, 197 
1-ma constant- current scr supply, 167 
8-v voltage regulator, 606 
400-v output swing with transistors, 193 
balanced operational, 198 
canceling supply variations, 198 
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Differential amplifier, chopperless, 194 
common-made feedback, 198 
d-c millivoltmeter, 853 
direct-coupled, 194 
four-stage, 195 
integrated-circuit, 195-199 
memory sense, 296 
pill-tracing integrator, 391 
single-stage integrated, 198 
unity-gain d-c, 195 
variable-gain, 199 
voltage- regulating inverter, 197 
voltage regulator, 194 
wide-dynamic-range, 196 
wide-range variable delay, 182 

Differential voltage, signal comparator, 117 
Differential voltmeter, high- stability, 852 
Differentiator, choke-controlled, 125 

pulse, 374, 766 
ultrasonic pulse, 828 

Diffractometer, neutron, 559 
Digital-analog converter, 31 

10- bit, 35 
11- bit, 32 
accelerometer, 32 
compute amplifier, 34 
current- subtracting modulator, 646 
hold amplifier, 37 
ladder- type decoder, 31, 36 
random-pulse, 35 
reference switch, 37 

Digital communication, modulator, 393 
Digital computer (see Computer) 
Digital data, phone- line transmission, 732 

rz to nrz, 426 
Digital voltmeter, calibrator, 31 
Dimmer, fluorescent lamp, 136 

light-activated scr, 473 
scr, 133, 476 
silicon symmetrical switch, 472 
triac, 133 
uit-scr full- range 500-w lamp, 137 

Diode, harmonic generator, 452 
light-emitting, 226 
light-emitting modulator, 401, 402 

Dip meter, tunnel diode, 365 
Direction finder, 15-500 kc, 498 
antenna servo, 649 
degree counter, 151 
goniometer motor amplifier, 405 
phosemeter, 465 
r-f switch, 704 

Discriminator, 3 cps- 300 kc prf, 201 
23-Mc crystal, 56 
alternator frequency control, 203 
amplitude ratio indicator, 67 
channel- selecting, 200 
crystal oscillator control with WWV, Ill 
crystal reference frequency- hunting, 792 
data sampler, 624 
delta tv sound, 743 
differential, 203 
digital f- m, 299 
f-m, 331 
Foster-Seeley, 248 
Foster- Seeley color tv sound, 749 
Foster-Seeley mobile receiver, 330 
Foster- Seeley radar, 56 
four- channel, 725 
heart sound, 389 
level, 536 
low-cost f-m, 251 
modified Travis, 286 
phase, 200, 201 
phase- locked frequency, 202 
phase-modulated, 192 
phase-synchronizing, 112 
prf, 203 
pulse amplitude, 534, 565 
pulse- counting, 202 
pulse-counting f- m, 203 
pulse height, 534, 811 
pulse length measuring, 539 
pulse- level, 6 
pulse width, 81 
pulse width- height, 534 
radar pulse width, 552 
reference- frequency sampler, 626 
servo, 643 
solar x-ray pulse height, 533 
tunnel-diode, 535 
tunnel- diode pulse- height, 536 
tunnel-diode with d-c amplifier, 535 
two-stage audio, 201 
voltage or current pulse height, 533 
voltage-difference, 534 
Weiss radar, 55 
(See also Detector) 

Display, 50-kc cathode-ray, 90 
400,000-rpm tachometer, 70 
alphanumeric, 101, 102 
auto- locking gate, 68 
binary- controlled electroluu•rirreccent, 205 
binary neon counter, 208 
bistable indicator lamp driver, 436 
cathode-ray numeral generator, 101 
chopper-produced multitrace, 107 
cold-cathode numerical, 206 
crt control, 207 
crt numeric, 100 
crt unblanking pulse stretcher-expander, 542 
electroluminescent ring counter drive, 204 
flirt» usLeni-unade liked., 237 
gate- opening oscillator, 208 
Gray-binary code converter, 207 

Display, lamp driver, 769, 779 
lamp readout inversion, 207 
lamp with transistor drive, 207 
light-pen amplifier, 92 
light-pen preamp, 99 
magnetic contours, 708 
movable marker generator, 275 
nanosecond pulse, 208 
overlapping- dot character generator, 208 
pulse coincidence control, 206 
radar unblanking switch, 553 
radiation alarm failure, 567 
signal ratio, 205 
sonar cathode-ray, 204 
tick-tack-toe neon-lamp, 337 
transistor beta on cro, 93 
tv pulse-cross generator, 746 
two- intensity crt, 95 
two-signal cathode-ray, 89 
voltage bar graphs on cctv, 206 
(See also Cathode ray) 

Display limit control, video, 330 
Distortion, cutting class- B audio, 52 

monitor, 675 
Diversity combiner, pulse reshaper, 732 

telemetry, 723, 730 
Divider, cascaded bistable, 829 
frequency for f-m/f-m telemetry, 243 
(See also Frequency divider) 

Doorbell, two-tone electronic, 7 
Doppler, constant- amplitude oscillator, 448 

cycle counter, 23 
Doppler radar, demodulator, 191 
Dosimetry, electrometer, 564 
Doubler, Cockcroft-Walton voltage, 492 

f-m multiplexer, 692 
frequency, 692 
mobile receiver, 578 
telemetry transmitter, 730 
voltage, 496 
(See also Frequency multipler; Voltage multi-

plier) 
Driver, 5-Mc tunnel-diode memory, 121 

10-nsec pulse, 667 
0.5-ohm source impedance, 23 
beam-power video, 839 
clock output, 111 
core, 682 
horizontal output, 744 
light-emitting diode, 401, 402 
line printer hammer, 515 
mechanical counter for G- M, 561 
mos let phono preamp emitter-follower, 38 
phone- line digital data, 732 
scaler for G-M tube, 541 
scr power- switching, 321 
shift register, 341 
thin-film memory plane, 123 

Dry cell, current stabilization, 359 
Dynamometer, magnetic tape controlled, 66 

Eddy-current, flaw detector, 367, 370 
Eeg waveform, analyzer, 384 

zero detector, 383 
Electrocardiograph, amplifier, 380 
Electroluminescent display, binary control, 205 
Electrolytic capacitor, forming, 591 
Electromagnet, fine servo regulator, 648 

rough servo regulator, 649 
Electrometer, electron density measurement, 376 

preamplifier, 497 
radiation signal amplifier, 564 
reactor startup, 128 
wide-band feedback amplifier, 375 

Electron resonance spectrometer, wide-band ampli-
fier, 20 

Electronic heating, 27.12-Mc crystal-controlled di-
electric heater, 209 

27.12-Mc diathermy frequency-drift alarm, 212 
hydrogen-thyratron control, 211 
hydrogen-thyratron induction, 211 
isolation oscillator, 209 
power oscillator, 210 
regulator for high-power induction heating, 212 
repetition rate control, 211 
sawtooth-sync pulse generator, 210 

Electronic music, attack control amplifier, 676 
neon- oscillator synchronizer, 215 
neon tone generator, 213 
organ outphosed-tone generator, 215 
organ pedal generator, 214 
organ swell shoe, 213 
organ voicing panel, 213 
synthesizer, 214 
tone timbre demonstrator, 671 
ujt frequency divider for organ, 215 
u¡t metronome, 214 

Encoder, 1- Mc oscillator, 789 
binary, 337 
commutator, 789 
counter and limit trigger, 791 
ferrite-core digital recorder, 581 
five- bit parallel, 731 
output circuits, 791 
pulse width, 374 
shaft- position, 481, 484 

Envelope generator, tunnel diode, 338 
Ergmeter, pulse energy measurement, 370 
Exciter, 10- meter ssb, 798 

stepped frequency, 804 

Facsimile, 12-Mc distribution amplifier, 744 
Facsimile recorder, sweep generator, 584 

Facsimile recorder, sweep power amplifier, 585 
sync pulse shaper, 586 

Fader, autopilot, 130 
driver, 39 
electronic, 39 

Fading control, uhf scatter link, 192 
Failure indicator, 0-20 y power supply, 595 
Fathometer, portable, 836 
Feedback, 1,000-Mc video amplifier, 512 

Hall-effect field coil amplifier, 413 
Fencing, foil touch timer, 785 
Ferrite switch, microwave radiometer, 190 
Fiber optics, high- voltage, 226 
Filament supply, traveling-wave tube fail-safe, 

506 
Filter, 7-cps active bandpass, 220 

60-cps parallel-T notch with feedback, 218 
130- cps synchronous, 650 
800- cps active bandpass, 220 
4,900-5,100 cps slot, 271 
8-kc Q multiplier, 413 
100-kc magnetostrictive, 460 
325-kc multisection bridged-T, 219 
455-kc mechanical, 798 
20- channel L-C audio tone, 132 
active adjustable-bandpass audio, 216 
active low-pass R- C, 217 
active parallel-T 800-cps, 221 
active zero-crossing-sensing, 278 
adaptive, 516 
adjustable 400- cps tuning-fork, 218 
airborne marker beacon, 79 
automatic threshold control, 216 
band- rejection, 442 
bandpass photoreed, 481 
cascaded a-f, 222 
CB electromechanical, 792 
ceramic in i-f stage, 287 
diode voltage- regulating, 492 
dynamic notch, 222 
frequency analyzer, 669 
general bandpass-reject, 222 
lattice coupling, 221 
low-pass active shot noise suppressing, 220 
low-pass d-c to 1- cps, 219 
magnetostriction bandpass, 219, 222 
nonreactive, 542 
organ formant, 213 
parallel-T amplifier feedback, 294 
parallel-T feedback in 800-cps oscillator, 221 
power- line harmonic voltmeter, 852 
remotely tuned crystal i-f, 217 
sample-and- hold nonlinear filter, 440 
single-transistor smoothing, 222 
synchronous lag- lead, 647 
telemetry decoder notch, 733 
transmitter output lattice, 803 
triangular-to- sine conversion, 542 
triple- tuned 90-ohm input, 221 
triple- tuned 90-ohm output, 220 
twin-T 60-cps notch, 18 
twin-T 400-cps modulator, 221 
two- section low-pass R-C, 284 
unity- gain amplifier for third- order active 

low-pass, 217 
variable-bandwidth 848-kc crystal, 221 
variable- bandwidth radar preamp, 498 
variable electronic capacitor, 88 
vestigial sideband operation, 555 
voltage-controlled dropping resistor, 220 
Wien-bridge rejection, 222 
Zobel band-elimination, 218 
Zobel band-pass, 217 
Zobel high-pass, 219 
Zobel low-pass, 219 

Firing-angle control, scr, 608 
Fish fence, ignitron-pulsed, 707 
Fish shocker, d-c pulse generator, 524 

pulse generator control, 525 
Flash, 30 w- sec supply with charger, 74 
200 w-sec symmetrical inverter supply, 72 
adjustable strobe, 224 
blocking- oscillator drive for light-emitting 

diode, 226 
blocking- oscillator supply, 225 
high- voltage pulser, 223 
low-cost stroboscope, 225 
measurement, 482 
nuclear explosion detector, 559 
ratemeter, 229 
strobe oscillator- trigger, 224 
synchronizing timer, 228 
thyratron trigger, 225 
two- lamp shared- cycle strobe, 230 
underwater camera, 227 

Flash circuit, light-emitting diode, 223, 226, 228 
timing-mark generator, 228 

Flash control, scr, 227 
Flasher, 1- cps scs, 229 
50% duty cycle, 226 
adjustable-delay sanatron, 230 
intensity- controlling drive, 230 
low-current construction barricade, 229 
neon Halloween-pumpkin eyes, 230 
random-time, 227 
retina electrical stimulator, 385 
road icing alarm, 758 
rotating- beacon, 223 
triggered blocking oscillator, 224 
variable duty cycle, 228 
(See also Blinker) 

flaàh lamp, measuring output, 401 
pulse- forming modulutor, 395 
variable square-wave source, 528 

Flash tube, firing circuit, 486 
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Flash tube, noise-immune scr trigger, 809 
nuclear blast simulator, 682 
power supply, 229 

Flaw detector, magnetic tape, 779 
paper, 479 
zirconium wire, 772 

Flight recorder, timing motor supply, 585 
vertical acceleration, 584 

Flip-flop, 1.5-25 cps solenoid pump pulser, 237 
10-kc capacitor- commutated, 237 
250-kc, 235 
500-kc counter- shift register, 666 
1.5- Mc, 345 
5-Mc temperature-compensated, 236 
10-Mc buffered, 152 
10-Mc wide- temperature- range, 234 
27-picosec tunnel-diode, 236 
12-millimicrosec direct-coupled, 238 
20-millimicrosec diode-coupled, 238 
40-millimicrosec resistor-coupled, 238 
2 sec- 10 min timer, 298 
adjustable- hysteresis level-detecting, 236 
analog-digital converter, 34 
base-triggered, 813 
base- triggered with hybrid gate, 818 
basic bistable, 667 
basic saturated, 239 
binary neon, 208 
bistable thyratron, 781 
closed- ring sampling counter, 624 
collector-triggered, 819 
collector- triggered with trigger amplifier, 814 
complementary, 235 
compute amplifier, 34 
cross-connected integrated-circuit inverters, 302 
Darlington- linearized sweep, 699 
dctl, 239 
decimal counter, 156, 159 
direct- coupled, 238 
emitter-triggered, 815 
fast- recovery collector-triggered, 817 
feedback- stabilized, 236 
follower count-down, 231 
frequency-dividing, 370 
frequency- dividing 1.5-kc, 243 
frequency-dividing for firing capacitor bank, 241 
gated current-mode logic, 233 
gyro control, 130, 136 
heater control, 480 
high fan- out, 234 
high-speed, 338 
high-temperature saturated, 238, 239 
indicator triode, 237 
integrated, 300 
JK memory-drum recorder, 239 
lamp drive, 237 
load- sharing control for welder ignitrons, 862 
low-dissipation 1- Mc, 664 
magnetic drum read control, 587 
magnetic drum recorder control, 587 
magnetic drum write amplifier, 582 
microsec fall time for astable mvbr, 426 
neon, 765 
neon indicator, 207 
nor-function reset, 233 
nonsaturated design procedure, 235 
nonstalling for capacitive load, 231 
paired inverters using 2N711, 231 
pdm keyer, 728 
peak voltmeter, 857 
phase-difference meter, 473 
phase- locked frequency discriminator, 202 
photoelectric band-switching in distress 

transmitter, 79 
pnpn binary counter, 811 
radiation alarm, 560 
raster display, 91 
relay-driving, 375 
reversible binary counter, 160 
reversible decade counter, 153 
ring counter, 165 
ring- of- five counter, 204 
sample-and- hold, 625 
scale-of-two frequency divider, 232 
series- Schmitt set- reset, 810 
shift register, 665, 666, 668 
single-scs, 238 
starter for free- running, 233 
stepper relay, 230 
stopped- count indicator, 567 
superconducting contact test set, 778 
symmetrical saturated 2N711, 666 
three-phase ring counter, 314 
transformer-controlled counter, 165 
transformer- controlled shift register, 668 
transistor-testing, 232 
trigger circuit, 810 
tunnel diode-coupled, 234 
transistor turn-on for triggering, 232 
two- counter, 156 
unsymmetrical pulse generator, 424 
variable controllable sweep, 702 
(See also Logic) 

Flow gage, radioactive ¡et fuel, 567 
Flowmeter, frequency converter, 247 

portable transistorized, 367 
Fluorescent lamp, d-c power supply, 169 
dimmer, 136 
inverter, 313 

Flutter, measurement, 716 
Flux, Miller integrator, 312 
Flying-spot microscope, bone section scanner, 382 
Flying-spot scanner, ult raster generator, 640 
F- m (see Frequency modulation) 
Focus coil, current regulator, 92 

Foetoscope, 2-cps amplifier, 389 
Foil, automatic welding, 862 
Football helmet, telemetry transmitter, 725 
Forcing function, random stepped generator, 672 
Franklin superregenerative receiver, 

remote control, 620 
Frequency analyzer, filter and squarer, 669 
two-phase oscillator, 248 

Frequency control, mobile receiver, 578 
Frequency divider, 0.25 cps-250 kc ses, 242 

360-cps to 60-cps phantastron, 244 
81 for 80-Mc oscillator, 244 
101 stabilized mono mvbr, 241 
0-2,000 pps preferred blocking oscillator, 454 
blocking-oscillator pulse, 244, 245 
cascaded distance- mark, 243 
cascaded Eccles-Jordan, 240 
cascaded u¡t relaxation-oscillator, 242 
clock calibrator, 112 
Dekatron, 69 
digital magnetic core, 241, 243 
digital synthesizer, 242 
divide- by-5 ring counter, 240 
fet flip-flop, 232 
flip-flop, 375 
independent pulse- width control, 244 
organ pedal generator bistable mvbr, 214 
pcm telemetry, 243 
phasemeter, 471 
preferred blocking- oscillator distance- mark, 453 
saturable reactor, 784 
series flip-flop, 241 
timing signal generator, 673 
tunnel-diode, 113 
u¡t for electronic organ, 215 

Frequency doubler, velocimeter, 367, 370 
Frequency measurement, 1- cps f-m deviation, 248 

10-480 Mc, 246 
55-4,000 Mc single- pulse, 247 
cable delay, 249 
crystal lapping, 249 
film deposition, 249 
flowmeter, 247 
pulse rate, 248 
quick-disconnect tachometer, 69 
tachometer amplifier, 69 
vif time-signal preamp, 499 

Frequency meter, 0.2 to 10 cps, 246 
Frequency modulation, 460-kc wireless 

microphone receiver, 571 
1-Mc oscillator, 251 
4.5-Mc low-cost sound discriminator, 251 
10.7-Mc two- chip i-f strip, 282 
24-Mc varactor-modulated oscillator, 252 
50-Mc voltage- tunable oscillator, 254 
92-Mc transmitter, 732 
95-Mc f-m/f-m telemetry, 724 
100-Mc integrated- circuit receiver, 299 
100-Mc oscillator, 254 
100-Mc varicap oscillator, 251 
160-Mc 2-w power amplifier, 254 
160-Mc 15-w power amplifier, 255 
175-Mc transmitter, 796 
200-Mc voltage- controlled oscillator, 252 
230-Mc modulated oscillator, 252 
400-Mc varicap oscillator, 255 
406-549 Mc remote-control receiver, 619 
460-Mc receiver, 615 
afc for local oscillator, 822 
data demodulator, 191, 192 
double-conversion superhet, 574 
exciter tripler-doubler for 700-1,200 Mc, 262 
fet stereo tuner, 691 
football- helmet shock transmitter, 725 
linear modulator, 403 
low-cost single- chip tuner, 254 
lunar probe transmitter, 727 
modulation percentage monitor, 416 
multipurpose integrated- circuit chip, 301 
one-transistor transmitter, 803 
porn sample-and- hold, 626 
pulse- counter discriminator, 203 
recorded- signal discriminator, 626 
stereo demodulator, 694 
stereo matrixing, 691 
stereo multiplex tuner, 253 
stereo uses pin diode, 695 
strain- gage oscillator, 255 
tape-recorder demodulator, 717 
telemetry modulator, 730 
two-chip tuner, 250 
variable-bandwidth 848-kc crystal filter, 221 
voltage-tunable oscillator or modulator, 255 
weak-signal capture trap, 250 
wireless microphone, 802, 803 

Frequency-modulation stereo, compactron 
adapter, 693 

Frequency multiplier, 60-420 cps septupler, 258 
400-800 cps ceramic- dielectric oscillator, 262 
100 kc to 5 Mc, 260 
3 Mc to 54 Mc doubler-triplers, 259 
21-42 Mc doubler, 263 
40-160 Mc varactor quadrupler, 258 
50-100 Mc push-push doubler, 260 
50-100 Mc push- push varactor doubler, 261 
50-150 Mc tripler, 262 
50-100 Mc varactor doubler, 264 
50-200 Mc quadrupler, 263 
50-200 Mc varactor quadrupler, 260 
50-400 Mc varactor quadrupler, 257 
54-162 Mc tripler, 256, 257 
60-960 Mc doubler-quadrupler, 259 
80-160 Mc transmitter output doubler, 796 
121.5-243 Mc doubler, 263 
125-250 Mc parametric doubler, 264 

Frequency multiplier, 150-450 Mc tripler, 256 
162-180 Mc transmitter, 806 
200-600 Mc varactor tripler, 261 
223-Mc transmitter, 800 
500-1,000 Mc varactor doubler, 263 
500-4,000 Mc varactor octupler, 261 
1-gc tripler, 261 
1,000-times, 258 
a-f doubler, 264 
cascaded uhf doubler, 259 
cesium clock synthesizer, Ill 
decade driver, 262 
pulse shaper, 256 
SOS beacon, 78 
transmitter push-push output doubler, 804 
tripler-doubler for 700-1,200 Mc, 262 
uhf doubler, 260 
velocimeter, 367 
vhf varactor quadrupler, 264 
white noise, 679 

Frequency- shift keyer, 5-kc 
Colpitts oscillator, 451 
flip-flop controlled, 710 

Frequency synthesizer, uhf transceiver, 472 
Fuel flow, magnetic-amplifier gage, 350 
Fuel pump, transistor blocking oscillator drive, 67 
Function generator, cosine/sine, 267 

cube- root signal compressor, 267 
exponential, 267 
high-accuracy fet squarer, 267 
linear pulse width amplifier, 268 
radar target simulator, 266, 443 
random-noise analyzer, 268 
sine- cosine, 265 
sine-cosine approximator, 268 
spectrum- invariant random, 672 
square- law, 266 
squaring, 265 
three-dimensional radar target simulator, 681 
transistor- diode, 266 
(See also Generator; Pulse generator; Pulse 

processing; Pulse shaping; Sawtooth 
generator; Signal generator; Simulator; 
Staircase generator) 

Fuse, d-c amplifier electronic protection, 508 
Fuse circuit, transistor protection, 507, 508 
Fuze, electronic timer, III, 113 

Gage, photoelectric, 479 
Gain tester, transistor, 779 
Gallium arsenide lamp, driver flip-flop, 237 
Gamma-ray spectrometer, underwater, 475 
Garage door, control transmitter, 618 
Gas analyzer, filament emission control, 127 
Gas tube, noise-generator, 677 
Gate, 8-650 kc positive transmission, 280 

300-kc fet bridge, 273 
300-kc tandem fet bridge, 271 
5.5-Mc crystal oscillator, 277 
5.5-Mc varicap with dual triodes, 276 
30-Mc amplifier, 281 
50-Mc balanced tunnel diode, 345 
100-Mc tunnel- diode, 275 
150-Mc current- robbing, 269 
200-Mc interval timer, 269 
200-Mc pumped tunnel-diode computer 

logic, 278 
500-Mc computer clock, 280 
500-Mc tunnel-diode voltage divider, 280 
2 and 4 input- pulse nor, 341, 343 
5-fan- in nand/and/or, 339 
0.7-nsec rise time, 279 
10-nsec pulse, 123 
analog, 274 
analog fet chopper, 280 
analog sample-and- hold multiplex, 625 
and, 200 
and with nor logic for inversion, 278 
audio- controlled, 214 
balanced shorting- switch, 278 
basic integrated, 304 
basic nor, 280 
basic pnp, 275 
bidirectional counter, 158 
bistable, 156 
cascaded age amplifier, 60 
cascaded monostable tunnel-diode and, 276 
cascaded monostable tunnel- diode or, 276 
clock ambiguity- preventing latch, 328 
coincidence-anticoincidence, 565 
color- burst, 753 
computer clock driver, 121 
current-mode logic flip-flop, 233 
diode-coupled nand/nor, 341 
diode between ring counter and 

scope display, 273 
double nor, 347 
dual four-input, 297 
emitter- coupled and, 342 
event sequence detector, 269 
ferrite- core recorder drive, 583 
flashtube trigger, 225 
four- layer switching diodes, 277 
high-noise- immunity integrated-circuit, 303 
high-speed nor, 341 
interval- sensitive 4,900-5,100 cps, 271 
logic- controlled 32-Mc bursts, 277 
maiority, 348 
memory driver, 348 
memory strobe generator, 124 
memory strobing pulse, 122 
micromodule logic, 270 
missile tracker, 270 
missing- pulse detector, 6 
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Gate, mono mvbr generating step function, 427 
monostable, 320 
multiplexer, 270 
multiplexer sampling, 37 
mvbr, 274, 381 
mvbr-controlled bilateral, 279 
neon photoconductor, 271 
neon-triode, 273 
nipo nor, 349 
nor logic using series transistors, 274 
npn and logic, 347 
npn nor, 280 
npn series-transistor, 277 
output inverter, 271 
overvoltage transient, 583 
parallel-transistor, 344 
phontastran delayed, 279 
phase inversion without inverter, 279 
phase-shift keyer, 805 
pino nor, 341 
pnp series-transistor, 277 
power transistor tester, 770 
ppm demodulator, 729 
pulse- coded fault alarms, 272 
pulse coincidence detector, 539 
pulse height to width converter, 275 
pumped tunnel- diode nor, 338 
radar ppi sweep, 557 
radar video integrator, 309 
RCTL nand/nor, 341 
r-f, 520 
RTL nand/nor, 337 
sampling, 360 
scs protection, 446 
selective-calling oscillator, 272 
self-closing synchronized, 277 
self- setting servo, 276 
series-transistor, 347, 349 
sliding, 389 
sonar audio selection, 827 
superconducting contact test set, 778 
switching time test circuit, 300 
switching transistor, 729 
tachometer auto- locking, 68 
teaching-machine reward dispenser, 272 
tick-tack-toe neon- lamp logic, 337 
time- controlled, 279 
transistor-coupled nand'nor, 346 
trigger generator, 826 
tunnel- diode a-c bridge, 273 
tunnel-diode a-c bridge with toroid, 274, 280 
tunnel-diode and, 348 
ultrasonic pulse, 828 
ultrasonic receiver, 826 
universal NBS diode logic, 335 
variable-width mvbr, 275 
voltage failure protection, 502 
welding pulse generator, 862 
word switch, 345 
zero-crossing-sensing, 278 
(See also Logic; Switching) 

Gate turnoff, 100-kc chopper, 108 
d-c chopper, 107, 108 

Gated diode, beacon pulse modulator, 80 
Generator, 20-40 kc ultrasonic, 830 

300-kc tone burst, 271, 273 
8-22 Mc cro marker, 91 
100-Mc pulse, 519 
16- bit word, 681 
2.8-microamp constant-current, 170 
64- step staircase, 686, 687 
alternating- pulse, 807 
constant-current for linear sawtooth, 632 
constant-current mvbr, 423 
constant-current timing, 787 
cosine- wave, 102 
current pulse, 767 
current- voltage regulator, 169 
free- running sawtooth, 699 
high-power sonar pulse, 833 
memory clock pulse, 112 
mti clutter signal, 682 
programmed digital, 673, 682 
radar echo, 680 
radar time interval, 554 
ramp, 360 
random noise, 443 
random- noise pulses, 535 
sine- wave, 102 
square wave, 422, 430, 544, 807 
squaring-function magnetic, 355 
stereo subcarrier, 695 
sync, 519 
timer ramp, 710 
triggered sawtooth, 698 
(See also Oscillator; Pulse generator) 

Geiger-Müller cnunter, audio-visual indicating, 562 
cosmic- ray, 562 
radiation survey meter, 563 
three- level power supply, 495 

Glow tube, 1-kc counter, 161 
4-kc counter, 154 

Goldberg drift correction, d•c amplifier, 104 
Golf cart, pulse width modulation 

motor control, 408 
Goniometer, r-f switch, 704 
Gato pair, locked, 342 
Gray code, encoder, 34 
Gyro, d-c motor control, 406, 407 

lock- up alarm, 6 
magamp indicator servo, 350 
pitch or yaw servo, 659 
iull channel amplifier, 1•3/ 
temperature control, 758 

Gyro balancer, cro sweep trigger, 89 

Hall-effect multiplier, field coil drive, 413 
plate drive, 416 

Hall generator, amplifier chopper, 108 
commutator, 623 
multiplier, 413 

Hall multiplier, analog ratio computer, 415 
squaring, 415 

Handwriting, reading spelled-out digits, 336 
Harmonic generator ( see Oscillator) 
Harmonic voltmeter, power frequency, 852 
Headlight dimmer, photoelectric, 66, 71 
Heart, pacer, 390 
Heat (see Temperature control) 
Heater supply, regulator, 598 
High- frequency heating (see Electronic heating) 
Horizon sensor, infrared, 289 
Horizontal deflection, germanium-

transistor tv, 741 
Hydrogen thyratron, laser pumping switch, 395 
Hydrophone, preamplifier, 50, 825 
Hydrophone preamp, noise- suppressing fet, 828 
Hygrometer, alpha- counting, 558, 563 
Hysteresigraph, magnetic materials, 310 
Hysteresis control, Schmitt trigger, 810 

Iceberg, microwave-radiometer detector, 190 
Icing, alarm, 758 
Identification friend or foe, mixer with 

range strobe marker, 849 
mixer with radar marker, 842 

1-f (see under Intermediate frequency) 
Iff ( see Identification friend or foe) 
Ignition, 30-kv pulse generator, 71 

capacitive-discharge auto, 68 
electronic automotive, 65 
gas-tube electronic, 66 
magnetic- pulse, 69 
transistor switch, 711 
(See also Automotive) 

Ignitron, 360-kw switching circuit, 707 
crowbar, 765 
discharge-sherting, 708 
pulse- switching, 229 

Illumination ( see Photoelectric) 
Illumination control, photoelectric, 475, 480, 482 
Indicator, cathode-ray sonar bearing, 829 
chopper-type d-c, 472 
computer register, 664 
crt blanking, 686 
fencing foil time and sequence, 785 
fluorescent-anode triode, 237 
four-electrode neon, 207 
fuel-flow, 350 
gated amplitude ratio, 67 
incorrect polarity, 325 
line- voltage dip, 329 
off- limit transducer, 643 
power- line overvoltage, 505 
scr-controlled lamp, 769, 779 
self- balancing shunt bridge, 83 
switch position, 521 
three- lamp switching circuit, 207 
transistor- driven lamp, 207 
transistor-failure lamp, 595 
(see Character generator; Display; Voltmeter) 

Inductance control, differentiator, 125 
free- running mvbr, 426 
one-shot mvbr, 428 

Induction field, 460-kc f-m wireless 
microphone, 800 

Induction heater, closed- loop regulator, 212 
control oscillator, 209 
keyer and pulser, 212 
photographic dryer, 487 
power oscillator, 210 

Induction radio, 9-kc oscillator stabilizer, 799 
magnetic tape playback compensation, 717 

Industrial control (see Control) 
Infrared, 6.5- cps amplifier for air- leak 

detector, 17 
46- cps amplifier, 294 
60-cps servo amplifier for air- leak 

detector, 654 
air- leak detector, 456 
engine gas temperature measurement, 67 
engine heat detector, 293 
horizon sensor, 289 
mine- detector preamp, 294 
monochromator preamp, 291 
object detector-counter, 150 
Perkin-Elmer analyzer, 289 
phase-sensitive intrusion alarm, 5 
power monitor, 291 
space vehicle communication, 292 
steel strip width, 294 
transceiver, 290 
video modulator, 293 
width gage amplifier, 290 
width gage preamp, 292 
width gage translator, 294 

Infrared scanner, tangent-function sweep, 698 
Instrumentation, calibrating a-c meters to 

standard cell, 781 
magnetic recorder, 715 
magnetic tape reproducer, 714 

Insulation, controlling extrusion on wire, 87 
Integrated circuit, 10.7-Mc two-chip 

f-m i-f strip, 282 
15-Mc telemetry command receiver, 300 
1-w audio amplifier, 297 
a-f preamp, 305 
alternating and- or gate, 339 
audio output, 302 

Integrated circuit, audio power amplifier, 
304 

basic gate, 304 
basic RCTL logic inverter, 299 
bipolar pulse generator, 516 
buffer and logic, 301 
camera sync distributor, 737 
chopper drive for linear integrated. 

circuit tester, 303 
complementary-transistor logic, 305 
cross-connected inverters as flip-flop, 302 
Darlington audio preamp, 52 
Darlington- input operational amplifier, 298 
d-c operational amplifier, 305 
differential amplifier, 195, 196, 199 
dual four- input gate, 297 
five-voltage power supply for tester, 604 
flip-flop, 300 
f-m limiter, 197 
harmonic mixer, 198 
high- noise-immunity gate for logic, 303 
improved Darlington, 298 
line driver, 305 
logic- inverting, 339 
low-cost f-m tuner, 254 
measuring and gate switching time, 300 
measuring gate switching time, 300 
measuring performance with cro systems, 295 
memory sense amplifier, 296 
multipurpose chip, 301 
nonlinear-mode harmonic mixer, 296 
null amplifier and chopper for tester, 303 
optoelectronic coupling, 484 
or gate, 339 
output buffer, 305 
p- most amplifier, 302 
pressure- sensitive monostable mvbr, 297 
pressure-sensitive mvbr, 297 
pressure-sensitive oscillator, 301 
quad block, 304 
Schmitt trigger, 300, 303 
sense amplifier, 196, 301 
servo amplifier, 304 
servo frequency compensator, 647 
single-frequency 100-Mc f-m receiver, 299 
single-stage differential amplifier, 198 
staircase generator, 686 
thin-film pulse amplifier, 300 
timer, 298 
two-chip f-m tuner, 250 
two-stage operational amplifier, 302 
wideband amplifier, 296 

Integrated transistor-zener reference amplifier, 614 
Integrator, 100- cps phase- shift oscillator, 310 

20-Mc bandwidth-compensated R-C, 307 
250,000- gain amplifier, 306 
analog-computer blood flow- rate, 379 
automatic search and control for servo, 662 
bootstrap, 312 
chopper-stabilized d-c amplifier, 307 
clearing circuit, 312 
current pulse, 308 
d-c to 10 kc, 308 
d-e voltage, 391 
diode pump, 367 
distance measurement, 307 
electrical- readout solion, 310 
magnetic characteristics, 310 
magnetic core flux, 312 
Memistor, 312 
Miller, 381, 545 
noise dosimeter, 309 
operational amplifier controlled by 

synchronous reed switch, 311 
peak voltmeter, 857 
phantastron delay, 185, 189 
proportional amplifier, 311 
pulse, 146 
radar video, 309 
rotation-analyzing staircase, 67 
shmoo memory curve plotter, 306 
solion linear time base, 309 
time- base cycle- counting, 462 
triangular-wave generator, 629 

Intensifier, cro, 93 
Intensity control, crt, 95 
Interference, receiver susceptibility, 440, 520 
Interference protection, scs, 446 
Interference suporession, ionospheric 

sounding, 570 
radar, 552 

Intermediate-frequency amplifier, 15-cps 
spectrum analyzer, 284 

455-kc mobile, 288 
455-kc single-transistor, 288 
500-kc delay- line tuning, 282 
848-kc crystal filter, 221 
5.5-Mc germanium, 287 
5.5-Mc high-gain low- noise, 287 
6.25-Mc, 77 
10-Mc superregenerative, 286 
10.7-Mc two-chip f-m strip, 282 
22-Mc design, 288 
30-Mc with 2N2188, 285 
30-Mc with 2N2410, 285 
30-Mc pulsed-gated, 281 
30-Mc radar, 549 
30-Mc three-transistor, 285 
45-Mc cascode fet, 285 
60-Mc with 2N743, 288 
60-Mc grounded-grid triode, 283 
60-Mc logarithmic, 284 
60-Mc logarithmic thin-film, 288 
60- Mr rlirnn torode stage. 287 
60-Mc tetrode, 282 
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Intermediate-frequency amplifier, 70-Mc low- noise, 
284 

70-Mc neutralized, 281 
105-Mc, 139 
105-Mc with 2N2966, 286 
500-Mc stagger-tuned, 283 
a-m/f-m strip, 570 
ceramic- filter stage, 287 
complete optimized design, 283 
double- conversion, 57 
ground pulse blanker, 95 
low-noise for backward-diode detector, 285 
optimum design, 284 
out-of-baseband noise, 440 
preferred 30-Mc pulse- modulated afc, 54 
symmetrical limiting, 286 
three- transistor color tv sound i-f, 749 
three- transistor color video, 754 
video, 286 
(See also Receiver; Transceiver; Transmitter) 

Intermediate frequency filter, remotely 
tuned crystal, 217 

Intervalometer, low-cost u¡t-scr, 791 
pulse width controller, 544 

Intrusion alarm, capacitance-bridge, 88 
(See also Alarm) 

Inverter, d-c to 18 kc to d-c, 315 
d-c to 50 kc to d-c, 313 
1.5-25 cps solenoid pump pulser, 237 
60- cps 20-w, 318 
60- cps 100-w, 318 
60-cps 200-w 115-v, 316 
60- cps 250-w dual- transformer, 319 
60-cps 400-w dual transformer, 317 
400- cps fork control, 324 
400- cps power amplifier, 319 
400- cps variable-gain amplifier, 315 
2-kc parallel, 322 
9.6-kc fluorescent, 313 
50 kc at 100 w, 320 
10-nsec pulse, 123 
12 v d-c to 8.5 kc, 145 
12 y d-c to 250 kc, 143 
24 y d-c to square-wave a- c, 320 
28-v d-c to 400- cps a-c, 324 
28 y d-c to 10 kc, 147 
4 w at 150 y from flashlight cell, 326 
basic RCTL logic integrated circuit, 299 
black- light supply, 321 
capacitor turnoff, 325 
code converter phase, 323 
cross-connected integrated- circuit 

as flip-flop, 302 
cross-coupled as flip-flop, 231 
d-c voltage, 96 
delay circuit, 314 
differential transistor-magnetic, 353 
differential-mvbr magnetic, 326 
dual speed-up windings, 323 
dual-triode magnetic, 326 
frequency standard control, 468 
induction motor drive, 407 
lamp-flashing, 226, 228 
logically redundant, 324 
low-cost computer logic, 342 
low- voltage high- current, 320 
neon- photoconductor, 349 
nondifferential transistor- magnetic, 354 
parallel, 778 
parallel reactive- load, 322 
positive-feedback fast-switching, 324 
power-switching output stage, 326 
propagation time measurement, 366 
protection from incorrect polarity, 325 
pulse delay, 185. 186, 189 
pulse polarity, 516 
pulse sequencing of scr parallel, 325 
pulse- width modulator, 315 
reducing idling current, 321 
reference element, 323 
rotating- beacon, 223 
scr driver, 321 
scr static alternator, 314 
scr trigger, 426 
self-excited half- bridge, 325 
self-excited three-phase, 315 
speed-up winding, 323 
square-wave drive, 322 
symmetrical photoflash, 72 
three-phase regulator, 316 
three-phase ring counter, 314 
three-transistor, 339 
transformerless scr bridge, 323 
transient- suppressing trigger, 816 
transistor- magnetic, 322 
transistor tester, 770 
two-capacitor fast- switching, 319 
uni junction control, 425 
unity-gain autopilot, 322 
voltage regulator, 197 

Ionization, cosmic-ray, 562 
lonosonde, long-duration stepped-sweep, 685 
lonosounder, 2.2-Mc transmitter, 548 
Ionosphere, sounding transmitter simulator, 677 
lonosperic sounding, tone signal suppression, 570 
Isolation, magnetoresistor, 84 

Jam detector, conveyor, 482 
Jammer, conversation, 461 
Jitter monitor, radar mti, 546 
Jitter suppression, digital receiver, 623 

Keyer, distress-frequency transmitter, 79 
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Keyer, induction heater, 210 
induction heater oscillator, 212 
neurosurgery oscillator, 382 
phase- shift, 805 
squelch-actuated repeater, 442 

Keying, oscillator, 451 
paging transmitter, 801 
transient-free photoelectric, 481 

Keying monitor, sensitive broadband c-w, 449 
Klystron, color tv pickup reference oscillator, 752 

regulated magnetic-amplifier supply, 592 

Lamp, burnout alarm, 7 
dimmer, 472 
driver, 769, 779 
flasher circuit, 226, 228 
fluorescent inverter, 313 
intensity control, 475 
programmed preheoter control, 129 
radiation alarm failure, 567 
scr brightness control, 128 
scr dimmer, 133 
transistor failure- indicating, 595 
trioc dimmer, 133 

Lamp dimmer, light-activated scr, 473 
scr, 476 

Lamp display, readout inversion, 207 
Lamp drive, tumor-scanner, 387 
Lamp driver, bistable, 436 

scr, 664 
Lamp preheater, light-activated scr, 478 
Langmuir probe, sporadic-E ionization, 376 
Lapping, automatic shutoff control, 249 
Larynx, artificial, 388 
Laser, modulator current control, 167 

receiver preamp, 499 
Laser beam, preamp, 500 
Laser flash tube, power supply, 229 
Laser tv, audio driver, 739 
Latch, 120 y a-c Triac, 329 

a-c static using toroids and scr's, 327 
clock pulse register, 328 
fet light-activated relay, 328 
lamp- switching, 328, 329 
magnetic-firing ci-c 1.7-kw scr, 328 
neon- photoconductor, 328 
saturable- reactor, 709 
stepper relay reset coil, 328 
transient- pulse detector, 329 
t4t, 327 
ujt for inductive- load scr, 329 

Latching circuit, lamp, 4 
Leak detector, 60- cps servo amplifier, 654 
automotive air-suspension system, 17, 456 

Leakage, capacitor and diode testing, 782 
Leakage current, measurement, 369 
Leakage resistance tester, operational trigger, 771 
Leakage tester, transistor, 770, 779 
Level control, liquid, 136 
Life test, microwave triodes, 773 
Light (see Photoelectric) 
Light beam, communication, 401, 402 
Light-beam communication, current-mode 

switch, 223, 228 
Light control, ambient- level agc, 476 
Light pen, high-gain amplifier, 92 
preamp, 99 

Light transients, measuring, 481 
Limiter, 500-kc, 439 

6- Mc- bandwidth high- linearity, 331 
27-Mc CB receiver, 334 
80-db dynamic range, 331 
a-f noise, 332 
audio dynamic-range, 267 
bipolar, 334 
current, 331 
duty-cycle, 332 
fast-acting, 333 
f-m integrated- circuit, 197 
mobile color tv pickup, 332 
mobile receiver, 330 
nonadditive video mixer, 848 
preferred a-m receiver noise, 333 
preferred video, 332 
pulse, 374 
radar noise analyzer, 332 
series noise, 333 
series- parallel audio noise, 334 
symmetrical i-f, 286 
telemetry low-level amplifier, 331 
video signal, 330 

Line driver, integrated, 305 
Liquid level, measurement, 363 
Load switching, flying-spot scanner, 639 

flying- spot scanner, 642 
Locking, coherent oscillator, 672 
Logarithmic attenuator, pulses, 362, 373 
Logarithmic diode, reactor startup, 128 
Logic, 1.5-Mc flip-flop, 345 
300-Mc pino-nipo, 346 
500-Mc clock gate, 279 
2 and 4 input nor gate, 341,343 
alternating and-or gate, 339 
anticoincidence detector, 540 
arithmetic cell, 120 
basic integrated gate, 304 
basic parallel- transistor npn, 344 
basic parallel-transistor pnp, 344 
basic RCTL integrated-circuit inverter, 299 
basic series npn, 347 
basic series pnp, 349 
binary adder, 335 
binary encoder, 337 
bird- direction-of flight, 150 

Logic, bistable and circuit, 345 
blocking oscillator control, 338 
complementary RDTL nor, 341 
complementary- transistor integrated-circuit, 305 
current-mode gated flip-flop, 233 
dctl flip-flop, 239 
digit line decoupler, 340 
digit line driver, 344 
diode-coupled nand/nor gate, 341 
double nor gate, 347 
drive for bilateral transistor, 725 
drivers, 341 
emitter-coupled astable driver, 430 
emitter-coupled and gate, 342 
envelope generator, 338 
exclusive-or, 345 
full adder, 123 
half-adder, 121 
high-speed binary, 336 
high-speed flip-flop, 338 
hybrid nor, 340 
integrated-circuit amplifier, 301 
integrated line driver, 305 
inverting amplifier, 339 
largest-signal selector, 343 
level converter, 144 
level shifter, 335 
locked-pair tunnel-diode, 342 
low-cost inverter, 342 
majority- decision 50-Mc gate, 345 
majority gate, 348 
memory information-extracting driver, 348 
memory information- inserting driver, 346 
memory X- pulse amplifier, 343 
memory Y-pulse amplifier, 349 
microenergy flip-flop, 234 
monostable or circuit, 349 
multi-emitter-transistor or gate, 339 
nand/and or gate, 339 
neon-photoconductor inverter, 349 
neon with pnp exclusive-or, 347 
neuron model, 343 
neuron model without integrator, 346 
nor, 347, 348 
nor up to 8 Mc, 347 
nor gate, 238, 708 
npn and gate, 347 
odd-even, 346 
or, 338, 343 
paired- inverter flip-flop, 231 
pnp exclusive-or, 347 
pulse sequence detector, 540 
pulse train generator, 531 
pumped tunnel-diode nor gate, 338 
random-noise analyzer, 268 
RC-coupled binary, 348 
RCTL nand/nor gate, 341 
read-write amplifier, 336 
RTL nand/nor gate, 337 
script word recognition, 336 
sense amplifier, 340 
single-supply nor to 1 Mc, 349 
stepper servo motor tester, 777, 778 
storage-diode selection matrix, 342 
telemetry commutator simulator, 678 
thin-film toggling, 340 
thin-film toggling with transistor, 349 
three-state, 340 
tick-tack-toe memory, 344 
tick-tack-toe neon- lamp gates, 337 
transistor- coupled nand/nor gate, 346 
transistor-diode nor gate to 2 Mc, 343 
tunnel-diode and gate, 348 
tunnel-diode or gate, 348 
two- input nor gate, 341, 349 
universal NBS diode, 335 
word switch, 345 
(See also Computer; Flip-flop; Gate; Switching; 

Trigger) 
Luminance amplifier, color tv, 751 

Machine gun, firing- rate control oscillator, 131 
Machine tool, motor control, 410 
Machining, electric spark, 128, 129 
Magnetic amplifier, computer open-fuse detector, 

351 
conveyor belt slip detector, 353 
differential two-transistor inverter, 353 
double-bridge open-fuse detector, 354 
four-quadrant multiplier, 414 
four-quadrant square-law analog multiplier, 353 
fuel flow gage, 350 
gyro indicator servo, 350 
high- voltage regulated power supply, 355 
nondifferential two-transistor inverter, 354 
power supply control, 352 
quarter-wave multiplier, 355 
reflex klystron power supply, 355 
regulated klystron supply, 592 
regulated power supply, 351 
self- balancing 400-cps servo motor drive, 352 
square- law analog multiplier, 351, 354 
synchronously switched biased diodes, 355 
two-speed servo motor drive, 354 

Magnetic contour, display, 708 
Magnetic control, transistor gain, 12 
Magnetic film, measuring switching speed, 628 
Magnetic firing, scr latching relay, 328 
Magnetic gage, flashtube trigger, 225 
Magnetic induction, cave mapping, 374, 376 
Magnetic shift register, autopilot, 665 
Magnetic tape, flaw detector, 779 

flutter measurement, 360 
preamplifier, 39, 45 



Magnetic tape, skew control, 356 
(See also Audio; Recorder; Tape Recorder) 

Magnetic tape handler, photoelectric alarm, 7 
Magnetic tape recorder, playback of event-timing 

signal, 586 
Magneto, zero-power tachometer, 68 
Magnetometer, 325-kc bridged-T filter, 219 

proton precession, 368 
Magnetoresistor bridge, 84 
Magnetoresistor control, scr, 83 
Magnetostriction, tv remote control, 830 
Magnetostriction delay line, serializer, 180 
Magnetostriction filter, oscillator, 219, 222 
Magnetostriction oscillator, 100-kc, 460 
Magnetron, 2-kv modulator switching module, 398 

300-kw modulator, 397 
injection electrode supply, 592 
magnetic pulser, 554 
radar four-diode modulator, 401 
regulated filament supply, 614 
series-diode modulator, 400 
transformer-triggered modulator, 400 
X-band radar transmitter, 556 

Magnetron beam tube, switching circuit, 537 
Manometer, photoelectric, 386 
Marker, 8-22 Mc cro, 91 
Marker beacon, 75-Mc receiver, 77 
Matching, gamma, 569 
Matrix, counter, 159 

electroluminescent display, 204 
microwave system alarm, 3 
translation circuit, 343, 349 

Matrixing, f-m stereo adapter, 691 
Measurement, 10 cps to 1 Mc, 146 

3-260 Mc tunnel-diode dip meter, 365 
200-Mc transistor noise figure, 441 
1-nsec pulse peak amplitude, 855 
a-c resistance with milliohmmeter, 375 
a-f phase shift, 361 
amplifier distortion, 27, 359, 675 
amplifier linearity, 629 
amplitude probability density function, 441 
antenna impedance, 674 
antenna radiation pattern, 802 
auditorium acoustics, 309, 787 
auto engine speed, 71 
axis-crossing interval, 90 
bird flight speed, 150 
blood flow, 377 
blood flow rate, 267, 379 
blood oxygenator volume, 380 
blood pressure, 378, 384, 386 
body temperature, 758 
cable fault location, 764, 769, 772 
cable propagation delay, 249 
calibrating a-c meters to standard cell, 781 
capacitance, 368 
capacitance-type aircraft fuel gage, 86 
cell- growth microphotometer, 481 
cement setting time, 359 
cladding or plating thickness, 367, 370 
coating thickness, 362, 365 
coax delay, 365, 372 
coherent oscillator jitter, 546 
cosmic- ray neutrons, 726 
crt pulse height, 81 
daylight intensity, 484 
d-c voltage comparator, 850 
dewpoint, 480 
dielectric properties, 663 
dielectric strength, 775 
differential transformer core displacement, 645 
digital circuit delay, 524 
dimensions of rotating parts, 479 
distance with accelerometer, 307 
dynamic notch filter for noise rejection, 222 
electron density, 376 
engine gas temperature, 67 
engine rpm, 65, 68 
eyeball pressure, 378 
eye pupil movements, 642 
(et pinchoff voltage, 369 
film density, 364 
flashlamp output, 481 
flip-flop peak voltmeter, 857 
flowmeter frequency converter, 247 
f-m modulation percentage, 416 
f-m strain- gage oscillator, 255 
frequency-dependent noise, 442 
frequency jitter, 156 
frozen-food temperature, 758 
fuel- flow, 350 
gas flow, 462 
gyro vibration, 89, 98 
high- impedance source voltage, 174 
high-speed multiplexing counter, 624 
home and outdoor temperatures, 759 
infrared energy absorption, 289 
infrared horizon sensor, 289 
infrared power, 291 
instantaneous and peak core flux, 312 
instrument insulation resistance, 772 
Insulation resistance, 782 
integrating circuit time interval, 786, 790 
invisible flaws in wire, 772 
ionosphere electron density, 548 
iet fuel flow, 567 
eakage resistance, 771 
ight flashes, 482 
mear integrated- circuit performance, 295 
inc voltage dip, 329 
iquid density, 128 
;quid level, 363 
ogarithmic attenuator, 362, 373 
ow-energy space particles, 566 

Measurement, magnetic characteristics, 310 
magnetic fields in space, 368 
magnetic- induction cave mapper, 374, 376 
magnetic materials at narrow pulse widths, 525 
magnetic tape flutter, 360 
metal tension and elongation, 134 
meter protection from pulsed transducer, 507 
micromicroammeter, 371 
micromicroampere currents, 375 
millivolt d-c voltages, 858 
missile position and velocity, 23 
moisture in powder, 359 
Mossbauer-effect spectrometer, 356 
movie camera frame rote, 485 
nanoampere sensing circuit, 364 
neutron, 564 
neutron analyzer, 560 
neutron diffraction, 559 
noise dosimeter, 309 
noise figure, 358, 439, 779 
nuclear particle flight time, 783 
ocean depth, 835 
overtone crystal parameters, 83, 776 
paper flaws, 479 
parallel-mode transducer, 643, 649 
phase, 201, 648 
phase at 15 to 400 Mc, 466 
phase up to 2,000 Mc, 472 
phase angle, 470, 473 
phase shift at 30 Mc, 469 
pH meter, 372 
picoampere, 369, 497 
position of encapsulated metal part, 225 
power supply temperature coefficient, 614 
prf, 203 
printed circuit widths, 477 
projectile acceleration, 731 
projectile nose pressure, 731 
pulse amplitude, 538 
pulse energy content, 370 
pulse energy in coulombs, 308 
pulse frequency, 191, 192 
pulse height, 115, 534 
pulse rate, 248 
pulse- reference phase angle, 468 
pulse width, 374, 539, 630 
pulse width with linear bootstrap time base, 634 
radar auto speed meter, 545 
radiation at 0.5-50 milliroentgen per hour, 563 
radiation exposure, 564 
radiation of high-altitude alpha particles, 558, 

563 
radio propagation, 804 
radioactive dust particles, 560 
radioactivity of tracers, 564 
radio bearing, 465 
radio wave direction, 498 
random time interval, 789, 791 
receiver noise, 440, 520 
recorder wow and flutter, 201 
relay chatter time, 774 
resistance, 808 
resistance comparator, 375 
resistance in milliohms, 781 
r-f power, 362 
r-f voltage, 851 
river flow velocity, 836, 837 
rocket surface temperature, 756, 757, 760 
satellite position and velocity, 448 
scr turnoff time, 778 
self- balancing strain- gage bridge, 83 
semiconductor resistivity, 168 
servo system angular lag with photodiode 

pickofF, 481 
shock spectrum, 376 
short-term frequency stability, 672 
signal phase difference, 470, 474, 808 
small phase anales, 471 
solar x-rays, 533 
sound level, 444 
sound level meter, 44 
speed of inaccessible rotating parts, 71 
speed of sound in water, 367, 370, 371 
spot-welding current, 859 
stab o stability under vibration, 460 
steel strip width, 290, 292 
strain- gage amplifier, 366 
superconductor critical current, 778 
swr, 373 
tachometer amplifier- frequency meter, 69 
tape recorder wow and flutter, 716 
temperature, 757, 758, 763 
temperature by nuclear resonance, 760 
thickness of moving wire, 363 
thin magnetic films, 628 
tissue impedance, 387 
tool running time, 785 
transducer- controlled crystal oscillator, 140 
transistor alpha cutoff, 375 
transistor beta, 358, 774 
transistor conversion gain, 358 
transistor forward- current transfer ratio, 360 
transistor h-fe at 100 Mc, 782 
transistor leakage, 770 
transistor noise figure at 200 Mc, 444 
transistor open- circuit output admittance, 361 
transistor power gain, 362, 782 
transistor propagation time, 366 
transistor reverse- voltage transfer ratio, 371 
transistor short-circuit input resistance, 360 
trawl net depth, 825, 831 
transistor thermal data, 359 
tunnel diode chercrteristit rurve. 94 
tunnel diode curves, 700, 771 
tunnel diode d-c parameters, 373 

Measurement, tunnel- diode negative resistance, 
374 

ultrasonic delay line characteristics, 828 
ultrasonic propagation time in sea water, 826, 
834 

ultrasonic velocity, 825, 826, 834 
underwater gamma radiation, 475 
vacuum, 564 
valve closure time, 784 
vertical acceleration, 584 
vibration, 369 
voltage, 812, 813 
voltage dips, 858 
voltage in semiconductor circuit, 854, 856 
vswr, 357, 362 
water velocity, 367 
wind velocity, 727 
wire enamel thickness, 87 
(See also Counter: Frequency measurement; 

Meter; Pulse height analyzer; Radiation; 
Sampling; Telemetry; Tester; Timer; Voltage 
measurement; Voltmeter) 

Medical electronics, 3-kc three-output oscillator, 
383 

13-kc ultrasonic responder for blind, 832 
15-Mc receiver for brain command signals, 300 
27.12-Mc diathermy frequency-drift alarm, 212 
anesthesia control, 387 
artificial- hand amplifier, 390 
artificial- hand servo, 388 
artificial larynx, 388 
automatic blood pressure monitor, 386 
batteryless pacemaker, 392 
blood flow- rate integrator, 267, 379 
blood pressure indicator, 384 
blood- pressure monitor, 378 
blood- pressure regulator, 385 
blood- volume servo, 380 
bone section scanner, 382 
capacitance-sensing cane for blind, 88 
cardiac pacemaker, 383 
ecg amplifier, 380 
eeg telemeter, 388 
eeg waveform analyzer, 384 
eeg waveform zero detector, 383 
electronic tonometer, 378, 392 
eye- motion recorder, 386 
eye- motion tracker, 483 
foetal heartbeat detector, 389 
heartbeat telemeter, 377 
heart- block pulse amplifier, 385, 391 
heart-lung machine control, 377 
heart pacer, 390 
heart rate regulator, 390 
heart sound selector, 389 
heart- sound zero- crossing detector, 278 
intravenous infusion bubble detector, 131 
iron- lung air intake control, 388 
low-cost intervalometer, 791 
measuring eye pupil movements, 642 
measuring tissue impedance, 387 
muscle potential telemeter, 391 
myoelectric stimulator, 385 
nerve- fiber- potential recorder, 721 
nerve potential transmitter, 389 
neuron simulator, 683 
neurophysiology stimulator, 384 
neurosurgery oscillator keyer, 382 
neurosurgery ultrasonic oscillator, 386 
neurosurgery vtvm, 392 
pill tracer, 391 
preset neurosurgery pulse counter, 390 
recording manometer, 386 
retina stimulator, 385 
retina welder, 379 
retina welder control, 381, 391 
timing-signal playback for biomedical research, 

586 
tumor- scanner amplifier, 387 
video processor for blood-cell scanner, 32 
x-ray tube pulser, 381 

Memistor, integrator, 312 
Memory, 5-Mc driver, 121 

analog sample- hold, 36 
basic pnpn trigger, 815 
clock pulse generator, 112 
digit line decoupler, 340 
digit line driver, 344 
exclusive- or logic for shmoo curve plotter, 345 
fast- readout 500-Mc gate, 280 
fast- rise current driver, 705 
ferrite time- of magnetization, 126 
French SECAM color tv one- line, 748 
high- gain readout amplifier, 120 
information-extracting driver, 348 
information- inserting driver, 346 
inhibit driver, 122 
integrated- circuit sense amplifier, 296 
integrator for shmoo curve plotter, 306 
limit detector for shmoo curve plotter, 535 
marker- pulse blocking oscillator, 125 
matrix readout, 122 
nonstalling flip-flop drive for capacitive load, 

231 
peak capacitor voltage, 536 
peak voltage, 376 
peak voltage for 0-10 cps, 856 
pnpn ring counter, 820 
power transistor switching, 708 
pulse generator, 121 
pulsed drive current amplitude detector, 167 
read-write blocking oscillator, 125 
sense amplifier, 123, 124, 812 
shmoo curve plotter, 432 
storage- diode selection matrix, 342 
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Memory, strobe pulse generation, 124 
strobing-pulse gate, 122 
thin-film current driver, 124 
thin-film sense amplifier, 124 
tick-tack-toe logic, 344 
transistor switching circuit, 713 
tunnel- diode temporary bistable, 711 
word switch, 345 

Memory core, tester, 767 
Memory tester, linear ramp generator, 637 
Meter, capacitance, 368 
Meter, expanded- scale swr, 373 

portable power tool running time, 785 
pulse rate, 248 

Metronome, two- transistor, 215 
Microammeter, Hall-generator, 108 
Microcoulometer, 30 sec- 350 hr delay, 188 
Micromicroammeter, servo- controlled, 371 
Micromodule, flip-flop, 235 

(See also Integrated circuits) 
Microphone, preamplifier, 45 

wireless, 802, 803 
Microphone preamplifier, capacitor, 49 
Microphotometer, stained-cell transmittance, 481 
Microwave, diode harmonic generator, 452 

fault alarm, 272 
Kilo diode switching, 706 
measuring projectile acceleration, 731 
receiver klystron afc, 55 

Microwave link, regulated klystron supply, 592 
Microwave relay, afc for mobile color pickup, 750 

color tv pickup reference oscillator, 752 
lost-carrier generator, 459 

Microwave system, fault alarm, 3 
Miller action, phantastron sweep, 698, 699 
Miller integrator, sawtooth generator, 636 

triggered sweep, 698 
Miller superregenerative receiver, remote control, 

618 
Milliohmmeter, transistors as rectifiers, 375 
Millivoltmeter, d-c fet, 853 
Mine detector, preamp, 294 
Mines, underwater ultrasonic telemetry, 831, 832 
Missile, beam- rider radar target simulator, 443 
Missile fuze, electronic timer, 111, 113 
Missile guidance, acquisition relay, 127 
Missile tracker, display gate generator, 270 
Mixer, 27-Mc CB transmitter, 139 

30 Mc to 5.5 Mc, 143 
120 Mc to 10.7 Mc nonlinear-mode integrated 

harmonic, 296 
255-Mc, 144 
420-Mc, 140 
450 Mc to 30 Mc, 144 
10-nsec pulse, 123 
balinverter, 138 
common-plate video, 844, 846 
cutoff- biased triple- input video, 840 
diode tv, 746 
distortion monitor, 359 
dual- grid pentode video, 848 
fet uhf tv, 823 
five- input radar marker, 845 
four- input high-level video pulse, 846 
harmonic integrated-circuit, 198 
marker- if, 842 
mos fet, 144 
nonadditive common-plate video, 844 
nonadditive video, 848 
partial-adding video, 841 
pentode common-plate video, 842 
pentode video, 846 
preferred common-cathode video, 849 
preferred low-level common-plate video, 843 
radar and beacon video, 849 
radar range strobe marker, 842 
radar video amplifier chain, 839 
range strobe marker- if, 849 
silicon- transistor, 798 
three if signals, 847 
three- input two- output video, 843 
three- input two- pentode video, 849 
three-pentode video, 845 
transistor tester, 771 
triode common-plate video, 848 
two- input three- output video, 847 
two-pentode radar and if, 849 
two-pentode video, 849 
uhf tv, 823 

Mobile radiotelephone, CB decoder, 795 
Modulation, light- emitting diode, 228 
Modulation suppression, diode quad, 403 
Modulator, 9-kc induction radio, 799 

25-kc trigger generator, 808 
25-75 kc frequency, 720 
100-kc hybrid balanced, 400 
100-kc prr, 398 
2-kv switching module, 398 
250- kw ten-diode radar, 548 
300-kw magnetron, 397 
10-Mc CCTV carrier, 745 
23-Mc voltage-controlled, 460 
100-Mc varicap f-m oscillator, 251 
150-Mc telemetry carrier, 731 
230-Mc self- reactance, 252 
243-Mc beacon, 80 
400-Mc varicap f-m oscillator, 255 
0-200 pps variable- width pulse, 403 
a-c for photomultiplier, 477 
balanced, 649 
balanced adf, 395 
balanced silicon-transistor, 798 
balanced-triode sine- wave, 399 
beacon transmitter, 80 
blocking- oscillator X-band pulse radar, 555 

Modulator, Boynton-Scholt, 396 
capacitor- balanced ssb, 397 
cascade angular, 394 
CB direct R-C coupled common-emitter, 396 
CB transformer- coupled base, 403 
CB transformer-coupled collector- modulated 

transmitter, 397 
CB transformer-coupled series d- c, 398 
chopper, 399 
delta- sigma, 393 
Diamond, 396 
diode quad, 403 
double-balanced ring, 695 
duo-diode half-wave switch, 403 
ferrite-core microwave, 731 
flat- display tv, 734 
f-m/p-m, 398 
f-m telemetry, 730 
full- wave scr a-c switch, 864 
infrared, 290 
infrared television transmitter, 293 
orge- ronge pulse width, 399 
aser pumping, 395 
ight, 476 
ight-emitting diode, 223, 226, 401, 402 
mear f- m, 403 
mear voltage-frequency converter, 142 
inc type 250- kw peak, 393 
ow-frequency f- m, 721 
magnetic pulse- time, 399 
missile transponder, 548 
modem pulse shaper, 396 
myoelectric stimulator, 385 
pam video recorder, 394 
phase, 733 
photochopper, 851 
ppm multiplexer, 395 
pulse amplitude, 416 
pulse ratio, 394 
pulse train amplitude, 402 
pulse width, 315, 396, 415, 416, 811 
radar four- diode magnetron, 401 
R-C coupled base, 403 
r-f tv camera, 736 
ring, 402, 693 
satellite transmitter, 728 
sawtooth ramp, 636 
Schmitt trigger, 303 
series-diode magnetron, 400 
servo current-subtracting, 646 
shaft position servo, 661 
stabilized signal generator, 672 
stereo phase, 693 
synchronous-detection balanced, 440 
temperature control, 759 
three-tone, 803 
three- tone telemetry, 618 
transformerless base, 401 
transformerless collector, 400 
transformerless linear, 402 
transformer-triggered magnetron, 400 
triode clamp, 401 
tv laser, 739 
twin-T 400-cps filter, 221 
variable-plate- resistance, 402 
variable rectangular-wave, 618 
variable-width pulse, 398 
voltage-tunable f- m, 255 
wide-band transformer, 396 
wide-range voltage-controlled oscillator, 455 

Modulator tube, protection, 765 
Moisture meter, current-stabilized, 359 
Monitor, distortion, 27, 359 

leakage current, 770 
line- voltage failure, 1 
missile performance, 727 
missing- pulse and d-c dropout, 6 
r-f power and vswr, 362 
slow-scan tv, 742 
telemetry command pulse, 726 
transducers, 643, 649 
voltage, 812 
voltage bar graph display, 206 
voltage and current, 811 

Monochromator, missile plume, 291 
Mossbauer effect, spectrometer, 356 
Motor, 440-cps power supply, 585 
Motor control, 400-cps servo magamp drive, 352 

0.5- hp shunt wound d-c, 408 
1-kw a-c phase, 471 
3-w servo power amplifier, 661 
acceleration-sensing switch, 408, 410 
adf goniometer, 405 
adjustable d-c field supply, 352 
balanced- bridge reversing drive, 411 
commutator noise actuates muting system, 412 
constant-current battery-charger rheostat, 75 
constant-speed 400-cps, 404 
conveyor belt slip, 353 
crystal oscillator, Ill 
directional d-c, 412 
four-transistor inverter, 407 
full- wave a-c or d-c, 404 
full- wave push-pull a-c servo, 407 
full-wave push-pull shunt motor, 405 
golf cart drive, 408 
governor-transistor for 0.5- hp d-c, 411 
milling machine, 410 
mvbr modulator for full-wave scr power switch, 
864 

one- source gyro, 407 
overhead crane, 404 
reversible d-c shunt motor, 410 
reversing, 406, 412 
reversing full- wave d- c, 409 

Motor control, reversing series-wound universal, 
410 

scr noise suppressor, 445 
scr zero-crossing synchronizer, 136 
series actuator solenoids, 407 
sidereal-time clock, 113 
small permanent-magnet d-c motor, 409 
speed- controlling chopper for battery-powered 

vehicle, 107 
stepper pulse generator, 411 
stepping, 412 
switching-mode, 406 
synchronizer, 619 
td-scr with speed feedback, 412 
three-phase scr, 405 
three-speed blender, 412 
timer motor clutch, 790 
Triac a-c starter, 329 
Triac-Diac reversing a- c, 411 
two-source gyro, 406 
ultrasonic, 409 
universal a-c/d-c, 410 
vhf intrusion alarm, 4 
voice-actuated, 133 
(See also Control; Servo) 

Moving—target indicator, signal simulator, 682 
Multiplex, stereo tuner, 253 
Multiplexer, 10- channel satellite, 152 

20-channel sampling counter, 624 
analog-digital converter, 37 
f-m stereo, 692 
four- channel ppm modem, 395 
low-level telemetry, 730 
pcm telemetry, 729 
transistor series switch, 270 

Multiplier, 8-kc Q, 413 
amplifier input impedance, 28 
analog-computer pulse-amplitude modulator, 416 
analog-computer pulse- width modulator, 416 
analog- ratio Hall-effect, 415 
analog voltage, 415 
four-quadrant analog, 414 
four-quadrant square- law magamp, 353 
gain-controlled logarithmic, 26 
half- square magnetic, 355 
Hall- effect, 413 
Hall-effect field coil drive, 413 
Hall-effect plate drive, 416 
Hall-effect squaring, 415 
polarity-coincidence, 414 
probability analog, 416 
Q, 24, 141, 416 
quarter-wave magnetic, 355 
simultaneous logic, 337 
square- law magamp, 351, 354 
triangle analog, 416 
two-quadrant analog, 399 
voltage, 141, 142, 492 
voltage sextupler, 193 
(See also Frequency multiplier; Q multiplier; 
Voltage multiplier) 

Multivibrator, 40- cps 0.01-microwatt, 435 
40-cps astable, 687 
100 cps to 1 Mc astable, 433 
125- cps, 190 
210 cps-210 kc voltage- controlled astable, 434 
400-cps synchronized 68.4-kc astable, 459 
400- cps ujt, 434 
850- cps constant- amplitude sine wave from 
square wave, 675 

2-kc monostable, 427 
10-kc power supply, 491 
20-kc astable, 769 
20-kc paging transmitter, 801 
31.5-kc crystal oscillator, 736 
50-kc free- running, 431 
150-kc bistable, 418 
250-kc monostable, 435 
500-1,000 kc pressure- sensitive astable, 297 
750 kc-7 Mc, 419 
1- Mc counter input, 163 
1-Mc magnetic transfluxor, 526 
5-Mc, 423 
10-Mc tunnel diode, 421 
200-Mc astable, 252 
10-microsec monostable, 418 
600-microsec output- pulse monostable, 434 
5 to 600 millisec astable, 434 
25-nsec 0.5-amp clock pulse generator, 109 
0.3 sec astable, 359 
1-5 sec one-shot timer, 784 
15 sec-2 min thermal mono, 422 
1-4 min one-shot delay, 185 
200-400-800 pps prf generator, 428 
adjustable delay, 389 
astable high- power, 433 
astable hybrid td-transistor, 531 
astable stimulator, 385 
astable wailing-siren, 5 
asymmetric current control, 736 
asymmetric free- running, 759 
basic hybrid uff-pnp transistor, 784, 789 
bistable flowmeter, 367 
bistable hybrid td-transistor, 438 
bistable indicator lamp driver, 436 
bistable main-gate, 437 
bistable ppm demodulator, 729 
bistable in pulse-width modulator, 399 
bistable transistor-testing, 232 
blocking oscillator 10:1 sync, 447 
cascaded bistable, 166 
cascaded one-shot, 427 
cascade, 423, 425 
cathode-coupled main-gate, 432, 437 
cathode-coupled trigger, 419 
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Multivibrator, cathode- follower- coupled main-gate, 
435 

choke-controlled free-running, 426 
choke-controlled one-shot, 428 
clean square-wave, 672 
cold-cathode, 480 
combined with Schmitt trigger, 814 
complementary, 165 
computer fault alarm, 3 
constant-current charging, 421 
constant pulse- width one-shot, 412 
construction barricade flasher, 229 
continuously variable prr, 429 
continuous phase control, 467 
counting- rate meter, 562 
cro trigger, 94 
crystal-controlled, 419 
crystal-controlled clock, 110 
d-c controlled switching voltage regulator, 603 
demodulator, 717 
differential magnetic, 326 
double- coupled main-gate, 432, 435 
dual- input flip-flop, 430 
dual-triode, magnetic inverter, 326 
Eccles- Jordan, 427 
Eccles-Jordan auto- locking gate, 68 
emitter-coupled, 425 
emitter-coupled astable logic driver, 430 
emitter-coupled linear sawtooth, 636 
emitter-coupled mono design, 421 
emitter-coupled sawtooth, 632 
expanded-delay monostable, 183 
fast- recovery hybrid one-shot, 436 
fast- recovery one-shot, 429 
fast- recovery variable- width one-shot, 431 
fast- reset, 423 
fast-turnoff mono, 433 
fet monostable timer, 785 
free- running, 143, 517 
free- running astable 1 cps-250 kc, 434 
free- running cascade, 422, 430 
free- running with Colpitts, 771 
frequency- dividing for f-mr'f-m telemetry, 243 
frequency- multiplying, 836 
gate-controlling saturated, 279 
gated, 274 
gated delay, 272 
Geiger recorder keep- alive, 562 
high-power one-shot, 437 
high triggering sensitivity, 420 
improved one-shot, 438 
improved ultra- long monostable, 436 
isolating- diode monostable delay, 186 
line-triggered bistable, 70 
long- pulse mono, 432 
magnetic inverter, 322 
magnetically coupled, 425 
main- gate with diode limiter, 428 
main-gate with triode limiter, 437 
mechanical counter drive for G-M, 561 
microsec fall time, 426 
missile count-down switch, 706 
modulator for full- wave scr motor control, 864 
mono, 422 
mono with adjustable pulse width, 201 
mono with delay, 417 
mono with improved triggering, 433 
mono with negative recovery time, 438 
monostable, 200, 537, 692 
monostable 1-300 millisec delay, 187 
monostable auto ignition, 65 
monostable chart recorder drive, 583 
monostable delay, 189 
monostable with driver as first stage, 425 
monostable noncutoff, 422 
monostable overload- protecting, 594 
monostable pulse length control, 488 
monostable quad block, 304 
monostable with transistor protection, 505 
monostable vertical sweep, 93 
monostable voltage-time converter, 35 
monostable zero-crossing detector, 114 
noise-immune bistable, 424 
noise- suppressing mono, 428 
on- off relay control, 131 
one-shot, 314, 423, 538 
one-shot battery- charging, 74 
one-shot cro raster display, 91 
one-shot telemetry, 723 
one-shot ultrasonic synchronizer, 828 
one-transistor one-shot, 425 
photocell-triggered chain, 483 
plate- to-grid coupled monostable main- gate, 

427, 436 
pnpn triggered one-shot, 809 
power one-shot, 432 
precision time delay, 188 
preferred bistable, 419 
preferred monostable, 420 
preferred monostable delay, 181 
preferred nonsaturating bistable, 419 
preferred prf generator, 418 
preferred saturating blstable, 424 
pressure-sensitive monostable, 297 
pulse duty cycle limiter, 431 
radar ppi sweep generator, 549 
radar prf generator, 420, 421 
random-time delay, 227 
reducing one-shot recovery time, 436 
reducing reset power level, 429 
relay control, 438 
relay- only, 421 
relay- only for a-c, 426 
relay- type with diodes, 419 
remote-control transmitter keyer, 617 

Multivibrator, reting welder control, 381 
scr bridge inverter, 323 
scr switching, 428 
scr trigger, 426 
self-completing gated astable pulse train 

generator, 531 
series- Schmitt one-shot, 810 
shmoo curve plotter, 432 
siren warble generator, 3 
stabilized bistable, 117 
stabilized mono frequency divider, 241 
stabilized one-shot, 424 
strobe trigger, 224 
superconducting test set, 778 
switch-actuating, 520 
switching control, 712 
switching- diode one-shot, 277 
symmetrical, 690, 691 
symmetrical twin- triode, 528 
synchronized astable main- gate, 435 
teaching-machine reward dispenser, 272 
temperature-compensated, 425 
testing tape transport, 718, 720, 722 
thermistor-compensated one-shot, 431 
time-controlled gate, 279 
transformer- controlled free- running, 417 
transient-immune mono, 434 
transistor-u¡t, 438 
triangular waveform generator, 635 
trigger-shaping, 391 
tunnel-diode, 348 
tunnel- diode monostable, 437 
tv horizontal sweep, 417 
trjt, 434 
u¡t bistable with clamp, 438 
u¡t bistable with diode decoupling, 437 
ultra- long monostable, 427, 431 
ultrasonic control tester, 833 
ultrasonic prf, 836 
ultrasonic transmitter, 837 
ultrasonic trigger generator, 826 
unclamped saturated, 148 
uni junction control, 425 
unsymmetrical, 424 
varioble-delay monostable, 772 
variable gate generator, 275 
variable mark- space, 423 
variable- pulse- width mono, 433 
variable-time one-shot, 429 
voltage- controlled astable duty- cycle limiter, 332 
wide-range mono, 430 
zero- recovery- time one-shot, 426 
(See also Flip-flop) 

Muscle potential, telemetry transmitter, 391 
Music, attack control amplifier, 676 

Fourier synthesis demonstrator, 671 
Muting, actuated by tuning motor noise, 412 

Nand/nor gate ( see Logic) 
Navigation system, reverse- phase protection, 503 
Negative resistance, diode bistable switch, 709 

diode oscillator, 462 
diode pulse amplifier, 512 
diode pulse generator, 520 

Neon, 0.2-2,500 cps pulse generator, 384 
binary flip-flop, 208 
chopper, 108, 858 
crt bias regulator, 99 
Halloween pumpkin blinker, 230 
lamp- control oscillator, 85 
off- on- gate, 273 
organ tone generator, 213, 215 
photoconductor gate, 271 
photoconductor inverter, 349 
photoconductor latch, 328 
pulse generator, 521 
relaxation oscillator, 1 
ring-of-five oscillator, 450 
stabilizing photomultiplier dynode voltages, 486 
ultrasonic fathometer, 836 

Neon lamp, capacitor-discharging switch, 709 
Network, 800-1,000 cps ladder tuning, 38 

inverter despiking, 323 
parallel-T, 442 
variable pulse-forming, 229 

Neuron, simulator, 683 
Neuron model, without integrator, 346 

receptor- type, 343 
Neutralization, 200-Mc fet amplifier, 14 

emitter inductance, 797 
Neutron diffractometer, 559 
Noise, 10-Mc dynamic notch filter, 222 
audio squelch, 444, 445 
automatic cancellation, 380 
balanced variable- threshold control switch, 441 
cancellation with balinverter, 138 
constant-Q measuring amplifier, 442 
contour- map design procedure for low- noise 

amplifier, 442 
correlator, 440 
detector and squelch, 439 
drene target rin.rulator for missile radar, 443 
gate for high- noise-immunity logic, 303 
generator for low- frequency white, 679 
lock- in amplifier, 568 
measurement, 446 
measurement for 200-Mc transistor, 441 
measuring amplitude probability density 

functions, 441 
nonlinear rejection filter, 440 
out- of - boseband logarlihmic amplifier noise, 440 
protection against scs firing by IC, 446 
pulse generator, 680 
rejection in scr trigger, 818 

Noise, series limiter with audio detector, 333 
shunt limiter with audio detector, 334 
sound level meter, 444 
squelch-actuated mobile repeater, 442 
squelch for double superhet, 445 
squelch in mobile receiver, 446 
statistical analysis, 268 
suppressing with photodiode, 478 
suppression in receiver with synchronous scr 

switch, 709 
suppression in scr circuit, 445 
zener-diode generator, 446 

Noise analyzer, probability amplitude density, 
function, 536 

radar clipper- limiter, 332 
Noise figure, measurement, 358 

transistor test set, 439, 779 
transistors at 200 Mc, 444 

Noise figure meter, 1,000 Mc to 200 Mc converter, 
441 

Noise generator, 25 to 450 Mc, 443 
radioactive- source, 535 

Noise limiter, a-f, 332 
preferred a-m receiver, 333 

Noise reduction, sense amplifier, 340 
Noise suppression, automatic threshold control, 216 
background audio, 446 
improved codon, 812 

Noise suppression factor, cro display, 205 
Nor gate (see Logic) 
Nor logic, single- transistor, 343 
Nuclear flight interval analyzer, 783 
Nuclear radiation ( see Radiation) 
Nuclear resonance, temperature telemeter, 760 
Nucleonics, ultrasonic slug cladding flaw detector, 

830 
(See also Radiation) 

Null detector, phase- sensitive, 660 
Null detector, voltage, 854 

Oceanography, ruggedized d-c amplifier, 583 
underwater flash, 227 
underwater preamplifier, 50 

Octupler ( see Frequency multiplier) 
Operational amplifier, chopper- stabilized, 106 

control switch, 704 
reed- switch synchronous detector, 311 
servo, 653 

Optical modulator, tv laser, 739 
Optical scanner, line locator, 640 

mark- sensing, 478 
Opteelectronics, high- voltage protection, 226 

neon chopper, 108 
switch, 709 

Or gate ( see Logic) 
Organ, neon tone generator, 213 

outphased-tone generator, 215 
pedal generator, 214 
swell shoe, 213 
tone generator, 215 
voicing panel, 213 
(See also Electronic music) 

Oscillator, 0-100 cps relaxation, 143 
0-25 kc Wien bridge, 366 
0.01-100,000 cps stabilized, 117 
0.1-1,000 cps two-phase, 670 
0.1-1,000 cps voltage- controlled, 142 
0.2-2,500 cps neon relaxation, 384 
0.25 cps-250 kc relaxation frequency-dividing, 

242 
below 1 cps, 766 
1.5-25 cps uni junction relaxation, 237 
2- cps u¡t relaxation, 186 
4 cps- 350 kc Sulzer bridged-T, 454 
5 cps-300 kc capacitance- coupled, 455 
10-30 cps blocking, 828 
10- cps four-mesh fet phase- shift, 458 
10- cps phase- shift, 362 
10- cps phase- shift fet, 448 
50-2,000 cps power, 589 
50 cps- 8.5 Mc emitter- coupled astable, 430 
60- cps saturating-core inverter, 316 
100- cps square- wave, 425 
100-350 cps bridged-T audio, 452 
200-400 cps transistor, 462 
400- cps ceramic-dielectric, 262 
400- cps Hartley, 762 
400- cps tuning-fork, 324 
450- cps dual-triode crt supply, 494 
500-1,000 cps, 292 
1-kc Colpitts speech simulator, 683 
1-kc phase- shift, 310 
1-kc precision Colpitts, 645 
1-kc tone for SOS beacon, 78 
1-100 kc Colpitts sine- cosine function, 265 
1.39-kc Hartley, 242 
1.4-kc telephone recorder beeper, 586 
1.5-2.5 kc voltage- controlled sine wave, 458 
1.5-3 kc electronic music, 671 
1.7-kc square-wave, 554 
2-kc uni junction, 322 
3-kc three- output L- C, 383 
3-kc trigger, 426 
3-kc uni junction transistor, 425 
4-100 kc, 518 
5-kc transistor Wien-bridge, 378 
7-kc blocking, 371 
8-170 kc plug-in crystal, 459 
9-kc stabilizer, 799 
9.1-kc variable-frequency crystal, 447, 460 
10 kc single-transi.for Colpitts, 459 
10 kc stoble Colpitts, 457 
10-kc u¡t relaxation, 640 
13-25 kc relaxation, 396 

877 



Oscillator, I5-kc flowmeter, 367 
I8-kc, 315 
19-kc crystal, 692 
20-kc chopper-driving d-c voltage comparator, 

118 
20-kc mbvr, 801 
20-40 kc ultrasonic, 830 
21-kc water depth telemeter, 831 
31.5-kc crystal, 736 
38-kc blocking, 692 
40-kc bias-erase, 716 
50-kc crystal- controlled blocking, 722 
50-kc Hartley induction telemeter, 391 
50-kc square-wave, 320 
52-kc crystal and blocking marker- generator, 764 
52.5-kc tetrode remote-control transmitter, 620 
68.4-kc astable mvbr synchronized at 400 cps, 459 
80-kc magnetic tape erase and bias, 721 
100-kc Clapp L- C, 109 
100-kc gate- opening, 208 
100-kc magnetostrictive ultrasonic, 460 
100-kc Pierce crystal, 109 
122-kc grounded- collector Hartley, 456 
230-kc c-w radar, 193 
400-kc-triggered blocking, 97 
453-kc silicon-transistor, 798 
456-kc three- tone vehicle identification beacon, 

79 
500-kc crystal, 309 
500-kc and 8.326-Mc distress transmitter, 79 
634-kc crystal, 445 
670-kc crystal- transistor, 799 
800 kc-3 Mc crystal or capacitor, 464 
809.1I-kc clock, 112 
900-kc ultrasonic flaw detector, 830 
900 kc-5 Mc ultrasonic neurosurgery, 384 
0.45-Mc sine-wove tunnel-diode, 464 
0.5-2 Mc tunnel- diode relaxation, 450 
0.5-20 Mc tunnel- diode delay- line, 462 
0.75-Mc sine- wave tunnel-diode, 464 
0.8-20 Mc preferred Colpitts crystal, 449 
0.8-20 Mc preferred electron- coupled Colpitts, 449 
1-Mc audio-modulated tuned tunnel diode, 449 
1- Mc crystal-controlled clock, 110 
1-Mc crystal time interval standard, 554 
1-Mc encoder, 789 
1-Mc f- m, 251 
1-Mc high-efficiency relaxation, 451 
1-Mc inductive telemetry, 768, 771 
1-Mc proximity detector, 363 
1-Mc stable battery- powered, 447 
1-Mc transfluxor, 526 
1.1-Mc tunnel-diode temperature- sensing, 761 
1.5- Mc clock, 112 
1.65-Mc CB crystal, 139 
2-Mc, 469 
2-Mc crystal, 98 
2-Mc triggered blocking, 98 
2-Mc wide- range voltage-controlled, 455 
2-50 Mc crystal, 802 
2.185-Mc Colpitts, 805 
3-Mc Colpitts, 450 
3-Mc Colpitts crystal, 392 
3-3.5 Mc Lampkin, 573, 577 
3-260 Mc tunnel-diode, 451 
3.522-Mc silicon- transistor, 798 
3.58-Mc color burst, 748, 753 
3.8-Mc transitron negative- resistance, 309 
4.5-Mc crystal, 378 
5-Mc servo-controlled crystal primary standard, 

109 
5-15 Mc Clapp sweep-frequency, 674 
5.5-Mc crystal, 277 
6-Mc infrared air leak detector, 456 
7-Mc crystal- controlled Colpitts, 805 
7-Mc tunnel-diode, 793 
10-Mc CCTV carrier, 745 
10-Mc clock, 113 
10-Mc crystal, 457 
11.155-Mc Colpitts crystal, 578, 800 
12-Mc crystal, 674 
12-22 Mc electrically tuned, 463 
12-22 Mc tunnel diode-varicap voltage 

controlled, 451 
I8-Mc blocking, 110 
20-Mc Colpitts power, 457 
20-480 Mc crystal frequency standard, 246 
23-Mc two-transistor push-pull, 452 
23-Mc voltage-controlled, 460 
24-Mc Clapp, 453, 462 
24-Mc varactor-inodulated f- m, 252 
25.7-Mc silicon-transistor, 798 
27-Mc crystal, 803 
27-Mc crystal CB, 397 
27.12-Mc crystal-controlled electron-coupled, 379 
27.255-Mc crystal-controlled tunnel-diode remote 

control, 618 
27.255-Mc crystal remote control, 617 
27.255-Mc tunnel diode- crystal, 454, 620 
28-Mc cement-setting timer, 359 
30-Mc, 369 
30-Mc coherent radar, 547 
30-Mc wide-temperature- range, 448, 454 
31.05 to 54.95 Mc stepped, 804 
32-Mc burst gate, 277 
35-Mc reactance- tube-controlled, 466 
40- Mc, 463 
40-Mc collector- voltage-control afc, 55 
40-Mc damped, 462 
40-Mc emitter- current- control afc, 55 
40-Mc varactor-controlled, 55 
47.1-Mc tunnel diode- crystal, 464 
54-Mc telemetry transmitter, 733 
60-Mc common- base, 455, 456 
68.75-Mc marker beacon, 77 

Oscillator, 70-Mc transducer-controlled crystal, 
140 

73.5-Mc self-modulated crystal, 617 
73.5-Mc td- modulated crystal, 806 
74.13-Mc crystal lost-carrier generator, 459 
90-Mc voltage- variable, 470 
90.3125-Mc crystal-transistor reference, 460 
96-110 Mc tunnel- diode f-m wireless mike, 800 
100-Mc Colpitts, 464 
100-Mc crystal, 766 
100-Mc fet Hartley, 464 
100-Mc tunnel-diode telemetry transmitter, 729 
100-Mc varicap f-m, 251 
100-Mc voltage-controlled f-m, 254 
100-140 or 220-260 Mc emergency transmitter, 

78 
108-Mc telemetry transmitter, 730 
118-145 Mc crystal, 643 
200-Mc temperature- stable, 463 
200-Mc voltage-controlled, 252 
200-400 Mc electrically tuned, 461 
220-260 Mc dual- triode, 77 
230-Mc pam/f-m, 252 
230-Mc self- reactance modulation, 252 
243-Mc beacon, 80 
255- Mc, 144 
345 Mc, 139 
345-Mc Colpitts, 139 
400-Mc varicap f- m, 255 
400-5,000 Mc tuner, 821 
425-845 Mc, 823 
480- Mc, 140 
500-Mc Colpitts, 463 
600-1,200 Mc voltage-tuned, 462 
1,000-Mc uhf tuner, 824 
1,200-Mc converter, 441 
2,000-Mc harmonic frequency conversion, 452 
920- channel mobile radio crystal reference, 792 
80-flash- per- minute relaxation, 226 
3.6-kv crt power supply, 492 
4.8-kv crt power supply, 496 
7-kv crt power supply, 494 
7-kv and 380-v crt power supply, 494 
14-kv and 385-v crt power supply, 495 
0-2,000 pas preferred series- triggered blocking, 

453 
200-300-800 pps radar prf generator, 527 
200-2,000 pps preferred astable blocking oscil-

lator, 459 
200-2,000 pps radar prf generator, 555, 557 
220-4,550 pps voltage-controlled variable-

frequency audio, 454 
2,000-83,000 pps preferred parallel-triggered 

blocking, 461 
500-w square-wave, 105 
a-m/f-m tuner, 574 
amplitude- stable transducer-exciting, 583 
artificial larynx, 388 
audible auto turn-signal indicator, 65, 70 
backward-wave shf sweep, 697 
beat-frequency in sensing cane for blind, 88 
blocking, 321, 338, 518, 527, 563 
blocking 101 sync, 447 
blocking for G-M power supply, 495 
blocking for raster cro, 97 
blocking siren- warble, 3 
carrier- signal- powered, 80 
carrier synthesizer, 675 
cascade sine-wove tunnel- diode, 458 
CB crystal, 462 
cesium clock synthesizer for 5-Mc primary 

standard, Ill 
chatter- jamming audio tone, 461 
code practice, 448, 449 
coherent, 672 
coherently switched for f-m/f-m telemetry, 243 
coho litter monitor, 546 
color tv pickup reference, 752 
Colpitts crystal frequency monitor, 249 
Colpitts telemetry subcarrier, 728 
common-emitter Hartley, 798 
constant-amplitude dopoler radar, 448 
crystal chronometer, 113 
crystal-controlled pulse, 520 
crystal-controlled tunnel- diode CB converter, 146 
crystal impedance meter, 776 
current-controlled subcarrier, 731 
daylight- intensity telemeter, 484 
d-c to d-c 590-v power supply, 493 
dip meter, 365 
drive for cold-cathode counter, 625 
eight-tone phase- shift, 404 
electric fuel pump drive, 67 
electronically swept 400-600 kc, 671 
feedback-stabilized, 458 
fet-controlled pulse, 412 
five-tone series-tank, 731 
f-m/f-m subcarrier, 725 
four- layer diode, 461 
four-waveform generator, 634 
free- running segmented-sweep, 687 
free- running sine-wave cascode, 460 
free- running time-delay, 180 
frequency checking with WWV, 568 
frequency-shift- keyed, 451 
frequency-synthesizing, 580 
fuze- timing, Ill 
gated selective-calling, 272 
Hartley distance-mark generator, 549, 551-553, 

555, 557 
Hartley remote-control tone, 620 
heart-pacer relaxation, 390 
high-frequency mobile, 578 
high- stability bridged-T, 463 
high-stability vacuum-tube, 461 

Oscillator, hold- sample- hold phase detector for 
vco, 472 

hydrogen-thyratron induction heater, 211 
incremental- tuning R- C, 674 
incremental- tuning R-C output, 669 
induction heater, 210 
isolation, 209 
level- detecting relaxation, 531 
linear- biased oscillator control, 466 
locked color tv, 753 
locking to WWV, Ill 
low- frequency cro sync, 99 
machine-gun firing control, 131 
marker- pulse blocking, 125 
mesa- transistor tv tuner, 740 
microwatt a-f, 530 
Miller-effect transitron, 721 
millimicrosecond blocking, 365, 372 
mos fet crystal, 458 
multi-crystal clutter generator, 682 
multi-waveform voltage-controlled, 530 
negative- feedback uhf tuner, 822 
negative- resistance diode, 462 
neon relaxation, 521, 566 
nonlinear voltage- controlled sine-wave a-f, 

463 
nonsaturating triggered blocking, 526 
parallel-T feedback filter, 221 
pentode a-f for 5-kv crt supply, 493 
pentode a-f for 7-kv crt supply, 494, 496 
phase- locked frequency control, 202 
photomultiplier power supply, 492 
photoreed, 484 
Pierce tetrode-transistor, 676 
pnp plus npn, 809 
preferred parallel-triggered blocking (below 

2,000 pps), 456 
pressure- sensitive integrated, 301 
proximity-control, 132 
pulsed sinusoidal, 100 
read-write blocking, 125 
relaxation, 517 
relaxation for lamp- flashing beacon, 223 
relaxation neon, 1 
relaxation scr control, 598 
resistance- controlled subcarrier, 732 
resistance strain gage, 255 
resistance-transducer-controlled, 455 
r-f for 10-kv regulated crt supply, 601 
r-f—a- f, 670 
ring- of- five neon, 450 
ring-type magnetic core, 517 
saturable- reactor, 462 
sawtooth chirp- radar, 700 
sawtooth relaxation, 556 
sawtooth-triggered blocking, 586 
scs relaxation, 523 
scs RLC, 450 
self- quenched superregenerative, 286 
series- Schmitt, 810 
shorted-coax tunnel-diode, 524 
sidereal-clock regenerative control, 113 
sine- square-wave phase-shift, 520 
sinusoidal high- voltage converter, 496 
square-wave tunnel- diode, 524 
stabilized horizontal tv, 746 
stabilized Wien-bridge, 457 
strobe trigger, 224 
switched Hartley distance-mark generator, 

525 
switching-transistor Hartley, 530 
telemetry anemovane audio, 727 
temperature- sensing, 762 
three-terminal neon, 215 
transistor radio autodyne converter, 147 
transistorized magnetostriction filter, 222 
transistorized phantastron, 523, 697, 701, 702 
triggered blocking, 224 
triode magnetostriction filter, 219 
tunnel- diode CB converter, 138 
tunnel- diode Civil Air Patrol converter, 147 
tunnel- diode monostable, 437 
tv camera r- f, 736 
twin-phantastron, 522 
twin- triode a-f for 6.5-kv crt supply, 493 
two-phase frequency analyzer, 248 
two-tone electronic doorbell, 7 
two- transistor metronome, 215 
ujt, 460, 757 
u¡t metronome, 214 
u¡t relaxation, 178 
u¡t relaxation with pulse shaper, 544 
ujt sawtooth, 635 
variable-amplitude tunnel-diode, 464 
variable-duty-cycle relaxation, 228 
variable-frequency tone- burst, 461 
variable-frequency Wien-bridge fet, 670 
variable pulse width, 518 
variable Wien-bridge fet, 675 
varistor-controlled voltage-tuned, 465 
varying-frequency alarm tone generator, 4 
vco for frequency synthesizer, 242 
vhf intrusion alarm, 4 
video- recorder blocking, 715 
voltage- controlled 0-1 lcc, 202 
voltage- controlled frequency-multiplying, 258 
voltage-controlled Shockley diode, 140 
voltage-controlled temperature telemeter, 

756 
voltage-controlled wide-range phase-shift, 469 
voltage-tunable 50-Mc f-m, 254 
voltage-tunable f- m, 255 
voltage-tunable swept vhf, 676 
wailing-siren, 5 
X-band pulse radar modulator, 555 
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Oscillator, zero- speed tape playback, 718 
(See also Audio; Electronic heating; Electronic 

music; Frequency divider; Frequency modula-
tion; Frequency multiplier; Function generator; 
Inverter; Modulator; Multivibrator; Pulse gen-
erator; Radar; Receiver; Remote control; Saw-
tooth generator; Signal generator; Staircase 
generator; Sweep; Telemetry; Television; 
Transceiver; Transmitter; Ultrasonic, Video) 

Oscillator- doubler, 8-12 Mc crystal- controlled, 520 
Oscilloscope, battery- operated, 90, 94, 95, 98 

crt blip detector, 81 
raster, 93, 97, 98 
time-shared computer troubleshooter, 122 
(See also Cathode-ray) 

Osteograph, bone-marrow ratio scanner, 382 
Oven, temperature- controlled, 761 
Oven control, crystal oscillator, 759 
Overlay transistor, CB transmitter, 795 

f-m transmitter, 796 
Overload (see Protection) 
Overload protection, transistor, 170 
Overshoot suppression, accelerometer, 410 
Overvolting, electromechanical counter, 149, 150 

Pacemaker, batteryless cardiac, 392 
cardiac, 383 

Paging, resonant- reed receiver, 568 
single- loop transmitter, 801 

Panoramic receiver, electrically tuned, 822 
Paramagnetic coating, thickness measurement, 362, 

365 
Parametric amplifier, 200-kc high- impedance, 27 

level control, 576 
test set, 766 

Parking meter, infrared reset, 293 
Pattern recognition, dilating circular scan, 640 
Peak memory, 0-10 cps, 856 
Pedestal generator, airborne radar, 696 
Peltier-effect, liquid- density gage cooling, 128 
pH, Beckman meter, 372 
Phantastran, delayed gate, 279 

modified, 701 
Phantastron, 360-cps to 60- cps frequency divider, 

244 
current pulse generator, 767 
delay integrator, 185, 189 
equivalent transistorized sweep, 699, 702 
fast- recharging solid-state, 185 
four-transistor delay, 183 
preferred delay, 182 
preferred fast- recovery delay, 181 
print timer, 490 
radar target acceleration simulator, 683 
sweep generator, 523 
temperature-compensated delay, 182 
three-transistor sawtooth sweep, 697, 701, 702 
timing signal generator, 673 
tv pulse-cross generator, 746 
two-transistor sweep, 698 
two-triode sweep, 699 
variable time- delay, 680 
(See also Delay; Timer) 

Phantastron oscillator, voltage-controlled, 522 
Phase control, 90-Mc voltage- variable oscillator, 

470 
1-kw general-purpose a- c, 471 
180° transformerless, 466 
180° variable, 474 
360-deg, 466 
ambiguity resolver, 474 
antenna array, 474 
audio- controlled antenna phaser, 467 
automatic antenna phaser, 467 
balanced- bridge reversing servo drive, 411 
cascaded two-tube 255° range, 473 
coincident-slicer phasemeter, 470 
d-c supply output voltage, 470 
Diac-Triac for 5-amp load, 473 
digital phase meter, 468 
free- running mvbr, 467 
frequency standard, 468 
high- gain u¡t, 473 
hold-sample-hold detector, 472 
lamp-dimming, 472 
linear- biased oscillator control, 466 
low-power scr, 476 
measurement from 15 to 400 Mc, 466 
measurement at 30 Mc, 469 
measurement up to 2,000 Mc, 472 
measuring with flip-flop, 473 
miniature using light-activated scr, 473 
polyphase, 471 
pulse-chain phasemeter, 471 
radio direction finder, 465 
reversing full- wave d-c motor, 409 
reversing series-wound universal motor, 410 
shunt-wound d-c motor, 408 
snap-action a-c, 473 
steerable antenna, 466 
Triac-ujt, 473 
universal a-c/d c mister, 410 
voltage-controlled wide-range oscillator, 469 
voltage-tuned oscillator, 465 
voltage-variable capacitor, 398 

Phase detection, magnetic drum read amplifier, 
587 

Phase discriminator, a-c bridge, 201 
Phase equalizer, a-f amplifier, 690 
Phase indicator, three-phase power line, 474 
Phase- lock microwave system, 662 
Phase rotation indicntor, reverse-0.s. protection, 

503 
Phase shift, 10-cps fet oscillator, 448 

Phase shift, 10- cps oscillator, 458 
bridge- rebalancing servo, 663 
crystal i-f filter, 217 
current- controlled oscillator, 731 
goniometer motor amplifier, 405 
measuring a-f, 361 
phasemeter chopper, 808 
servo quadrature voltage rejection, 646 
square-wave generator control, 70 
two-stage a-f discriminator, 201 
varistor control amplifier, 175 
vertical acceleration recorder, 584 

Phase shifter, color tv, 752 
transistor-testing, 768 

Phase-shifting amplifier, 90-deg, 653 
Phase splitter, pulse, 538, 539 

shift register, 666 
Phasemeter, ambiguity resolver, 474 

chopper and phase detector, 808 
coincident-slicer, 470 
polarity- coincidence multiplier, 414 
pulse-chain, 471 
voltage-variable oscillator, 470 

Phone line, radar relay, 555, 556 
Phono amplifier, 6-v, 41 

9-v, 42 
line- operated two-transistor, 46 

Phono preamplifier, 40-12,000 cps, 39 
ceramic- cartridge, 38, 40, 48 
npn magnetic- cartridge, 53 
velocity- response ceramic- cartridge, 46 

Photocell, bridge element, 83 
Photoconductive cell, sunset switch, 482 
Photoconductor-neon inverter, 349 
Photoconductor-neon latch, 328 
Photoelectric control, 6217 photomultiplier preamp, 

500 
7326 photomultiplier preamp, 499 
a-c modulator for photomultiplier, 477 
age for ambient light, 476 
alarm transmitter tester, 2 
antenna- pattern function generator, 266 
automatic caliper, 477 
automatic camera shutter control, 485 
bandpass filter, 481 
bird counter, 150 
blip detector, 81 
character reader, 640 
chopper, 106, 858 
cold-cathode amplifier, 482 
conveyor jam detector, 482 
conveyor shutdown for jams, 134 
coronameter, 476 
dewpoint sensor, 480 
distress transmitter code-wheel flip-flop, 79 
earlobe pulse transmitter, 377 
exposure indicator for enlarger, 489 
eye- motion mvbr chain, 483 
fet latching relay, 328 
flash-activated scr delay, 484 
frequency- sensitive control, 483 
full- wave td-scr control, 135 
gaging rotating parts, 479 
gain-controlling servo, 651 
gamma-ray spectrometer, 475 
headlight dimmer, 66, 71 
illumination control, 480 
illumination telemeter, 484 
keying control, 481 
amp control, 475 
amp failure alarm, 7 
ight-activated scr lamp preheater, 478 
ight-activated scr phase control, 476 
ight-activated scr time delay, 484 
ight-beam coupling, 709 
ight detector and alarm, 7 
ight-frequency converter using 1,000- cps phase-
shift oscillator, 310 

ight meter, 482 
ight-source stabilizer, 482 
mark sensor, 478 
measuring angular lag of servo, 481 
measuring flashlamp output, 481 
measuring length, 539 
microphotometer, 481 
monochromator preamp, 291 
movie camera frame- rate checker, 485 
nuclear explosion flash detector, 559 
nuclear track scanner, 639 
optical communication amplifier, 23 
optoelectronic chopper, 108 
paper flaw detector, 479 
photodiode amplifier, 484 
photodiode noise suppressor, 478 
photomultiplier gain stabilizer, 641 
photoreed oscillator, 484 
programmed lamp preheater control, 129 
programmed-tape tool control, 410 
projectile glow detector, 483 
pulse interval control, 483 
punched paper tape reader, 476 
punched-tape pulse comparator, 119 
pupillograph with flying-spot scanner, 642 
push-pull optical ouplIng, 484 
recording manometer, 386 
reflected- light photodiode amplifier, 481 
resistance-triggered alarm, 7 
r-f welder shutoff, 863 
scr paper tape reader, 480 
signal subtracter, 641 
strontium-90 photorelay source, 560 
time-delayed Schmitt sensor, 136 

Photoelectric amplifier, starved-transistor, 40, 52 
Photoelectric control, character reader, 04(1 

conveyor, 149 

Photoelectric control, scanner load switching, 
639, 642 

Photoelectric counter, buttons and beads, 148 
Photofeedback, high-temperature pyrometer, 756 

phototransistor control, 760 
Photoflash, high- efficiency supply, 225 

(See also Flash; Photography) 
Photography, 0.1 sec-2 hr timer, 486 

16-mm sound- on-film drive, 581 
bootstrap timer, 488 
contrast-density timer, 490 
al trace brightness equalizer, 99 
dryer temperature control, 487 
electronic shutter control, 485 
exposure indicator for enlarger, 489 
exposure timer, 488 
Kerr-cell shutter, 487 
magnification-compensating darkroom timer, 487 
movie camera frame- rate checker, 485 
nuclear track scanner, 639 
photomultiplier timer for enlarger, 486 
precision interval timer for enlarger, 863 
projectile shadowgraph trigger, 483 
rocket-sled camera control, 490 
scr developer temperature control, 762 
shutter control, 489 
slave unit, 486 
tumor-scanning amplifier, 387 
tv single-frame timer, 489 
underwater flash, 227 
variable program timer, 488 
(See also Flash) 

Photomultiplier, 2-kv battery-powered supply, 492 
automatic caliper, 477 
gain-controlling, 651 
gain stabilizer, 641 
gain- switched a-c modulator, 477 
microphotometer, 481 
power supply, 492 
projectile glow detector, 483 
shot noise suppression, 220 
underwater gamma radiation- measuring, 475 

Photoreed, bandpass filter, 481 
frequency- sensitive, 483 
oscillator, 484 

Photoresistor, audio keying, 481 
Phototransistor, high-temperature pyrometer, 757 

photofeedback, 756 
Phototube, sunset switch, 480 
Piezoelectric gage, amplifier, 9 
Plasma generator, ionization-gage, 708 

thyratron pulser, 493 
Plasma instrumentation, timing-mark flash, 228 
Plasma research, wideband integrator, 307 
Plate-cathode follower, drive for Wien-bridge 

oscillator, 27 
Polarity detector, analog-digital converter, 34 
Pole- zero cancellation, shunt-peaked video 

amplifier, 838, 846 
Potentiometer, error compensation, 35 
Power supply, 420- cps, 258 

440-cps 115-v, 585 
9,600-cps fluorescent, 313 
27-Mc pump frequency, 27 
0-1,200 y photomultiplier, 492 
20 y at 60 amp variable remotely controlled, 495 
28 y d-c to 25 and 50 y d-c, 495 
28 y d-c/400 y d-c, 496 
100 y a-c reference, 855 
590-v oscillator-type d-c to d-c, 493 
900, 1,000, and 1,100 y for portable G-M tube, 

495 
2-kv photomultiplier, 492 
3.6-kv screen for dark-face crt, 492 
4.5-kv electric spark machining, 128 
4.8-kv oscillator-type crt, 496 
5-kv a-f oscillator-type crt, 493 
5-kv d- c, 496 
6.5-kv twin-triode a-f oscillator-type crt, 493 
7-kv a-f oscillator-type crt, 494 
7-kv magnetic-deflection crt, 491 
7-kv preferred dual-triode crt, 494 
7-kv and 380-v oscillator-type crt, 494 
7-kv and 450-v a-f oscillator-type crt, 496 
14-kv and 385-v oscillator-type crt, 495 
10-w stereo amplifier, 694 
adjustable d-c motor field, 352 
analog voltage source, 492 
auto ignition, 66 
battery-charging, 73, 75 
battery standby circuit, 507 
constant-current, 591 
constant-current a-c output, 168 
constant- current with adjustable rise and fall 

times, 523 
constant- voltage, 591 
d-c to 400-cps a-c, 324 
d-c converter, 143 
d-c for fluorescent lamps, 169 
d-c motor control, 412 
d-c/d-c inverter, 313, 315 
d-c/d-c regulated, 491 
dual-polarity variable, 496 
error cancellation in d-c amplifier, 198 
flash-tube pulser, 223 
high- voltage cro, 90 
induction heater bias, 210 
laser flash tube, 229 
low-power amplifier, 516 
minimum-dissipation regulated, 506 
output voltage phase control, 470 
overload protection, 507 
rodio signal energy, 576 
short-circuit protection, 508 
single-transistor smoothing filter, 222 
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Power supply, slow sweep for classroom demon-
strations, 700 

temperature-compensated constant-current, 170 
three-phase inverter, 314 
transistor circuit tester, 493 
triggered thyratron pulser, 493 
underwater flash tube, 227 
voltage monitor, 134 
(See aleo Battery charger; Inverter; Regulated 
power supply) 

Power switching, 400-cps a-c, 712 
scr, 712 

Power transistor, pulse-type tester, 768, 770 
Preamplifier, 0.5 cps-700 kc, 499 
1 cps- 40 kc microvolt- signal, 21 
10 cps- 100 kc microphone, 498 
10- cps- 1 Mc magnetic transducer, 715 
100 cps-8 Mc tape recorder, 499 
13-24 kc vlf, 499 
15-500 kc direction finder, 498 
18-kc low-drain silicon transistor, 500 
21-kc ultrasonic, 825 
250-kc broadband ultrasonic, 833 
30-Mc variable-bandwith i-f, 499 
30-260 Mc grounded- grid broadband, 11 
3-50 na current, 500 
amplification- 15 servo, 654 
amplification-70 servo, 657 
amplification- 300 servo, 654 
amplification- 1,200 servo, 663 
automatic impedance-matching, 498 
autopilot, 500 
ceramic-cartridge phono, 38, 40 
Darlington audio, 51, 52 
direct-coupled servo, 657 
dual-beam oscilloscope, 499, 500 
electronic siren, 2 
fet hydrophone, 828 
fet-pnp bootstrapped source-follower, 497 
infrared mine detector, 294 
infrared transceiver, 290 
infrared width gage, 292 
integrated a-f, 305 
light pen, 99 
low- noise radar i-f, 549 
magnetic tape playback, 717 
photomultiplier, 499, 500 
stabilized audio, 50 
tape recorder fet, 716 
uvicon tv camera, 734 
variable-bandwidth radar, 498 
vibrating-capacitor electrometer, 497 
video recorder, 715 
vtvm transistor- protecting, 854, 856 
(See also Amplifier; Audio; Audio preamplifier; 
Phono preamplifier; Receiver) 

Preregulator, 31-v series- regulated power supply, 
590 

Prescaler, divide- by-5 ring counter, 240 
Printed circuit, automatic caliper, 477 

conductor tester, 781 
programmed servo component inserter, 652 

Printer, electrostatic high-speed, 116 
Processor, video signal, 330 
Product detector, ssb, 575 
Programmer, neutron diffractometer, 559 
Projectile, glow detector, 483 

measuring acceleration, 731 
nose pressure telemetry, 731 

Propagation delay, measurement, 249 
Proportional amplifier, integrator, 311 
Protection, 12-v battery charger control, 72 

28-v power supply overload, 594 
30-w audio amplifier overload, 504 
adjustable overload, 510 
a-f output transistor, 44 
capacitance- sensitive intrusion alarm, 87 
capacitive overload for series regulator, 510 
conveyor belt overload, 353 
conveyor jams, 134 
correct a-c line voltage, 501 
current overload, 507 
current overload for series- pass regulator, 503 
d-c amplifier overload, 508 
d-c power supply short-circuit, 508 
from false alarm due to power failure, 507 
high- voltage system, 226 
high- voltage testing, 509 
hot-chassis, 509 
meter from transducer current spikes, 507 
missing- pulse detector, 502 
monostable mvbr transistors, 505 
multiple supply voltage failure, 502 
overload, 171 
overload with ripple clipping, 503 
overload and short-circuit, 503 
parallelled power transistors, 508 
power amplifier pulse duty cycle limiter, 431 
power- line overvoltage, 505 
power supply overload with gate-turnoff scr, 

504, 505 
power supply overload and overvoltage, 504 
power supply overload with power reduction, 
510 

power supply short-circuit, 590 
punch press safety, 706 
reactor undercurrent-overcurrent, 133 
regulated power supply, 506, 509 
regulated power suoply against capacitive- load 

charging current, 502 
regulated power supply overload, 501 
regulated power supply short-circuits, 510 
reverse- phase control, 503 
scanner sweep failure, 696 
scr regulated power supply, 507 

Protection, series voltage regulator overload with 
tunnel diode, 505 

short-circuit on power supply, 510 
short- circuit- proof regulated power supply, 

508 
telemetry low-level amplifier overload, 331 
thyratron in voltage-controlled high-voltage 

switch, 506 
transistor overload, 170 
transistor overvoltage, 507, 508 
transmitter, 362 
travelling-wave tube filament regulator, 506 
welder ignitron with load-sharing flip-flop, 862 
(See also Alarm) 

Proximity detector, ferrous or non-ferrous, 132 
Proximity switch, capacitance control, 86 
Public address, aircraft five-zone, 43 
Pulse (see Chopper; D-c amplifier; Flip-flop; Gate; 

Inverter; Latching circuit; Logic; Pulse ampli-
fier; Pulse generator; Pulse height analyzer; 
Pulse processing; Pulse shaping; Radar; Switch-
ing; Trigger) 

Pulse amplifier, 50 cps-3.5 Mc emitter-follower, 27 
100-Mc bandwidth, 511 
1,000-Mc wideband video, 512 
50-ohm driver, 515 
beam- intensity modulation, 99 
coaxial cable driver, 515 
current- integrating, 308 
fast-acting limiter, 333 
fast-acting nonlinear feedback, 514 
fast rise time, 514 
heart- block correction, 385, 391 
intermediate- level video, 842 
inverting, 514 
keyer, 212 
line printer hammer, 515 
linear, 512 
linear high-level, 842 
logarithmic, 513 
low-level video, 839 
magnetostrictive delay, 836 
nanosecond thyratron driver, 513 
negative-resistance diode, 512 
noninverting, 514 
preferred cascaded emitter-follower, 846 
preferred low-level cathode follower, 847 
pulse code groups, 513, 514 
reduced standby current, 511 
Van de Graaff accelerator, 512 
wireless telemetry link transmitter, 729 
(See also D-c amplifier) 

Pulse amplitude, sampling, 538 
Pulse analyzer, fast- recovery one-shot mvbr, 431 
Pulse communication, amplifier, 513, 514 
Pulse delay, inverter, 185, 186, 189 
Pulse dropout detector, 6 
Pulse generator, 0.05 cps- 10 kc, 532 

0.2-2,500 cps neon-transistor, 384 
0.5 cps-60 kc variable square-wave, 528 
60-cps square-wave in neutron diffractometer, 

559 
60-1,000 cps variable-duty rectangular-wave, 

529 
100- cps square-wave, 425 
13-25 kc prf, 396 
20-kc trigger, 817 
600-kc clock, 125 
1-Mc square-wave transfluxor, 526 
10-Mc clock, 113 
10-Mc Schmitt square-wave, 818 
12-Mc four- phase clock, 112 
18-Mc clocking, 110 
30-Mc suppressor-gated i-f, 281 
100- Mc, 519 
140-Mc tunnel-diode, 522 
200-Mc voltage- controlled, 252 
220-260 Mc beacon, 77 
1-amp power flip-flop, 820 
1-amp trigger, 813 
45-kw r-f brazing, 862 
250-kw, 393 
1- megawatt, 552 
0-2,000 pps preferred series- triggered blocking 

oscillator, 453 
0.5 ppm-2,000 pps, 531 
1-pps clock, 665 
200-2,000 pps preferred astable blocking 

oscillator, 459 
200-300-800 pps, 527 
200-400-800 pps mvbr prf, 428 
2,000-83,000 pps preferred parallel- triggered 

blocking, 461 
25-nsec 0.5-amp clock, 109 
2,000- sec counter, 665 
100-v ramp, 633 
500-v, 703 
1,000 v, 521 
30-kv ignition, 71 
adjustable duty cycle, 518 
adjustable rise and fall, 523 
adjustable time- base delay, 769 
armature tester, 774 
astable hybrid td-transistor, 531 
basic bistable, 667 
basic hybrid square-wave mvbr, 784, 789 
basic low-cost Schmitt square-wave, 820 
batteryless pacemaker, 392 
blanking with linear pulse width control, 539 
blocking-oscillator, 338 
calibrated millimicrosecond, 529 
cardiac pacemaker, 383 
clock, 423 
combination triangular, square, and sawtooth, 
632 

Pulse generator, constant duty cycle, 537 
constant- width high- current, 524 
control for fish shocker, 525 
cosine/sine function, 267 
cosine-squared radar, 550 
counter-testing, 517, 527 
cro marker, 764 
crt unblanking, 99 
crystal-controlled avalanche, 520 
current, 767 
delay line driver, 715 
delayed output, 529 
digital, 673, 682 
diode-matrixed program, 338 
double- pulse, 556 
eight- pulse train, 142 
electric fish fence, 707 
electroexplosive tester, 780 
eleven-pulse burst, 427 
fish shocker, 524 
four-waveform, 634 
frequency exciter, 804 
gated-beam square-wave, 528 
gyro balancer, 89 
half-sinusoid, 812 
hard-tube radar modulator, 554 
Hartley oscillator, 530 
high-accuracy rectangular, 526 
high- voltage, 587 
high- voltage flash tube, 229 
integral number of pulses, 531 
interference pulses, 520 
ionospheric sounder simulator, 684 
keyed d-c or tone signals, 434 
oser pumping, 395 
evel detector, 531 
ght-controlled, 483 
ne-triggered square-wave, 70 
near ramp, 637 
ong-time-constant ramp, 638 
ow-cost square-wave from sine wave, 531 
ow-frequency random- noise, 679 
ow- repetition- rate neon-triode gate, 273 
magnetic core testing, 525 
magnetron modulator, 397, 400 
memory disk track, 112 
memory-plane driver, 123 
microwave tube life- test, 773 
millimicrosecond, 365, 372 
modulator trigger, 808 
monostable, 519 
monostable mvbr with adjustable duty cycle, 431 
multi-waveform, 530 
negative- resistance diode, 520 
neon-transistor, 521 
neuron simulator, 683 
neurosurgery oscillator keyer, 382 
nine- bit word, 526 
noise, 446 
one-shot, 521 
phantastron, 523 
positive or negative ramp slope, 635 
predetermined number of pulses, 680 
preferred parallel-triggered blocking oscillator 

(below 2,000 pps), 456 
preferred prf mvbr, 418 
preferred search radar distance mark, 525 
with pulse inverter, 516 
pulsed 100 cps- 100 kc Wien-bridge oscillator, 530 
punched card reader, 17 
push-pull rectangular, 415 
radar distance mark, 549, 551-553, 555, 557 
radar prf, 420, 421 
ramp- staircase strobe, 632 
random-time, 227, 516 
rectangular parts, 518 
retina-stimulating, 385 
ring-type, 517 
ringing-type, 528 
sawtooth, 641 
sawtooth-sync for induction heater, 210 
scs, 523 
scs RLC, 450 
scs single- pulse, 66 
scs square-wave, 530 
self- resetting pulse stretcher, 543 
sine to sawtooth or square-wave converter, 147 
sine- square-wave, 520 
single 100-amp pulse, 777 
single- pulse, 524 
single-step, 688 
six-diode square-wave, 518 
specific number of pulses, 522 
square-wave, 232, 544, 672 
square-wave pair, 517 
square-wave tunnel-diode, 524 
square-wave tunnel-diode discriminator, 535 
stellarator-controlled, 520 
stepper motor, 411 
stepping switch drive, 530 
superregenerative amplifier control, 16 
sync, 519 
sync oscillator, 99 
temperature- control, 758 
thin-film memory, 121 
thin-foil welder, 862 
transis•or tester, 773 
triangular, 641 
triangular-wave, 629 
triangular waveform, 635 
trigger, 538 
triggered blocking oscillator, 526 
triggered square-wave, 527 
triggered tunnel- diode, 249 
tunnel-diode, 117 
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Pulse generator, tunnel- diode rectangular, 
526, 529 

twin-phantastron, 522 
ujt triangular-wave, 637 
ultra- long mono mvbr, 427 
ultrasonic receiver boxcar, 826 
unsymmetrical, 424 
variable-delay, 772 
variable gate, 275 
variable mark-space, 423 
variable prr and pulse width, 532 
variable pulse width, 529 
variable rectangular, 618 
variable-slope, 524 
variable- slope ramp, 638 
variable triangular, 631 
variable- width, 518 
vertical triggering for raster cro, 97 
voltage comparator, 850 
voltage- controlled pulse spacing, 529 
voltage-controlled ramp /trigger, 633 
voltage/duty-cycle converter, 145 
voltage- sensing, 810 
wide- range voltage- controlled, 532 
x-ray tube, 381 
(See also Chopper; Clock; Computer; Flash; 

Function generator; Inverter; Latching circuit; 
Magnetic amplifier; Multivibrator; Noise; Ra-
dar; Remote control; Sawtooth generator; 
Signal generator; Staircase generator) 

Pulse height analyzer, 1 y or 3 v, 534 
amplitude window, 536 
high- stability, 534 
nanosecond display, 208 
positive or negative polarity, 115 
probability amplitude density function, 536 
pulse shock spectrum, 536 
pulse- width-modulation telemetry, 534 
random signal, 535 
secondary- emission pentode, 811 
solar x-rays, 533 
tunnel-diode, 535, 536 
voltage or current, 533 
voltage-difference, 534 
voltage limit detector, 535 
(See also Discriminator) 

Pulse height discriminator, paper flaw detector, 
479 

Pulse processing, 100-microamp pulse coincidence 
detector, 539 

amplitude- to- width conversion, 538 
anticoincidence detector, 539 
coincidence detector, 539 
d-c level shifter, 542 
differentiating, 538 
dual delay, 178 
linear pulse width control, 539 
magnetron beam switch, 537 
maintaining preadjusted duty cycle, 537 
measuring pulse length, 539 
missing- pulse detector, 540 
noise- rejecting scr trigger, 818 
phase-splitting, 538, 539 
prf discriminator, 203 
pulse train modulator, 402 
sample-and- hold circuit, 626 
sequence detector, 540 
sine-wave zero-crossing detector, 538 
target drone control, 615, 616 
timing signal generator, 673 
varying-width pulse trains, 540 
width measurement, 630 
(See also Pulse shaping) 

Pulse shaper, 1- Mc d-c restorer, 544 
30- hour fet delay, 541 
bipolar limiter, 334 
computer- testing pulse generator, 542 
d-c level shifter, 542 
delay- line, 543 
delay mvbr, 189 
diversity combiner, 732 
encoder, 791 
facsimile sync, 586 
flash tube, 230 
frequency divider, 244 
frequency multiplier, 256 
G-M output, 541 
magnetostrictive delay line, 836 
missing- pulse detector, 502 
modem, 396 
Navy preferred, 541 
radar timer, 550 
reducing width from 400 millisec to 100 milli-

sec, 544 
retina welder control, 381 
sawtooth-square, 544 
Schmitt scr trigger, 810 
self- resetting stretcher, 543 
sine- square wave, 544 
stretcher-expander, 542 
telemetry converter, 542 
time amplifier, 268 
triangular-to-sine, 542 
tv outline generator, 743 
ujt relaxation osciljator, 544 
ultrasonic receiver, 826 
variable pulse width, 529 
velocimeter, 367 
zener-diode stretching delay, 543 

Pulse shaping, golf cart motor drive, 408 
(See also Pulse processing) 

Pulse sarter 1 000 OPS. 540 
Pulse spike detector, 4 
Pulse stretcher, 96-millisec mvbr, 417 

missing- pulse detector, 502 

Pulse stretcher, scs, 544 
self- resetting, 543 

Pulse switching, magnetron beam tube, 537 
Pulse width-analog converter, 36 
Pulse width control, mvbr, 297 
Pulse- width modulator, Schmitt trigger, 303 
Pulser, flash tube, 223 

high- voltage thyratron, 493 
stepping switch, 530 

Punched card, strobe- pulse reader, 17 
Punched tape, photoelectric reader, 476 
Pupillograph, flying- spot scanner, 642 
Pyrometer, rocket surface, 756, 757 
Pyrometer control, photofeedback phototransistor, 
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Q, 8-kc stable multiplier, 413 
Q multiplier, audio, 141 

audio amplifier, 41 
modulation percentage monitor, 416 
oscillator and filter, 24 

Quantizer, speech for pulse- code modulation, 144 
Quench, superregenerative, 286 

superregenerative detector, 621 
Quenching, telemetering transmitter, 758 
Quinary scaler, 500-Mc sync circuit, 164 

Radar, 230-kc c-w oscillator control, 193 
2.2-Mc power amplifier, 548 
30-Mc coherent oscillator, 547 
30-Mc i-f, 549 
30-Mc i-f preamp, 499 
200-Mc pulsed distributed amplifier, 554 
250- kw ten- diode modulator, 548 
300- kw tube tester, 776 
1- megawatt pulse generator, 552 
0-190 mile nonprecise phantastron delay, 184 
5-175 mile nonprecise phantastron delay, 184 
0-2,440 microsec bootstrap delay, 188 
0-2,440 microsec phantastron delay, 184 
50-350 microsec bootstrap delay, 186 
50-350 microsec phantastron delay, 188 
0.5-ohm source- impedance amplifier, 23 
200-300-800 pps blocking- oscillator prf genera-

tor, 527 
200-400-800 pps mvbr prf generator, 428 
200-2,000 pps blocking- oscillator prf generator, 

555, 557 
A- scope trace intensifier, 98 
agc for monopulse amplifier, 60, 64 
audio amplifier, 551 
auto speed, 545 
beacon decoder, 78 
beam-power video driver, 839 
beam- rider target-simulating noise generator, 
443 

blocking- oscillator modulator, 555 
blocking-oscillator pulse- frequency divider, 244, 
245 

boxcar detector, 557 
capacitor- storage feedback boxcar, 116 
cascaded distance-mark divider, 243 
clutter simulator, 546 
constant-amplitude sawtooth sweep, 696 
cosine- squared pulse generator, 550 
datum stabilizer for altimeter, 87 
diode-phantastron afc, 54, 56 
distance- mark generator, 549, 551-553, 555, 557 
encoder sweep generator, 556 
far-end-of- line modulator clipper, 551 
fixed bootstrap delay, 185 
fixed mvbr delay, 186 
four- diode magnetron modulator, 401 
four- input video mixer, 845 
four-trigger video mixer, 845 
gated clamp, 557 
hard- tube modulator, 554 
intermediate- level video amplifier, 842 
klystron oscillator mode-centering servo, 556 
logarithmic amplifier, 551 
low-level video amplifier, 839 
low- noise i-f backward-diode detector, 285 
magnetic pulser, 554 
main-gate mvbr, 427, 428, 432, 435-437 
measuring stab o stability under vibration, 460 
missile transponder, 548 
moving- target simulator, 680 
mti jitter indicator, 546 
mti stimulator, 682 
multichannel monitor, 545 
mvbr prf generator, 420, 421 
narrow-band a-c amplifier, 547 
narrow-band balanced modulator, 555 
noise-analyzing clipper- limiter, 332 
noise-immune scr trigger, 809 
ppi blanking amplifier, 556 
ppi marker switch, 553 
precision time delay, 188 
preferred bistable mvbr gate, 419 
preferred common-cathode video mixer, 849 
preferred distance- mark generator, 525 
preferred fast- recovery phantastron delay, 181 
preferred phantastron delay, 182 
preferred video detector, 841 
preferred video limiter, 332 
pulse amplifier, 513, 514 
pulse-width discriminator, 552 
pulsed X-band transmitter, 556 
range accuracy tester, 683 
range tracking counter, 152 
reciareaulul gat.; gynerator, 420 
sine-cosine approximator, 268 
spiral sweep simulator, 679 

Radar, sweep generator, 549 
sweep oscillator, 700 
symmetrical i-f limiter, 286 
synchronous demodulator, 191 
target acceleration simulator, 683 
target pulse simulator, 680 
telescope-tracking servo, 662 
three-dimensional target simulator, 681 
three- input video mixer, 845 
three- range nonprecise phantastron delay, 184 
thyratron-rontrolled afc for klystron, 55, 56 
time- interval standard, 554 
timing pulse shaper, 550 
two-dimensional target simulator, 547 
two- input video mixer, 848 
unblanking signal generator for circular display, 

106 
variable-bandwidth preamp, 498 
variable- length sweep generator, 551 
variable-pulse- width one-shot, 431 
video amplifier, 840 
video amplifier chain, 839 
video integrator, 309 
video switch, 553 
voltage-controlled delay, 178 
waveform-sampling boxcar, 627 
yoke driver and clamp, 550 
(See also Comparator; Converter; D-c amplifier; 

Display; Frequency multiplier; Gate; Oscilla-
tor; Regulated power supply; Sweep; Trigger; 
Video) 

Radar simulator, function generator, 266 
Radiation, 0.5- Mc scaler, 565 

alpha particle monitor, 563, 567 
control rod magnet current regulator, 129 
control rod magnet undercurrent-overcurrent 

protection, 133 
cosmic- ray G-M counter and ionization gage, 562 
dual- function bistable reactor scram, 130 
electrometer, 564 
fallout arrival-time clock, 560 
G-M counter, 558 
G-M counter for tracers, 564 
G M counting- rate meter, 562 
G-M drive for scaler, 541 
industrial Geiger- counter monitor, 562 
jet fuel flow gage, 567 
liquid scintillation counter coincidence circuit, 566 
measurement with arithmetic binary, 564 
measurement with tachometer, 71 
measuring with basic binary block, 560 
measuring high- altitude alpha particles, 558, 563 
measuring low-energy space particles, 566 
measuring neutron diffraction, 559 
mechanical counter drive for G-M, 561 
monitoring dust particles, 560 
nuclear-explosion gamma- ray detector, 564 
nuclear explosion simulator, 682 
nuclear thermal detector, 559 
nuclear track scanner, 639 
pulse coincidence circuit, 561 
pulse height discriminator, 533, 534 
radiological vacuum gage, 564 
resistance-triggered alarm, 7 
robot remote- control switch, 618 
sampling cold- cathode counter, 625 
scintillation counter anticoincidence circuit, 565 
stopped- count indicator for alarm, 567 
strontium-90 photorelay source, 560 
survey meter, 563 

Radiation measurement, random noise, 535 
Radio astronomy, lock- in amplifier, 568 
Radio direction finder, 15-500 kc preamp, 498 
Radiometer, 46- cps feedback amplifier, 294 

microwave iceberg detector, 190 
Radiosonde, neutron-detecting, 726 
Rail flaw detector, amplifier, 584, 585 
Ramp, phantastran, 701 

voltage-controlled 10- cps to 20-kc, 633 
(See also Sawtooth) 

Ramp generator, linear, 636, 637 
linear sawtooth, 630 
long-time- constant let, 638 
pdm keyer, 728 
positive or negative slope, 635 
single- stroke, 710 
trigger- driving, 451 
ujt triangular-wave, 637 
variable- slope, 638 

Random function, generator, 677 
Random noise, radioactive source, 535 
Random stepped function, generator, 672 
Raster display, cro, 91 
Raster generator, flying- spot scanner, 640 
Raster oscilloscope, timing generator, 98 

vertical sweep generator, 93 
vertical triggering generator, 97 

Rate effect, suppression, 4 
Ratemeter, strobe flash, 229 
Ratio meter, voltage, 854 
Reactor, startup control, 128 
Reactor control, dual-function bistable trip, 130 

regulator amplifier, 129 
rod magnet undercurrent-overcurrent sensor, 

133 
Reader, alphanumeric character, 640 
punched tape, 476 
scr photoelectric paper tape, 480 

Readout, telephone data matrix, 122 
Receiver, 100-350 cps crevasse detector, 51 

2-kc magnetic induction field, 374 
9-kc induction auto radio, 573 
13-kc ultrasonic, 832 
21-kc ultrasonic, 825 
22-kc sonar, 828 
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Receiver, 60-kc ultrasonic hydrophone, 831 
455-kc i-f mobile, 288 
460-kc f-m wireless microphone, 571 
3-3.5 Mc Lampkin oscillator, 573, 577 
15-Mc microelectronic, 300 
27-Mc CB limiter, 334 
27-Mc eight-command remote control, 616 
27-Mc tone- modulated data, 148 
27.255-Mc remote control, 621 
75-Mc marker beacon, 77 
75-Mc one- light airborne marker beacon, 79 
75-Mc three- light marker beacon, 76 
75-Mc three- light marker beacon adapter, 80 
105-Mc i-f superhet, 139 
200-Mc r-f radiation alarm, 6 
406-549 Mc f- m, 619 
420-Mc slot antennafier, 573 
460-Mc f- m, 615 
a-m/f-m i-f strip, 570 
a-m/f-m tuner, 574 
amplifying signals in noise, 568 
audio for a-m/f-m portable, 570 
automatic aircraft antenna phoser, 467 
carcinotron control, 572 
CB decoder, 795 
CB squelch, 794, 795 
CB three- transistor, 793 
CB transceiver, 794 
clock-pulse synchronizer, 112 
compactron f-m stereo adapter, 693 
current- tuned uhf tuner, 822 
d-c coupled transmission line, 133 
double-conversion superhet, 57, 574 
double superhet with squelch, 445 
electroluminescent display, 205 
fail-safe squelch, 439 
five-transistor auto radio, 569 
fixed-gain antennafier, 569 
f-m stereo, 692 
f-m stereo demodulator, 694 
f-m stereo matrixing, 691 
f-m weak signal capture, 250 
four-transistor a-c line, 576 
four- transistor reflex, 571 
frequency- selective audio Q multiplier, 41 
ground pulse blanker, 95 
i-f/a-f reflex, 577 
improved codon, 812 
infrared space communication, 292 
klystron local- oscillator ofc, 55 
I-f signals in high noise, 414 
limiter in mobile color tv relay receiver, 332 
Mercury spacecraft command, 50 
millimeter-wave detector, 574 
mobile 175-Mc r-f stage, 578 
mobile high-frequency oscillator, 578 
mobile limiter and discriminator, 330 
mobile low-frequency oscillator, 578 
mobile squelch, .446 
multipurpose integrated-circuit chip, 301 
noise correlator, 440, 520 
noise suppression with synchronous scr switch, 
709 

out-of-basebond logarithmic noise amplifier, 440 
paging, 568 
parametric-amplifier-controlled, 576 
pcm demodulator, 192 
power- line carrier-current tv remote control, 617 
preferred agc, 62 
preferred audio squelch, 62 
protected output stage, 575 
radiosonde, 723 
radiotelegraph i-f filter, 217 
reflex portable a- m, 573 
signal generator, 670 
signal- powered, 576 
signal-powered alarm, 7 
signal-powered transponder, 80 
signal-seeking auto radio tuner, 824 
single-channel eyeglass- frame, 569 
single-frequency 100-Mc integrated- circuit f- m, 

299 
single-transistor autodyne converter, 147 
six- transistor 6-v broadcast, 579 
six-transistor 9-v broadcast, 579 
six- transistor 12-v broadcast, 575 
six-transistor a-c line, 578 
six- transistor broadcast with tuned r-f stage, 577 
ssb frequency synthesizer, 580 
ssb product detector, 575 
superregenerative amplifier, 286 
synchronous sampler, 623 
target drone control, 616 
television remote control, 622 
tone- operated calling system, 572 
tone signal rejector, 570 
toy train control, 621 
tuned r-f transistor stage, 572 
tuning motor noise actuates muting, 412 
tv horizontal deflection, 741 
tv ultrasonic remote-control, 827 
two- transistor reflex portable, 574 
uhf/shf tuner, 821 
ultrasonic trf, 837 
varactor-tuned antennafier, 571 
vif preamp, 499 
voltage-tunable panoramic, 822 
(See also Audio; Intermediate frequency; Limiter: 

Preamplifier; Remote control; Transceiver) 
Reciprocal circuit, computer, 120 
Recorder, 100-cps-8 Mc preamplifier, 499 

16-mm sound- on- film, 581 
airplane vertical acceleration, 584 
analog voltage comparator, 586 
auto engine control, 66 

Recorder, beeper for telephone conversation, 586 
color tv, 748 
constant- speed drive for 400-cps synchronous 

motor, 404 
data sampler, 624 
d-c positioning voltage inserter, 587 
drive amplifier, 582 
electrographic, 587 
end of sampling period, 625 
facsimile power amplifier, 585 
facsimile sweep generator, 584 
facsimile sweep pulse shaper, 586 
ferrite-core gated amplifier, 583 
f-m data demodulator, 191, 192 
f-m signals on tape, 626 
magnetic characteristics, 310 
magnetic drum clock pulse amplifier, 110 
magnetic-drum- controlled flip-flop, 587 
magnetic-drum 3K flip-flop, 239 
magnetic drum read amplifier, 587 
magnetic drum write amplifier, 582 
magnetic tape flaw detector, 779 
measuring wow and flutter, 201 
peak- reading circuit, 583 
power- line transients, 583 
roil fault, 584, 585 
ruggedized d-c amplifier, 583 
satellite slow-speed video, 582 
shockproof ferrite- core, 581 
solion linear time base, 309 
sonar trainer, 835 
teleprinter control, 386 
timing-mark flash, 228 
timing motor power supply, 585 
timing signal modification, 586 
traffic data matrix readout, 122 
transducer exciter, 583 
video time division multiplex, 394 
volume level, 587 
(See also Tape recorder) 

Rectifier, sound level meter, 446 
Redundancy, d-c amplifier, 175 

inverter, 324 
passive in a-c amplifier, 28 

Reference amplifier, 8-25 y current- limiting power 
supply, 612 

12-v Darlington- connected supply, 602 
12-v regulated supply, 604 
precision constant-current regulated supply, 170 

Reference voltage source, 6-v zener, 591 
Reflex circuit, economy transistor radio, 577 

sensitive relay control amplifier, 137 
Refrigerator, temperature-controlled, 761 
Register, magnetic, 126 

saturated-transistor flip-flop, 427 
Regulated power supply, 50-2,000 cps a-c, 589, 593 

0-10 y adjustable two-zener, 605 
1-17 y short-circuit- proof, 508 
1-17 y temperature-stabilized, 600 
1.4-y two-zener, 589 
3-v, 595 
3 y using backward-diode reference, 611 
5-v output steps, 596 
5-25 y equal and opposite outputs, 600 
6 v at 20 amp, 613 
6-v d-c at 4 amp, 592 
6-v remote- sensing, 607 
6-v zener reference, 591 
8-v, 606 
8-25 y current- limiting with reference amplifier, 
612 

9-v with zero output resistance, 611 
12-v with 2D21 thyratron, 611 
12-v Darlington- connected with reference 

amplifier, 602 
12-v d-c at 3 amp, 602 
12 y d-c bi-level, 588 
12-v reference amplifier, 593, 604, 614 
12-v voltage- splitting, 610 
15-v Middlebroock series- stabilized, 591 
16-v battery converter- regulator, 610 
20-v 100-w switching-mode, 603 
20-v inverted-output blocking- oscillator switch-

ing, 609 
24-v blocking- oscillator switching voltage 

regulator, 605 
25-v d-c, 598 
25-v u¡t-scr a-c, 601 
28-v with overload protection, 594 
31-v series with preregulator, 590 
50 y at 400 ma, 610 
50-c d-c, 599 
62 y at 2 amp Darlington- connected series, 607 
100-v d-c, 597 
110-v a-c, 596 
150-v with external reference, 611 
150-v negative-output, 603 
150-y positive- reference pentode, 608 
150-v preferred, 599, 600, 608 
150- and 300-v negative-output, 603 
150- and 300-v triode-connected pentode series 

tube, 606 
152-v negative-output, 613 
152-v pentode series tube, 607 
200-v d-c to 24-v d-c, 599 
240 y for vacuum gage, 606 
250-v preferred, 601,607 
250 v tube-zener, 594 
300 y at 200 ma, 596 
300-v negative-output, 613 
300-v pentode with 616 series tubes, 612 
300-v preferred, 597, 605 
320 y at 60 ma, 612 
10-kv r-f oscillator-type for crt, 601 
14-kv 400-cps ci-t, 610 

Regulated power supply, 15-kv uvicon, 736 
20-kv inductive-storage, 604 
2.8-microamp constant- current, 170 
1-ma constant-current, 167 
10-ma constant- current, 167 
5 amp at 0-20 v, 595 
adjustable 30-v meter-testing, 775 
backward-wave oscillator filament, 593 
balanced- input pentode twin-triode, 614 
balanced- output pentode twin- triode, 612 
basic series- pass transistor, 609 
battery charger, 74 
capacitor-forming, 591 
CCTV repeater, 745 
constant-current, 168 
constant-current-diode, 588, 594 
current limiter, 331 
current-stabilized dry cell, 359 
d-c voltage level converter to pulse width, 145 
dual- polarity 15-v, 595 
fail-safe twt filament, 506 
feedback choke cuts ripple, 602 
five voltages for linear IC tester, 604 
focus coil, 92 
heater, 598 
high- voltage magamp, 355 
klystron oscillator, 592 
low-cost silicon-diode reference, 609 
low- ripple, 595 
magamp for reflex klystron, 355 
magnetic-amplifier, 351 
magnetron filament, 614 
magnetron injection electrode, 592 
minimum-dissipation, 506 
modified twin- triode cascade, 609 
overload and overvoltage protection, 504 
overload- protected, 502, 503, 509, 510 
overload protection with ripple clipping, 503 
overload protection with tunnel diode, 505 
pentode with ripple suppression, 614 
portable cro, 74 
precision constant-current, 170 
reference amplifier, 614 
reference for automatic charger control, 75 
satellite, 103 
saturable- reactor, 590 
scr, 608 
Sc, overload protection, 501, 507 
series- pass with delayed overload potection, 

510 
series- pass with overload protection, 503 
short-circuit- protected, 510, 590 
short-proof, 510 
shunt with zener, 606 
simple series regulator, 614 
single-pentode, 611 
switched d-c, 597 
temperature-compensated, 613 
triggered scr, 598 
true twin-triode cascode, 609 
twin-triode cascade, 611, 612 
variable pulse width, 105 
vibration meter, 589 
zener-controlled high-current, 593 
(See also Power supply) 

Regulator, 0-100 ma current, 171 
6-v shunt transistor, 613 
audio generator, 169 
blood pressure, 385 
charging-current, 75 
closed- loop for high-power induction heater, 212 
current, 171 
d-c amplifier, 174 
d-c to d-c converter, 141, 142 
d-c signal, 194 
electromagnet servo, 648, 649 
focus coil current, 92 
gas analyzer filament emission, 127 
heart rate, 390 
integrated-circuit series, 305 
oven temperature, 757 
reactor control rod magnet current, 129 
series, 510 
temperature, 762 
three-phase static inverter, 316 
(See also Current control: Regulated power 

supply) 
Regulator-charger, portable cro, 74 
Relay, 12-v a-c drive by transistors, 713 

d-c amplifier responds to rapid input changes, 
176 

delayed-dropout timer, 188 
fast- recycling time-delay, 187 
fast- rise current driver, 705 
fet light-activated latching, 328 
hysteresis-free, 127 
latch circuit, 327 
latching a-c static using toroids and scr's, 327 
latching magnetic-firing scr, 328 
multivibrator, 419, 421, 426 
mvbr-controlled, 438 
on-off servo, 659 
parking meter reset, 293 
photoelectric, 482 
reflex control amplifier, 137 
resonant-reed control, 616 
saturable- reactor latch, 709 
six-transistor for 10-amp load, 705 
slow-break circuit, 186 
slow-make circuit, 182 
solid-state dpdt, 712 
stepper flip-flop drive, 230 
thyratron stops chatter, 488 
transmitter-damping, 801 
pit time delay, 188 
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Relay, variable-delay make, 180 
Relay chatter, tester, 774 
Relaxation oscillator, 1-Mc high-efficiency, 451 

ujt for electronic organ, 215 
Relay circuit, hot-chassis lifesaver, 509 
Reliability, active redundant d-c amplifier, 175 

passive redundant a-c amplifier, 28 
Remote control, 27.255-Mc receiver, 621 
27-255-Mc td-crystal transmitter, 620 
27.255-Mc transmitter, 617 
73.5-Mc transmitter, 617 
amplifier gain, 620 
balloon-borne gear, 618 
corneras on rocket sled, 615 
carrier-powered, 7 
commutator-motor synchronizer, 619 
Franklin superregenerative receiver, 620 
magnetostriction tv, 830 
Miller superregenerative receiver, 618 
model tank, 616, 620 
photoelectric oscillator, 484 
power- line carrier-current receiver for tv set, 617 
power- line carrier-current transmitter for tv 

receiver, 620 
radioactive-area robot, 618 
target aircraft, 619 
target drone, 615 
target drone receiver, 616 
time-constant detector for tv, 619 
toy train, 621 
transmitter, 824 
tv transmitter programs, 622 
tv ultrasonic, 827 
ujt-td garage-door transmitter, 618 
variabia rectangular-wave modulator, 618 
(See also Control; Motor control; Receiver; 

Telemetry; Transmitter) 
Remote gain control, wideband amplifier, 14 
Repeater, 10-Mc CCTV, 740 

d-c power supply (CCTV), 745 
squelch-actuated mobile radio, 442 

Resistance, a-c milliohmmeter, 375 
go-no-go tester, 733 

Resistor, electronically variable, 312 
variable r- f, 83 
voltage-controlled fet, 220 

Resolver, sweep generator drive, 549 
unity-gain isolating amplifier, II 

Resolver driver, a-c operational amplifier, 659 
Responder, 13-kc ultrasonic, 832 
Retina stimulator, electrical, 385 
RIAA equalization, phono preamplifier, 40 
Ring counter, scr motor control, 405 
Ringing choke, d-c to d-c converter, 141, 142 
Robot, commutator motor synchronizer, 619 

remote-control commutating switch, 618 
Rocket, pitch or yaw servo, 659 
Rotation analyzer, integrator, 67 

Sample-and- hold, analog, 36 
fet d-c amplifier, 172 
operational amplifier, 704 
pam pulse train, 626 

Sampler, digital receiver, 623 
random noise, 268 

Sampling, 10-Mc amplifier, 628 
10- Mc flip-flop, 625 
0-5 y telemetered information, 626 
20 voltage sources, 624 
analog-digital, 628 
axis-crossing interval, 90 
boxcar circuit, 627 
cold-cathode radioactive, 625 
component waveforms, 773 
diode bridge, 82 
end-of-count time recorder, 625 
Hall generator, 623 
linear bootstrap time base, 634 
locked- pair logic, 342 
magnetic-tape data, 624 
magnetic-tape reference channel, 626 
millivolt pulses, 84 
operational amplifier with tunnel-diode pair, 626 
thin-film waveforms, 628 
two-way electronic switch, 627 
video signal, 89 
zero- order data hold, 627 

Sampling circuit, analog-digital converter, 32 
Sampling gate, 360 
Satellite, 3- Mc telemetry oscillator, 450 

10-channel multiplexer, 152 
digital-analog random-pulse converter, 35 
magnetometer, 368 
position-measuring phase meter, 468 
solar x-ray spectrometer, 533 

Saturable core, voltage control, 134 
Saturable reactor, frequency-dividing, 784 

inverter, 320 
Saturable-transformer chopper, 100-kc, 108 
Sawtooth, 25-75 kc frequency modulator, 720 

0.2-300 sec Schmitt trigger, 483 
afc for mobile color tv pickup, 750 
analog voltage comparator, 586 
converting from sine wave, 147 
derivative pulse output, 523 
drum recorder control flip-flop, 587 
fast- reset, 699 
free- running, 699 
grounded grid, 698 
linear R-C radar encoder, 556 
low-frequency with 1 percent linearity, 687 
multi- range constant-amplitude, 696 
phontastron time base, 707 
radar delay, 178 

Sawtooth, recovering analog voltage, 583 
Shockley diode relaxation oscillator, 556 
three-transistor phantastron, 697, 701, 702 
transistor, 517 
variable-sweep subaudio signal generator, 676 
voltage bar graph display, 206 

Sawtooth generator, 20-100,000 cps triangular, 629 
50-kc, 637 
100-v ramp, 633 
400-v gto, 638 
100 sec to 5 hour ramp, 634 
adjustable slopes and peaks, 631 
boosting frequency, 631 
fast- retrace synchronous sweep, 631 
four- waveform, 634 
high-accuracy, 631 
high- linearity, 629 
linear, 632, 636 
linear 2- sec, 637 
linear bootstrap, 630 
linear bootstrap time base, 634 
linear ramp, 636, 637 
positive or negative slope, 635 
pulse width measurement, 630 
rising and falling, 632 
sampling or strobe, 632 
simple subaudio, 635 
slow- rise linear- ramp, 638 
subaudio, 633 
triggered Shockley diode with integrator, 635 
ujt slope- reversing, 637 
ujt variable-frequency sweep, 637 
ultralinear ramp as voltage to pulse width 

converter, 636 
uni junction, 635 
variable- slope ramp generator, 638 
variable triangular, 636 
voltage controlled ramp, 633 
voltage- independent fet, 630 
waveform-synthesizing, 635 
(See also Sweep) 

Scaler, 1-kc glow-tube, 161 
4-kc glow-tube, 154 
0.5-Mc cold- cathode, 565 
1-Mc low-dissipation, 664 
500-Mc biquinary, 151, 158 
500-Mc quinary control circuit, 164 
arithmetic binary, 564 

Scaler, basic bistable with trigger amplifier, 730 
battery-powered binary, 149 
decade, 157 
four- channel discriminator, 725 
G-M drive, 541 

Scanner, bone-marrow ratio, 382 
character, 640 
character- reading, 640 
densitometer, 364 
flat-display tv, 641 
flying-spot pupillograph, 642 
flying-spot sweep failure alarm, 696 
microfilm flying spot, 639, 642 
nuclear tracks, 639 
optical mark- sensing, 478 
photomultiplier gain stabilizer, 641 
photomultiplier signal subtracter, 641 
signal- level- controlled gain, 59 
transducer, 643, 649 
ujt raster generator, 640 
wideband video amplifier, 641 

Scatter link, pulsed demodulator, 192 
Schmitt trigger, cro strobe, 89 

temperature alarm, 1 
voltage regulator, 105 
(See also Trigger) 

Scintillation counter, anticoincidence circuit, 565 
coincidence circuit, 566 
coincidence detector, 561 

Scope (see Cathode ray; Oscilloscope) 
Script, reading, 336 
SECAM, French color tv chrominance, 748 
Selector, quad- block, 304 
Sense amplifier, integrated-circuit, 301 
Sensing, core memory, 812 
Sensistor, 5-Mc temperature-compensated flip-flop, 

236 
mono, 422 

Sensitivity control, vidicon, 737 
Sensor, a-c load, 321 

engine heat, 293 
frequency, 629 
germanium-diode temperature, 757, 758, 763, 
germanium- transistor temperature, 758, 759 
pressure, 301 
time-delayed Schmitt, 136 
toroid command pulse, 726 

Separator, clamped video sync, 744 
Septupler ( see Frequency multiplier) 
Serializer, measuring nearly simultaneous events, 

180 
Servo, 50, 60, and 400- cps amplifier, 656 

60- cps amplifier for air- leak detector, 654 
400- cps amplifier, 653 
400- cps driver, 648 
400- cps two-transistor preamp, 662 
800- cps active parallerT filter, 221 
1.5-w class B amplifier, 651 
1.5-w fet amplifier, 657 
2-w amplifier, 653 
3-w amplifier, 660 
3-w power amplifier, 661 
4-w class B amplifier, 645 
4.ve output stage, 660 
5-w amplifier, 651 
6-w high-efficiency amplifier, 647 
7.5-w class B amplifier, 644 

Servo, 10-w class B amplifier, 650 
35-w class B amplifier, 652 
alternator frequency control discriminator, 203 
amplification- 15 preamplifier, 654 
amplification-70 preamplifier, 657 
amplification-300 preamplifier, 654 
amplification- 1,200 preamplifier, 663 
anesthesia control, 387 
artificial hand, 388 
automatic search and control, 662 
balanced-bridge reversing drive, 411 
blood-volume level control, 380 
bootstrapped emitter-follower positive-feedback 

amplifier, 654 
bridge- balancing, 663 
chopper- input amplifier, 663 
clock control, Ill 
comparator chopper, 115 
complementary-transistor amplifier, 655 
controlling extrusion of plastic on wire, 87 
current- subtracting modulator, 646 
d-c motor control, 412 
dewpoint measurement, 480 
d-f antenna, 649 
direct-coupled preamp, 657 
electric spark machine control, 128, 129 
electromagnet fine regulator, 648 
electromagnet rough regulator, 649 
frequency compensator, 647 
frequency control for 5-Mc primary standard, 109 
frequency control for dielectric heater, 209 
frequency standard control, 468 
full-wave push-pull a-c drive, 407 
goniometer amplifier, 405 
gyro pitch or yaw, 659 
instrument motor controller, 661 
integrator amplifier, 306 
klystron oscillator mode-centering, 556 
life-test cycling, 662 
magamp gyro indicator, 350 
measuring angular lag with photodiode pickoff, 

481 
micromicroammeter, 371 
modulator for shaft position encoder, 661 
motor stall protection switch, 657 
negative- positive-feedback amplifier, 653 
nulling amplifier, 644 
on- off relay, 659 
operational preamplifier, 655 
parallel- mode transducer scanner, 643, 649 
Perkin-Elmer infrared analyzer, 289 
phase- sensitive null detector, 660 
printed-circuit assembler, 652 
quadrature-suppression thermistor, 648 
quadrature voltage rejection, 646 
receiver attenuator, 61 
resolver driver, 659 
response time speedup, 645 
self- balancing 400-cps servo motor drive, 352 
self-setting gate, 276 
sonar bearing indicator, 829 
star tracker gain- controlling, 651 
stepper tester, 777, 778 
switching-mode amplifier, 658 
synchronous filter, 650 
target drone control, 615, 616 
telescope positioning, 662 
ten-transistor amplifier, 645 
ten-transistor integrated- circuit amplifier, 304 
thermistor, 656 
three- transistor transformer-coupled amplifier, 

650 
transmitter tuning, 643 
Triac-Diac reversing speed control, 411 
two-speed, 658 
two-speed magamp drive, 354 

Servo amplifier, 2-w, 646 
6-w, 656 

Sextupler, voltage, 193 
Shape recognition, dilating circular scan, 640 
Shaper, complementary, 807 

facsimile sync, 586 
Shift register, 6-kc counting, 154 

500-kc flip-flop, 666 
1- Mc low- dissipation, 664 
1.5-Mc flip-flop, 345 
1.6-Mc clock rate, 665 
10-nsec pulses, 667 
2,000 sec counter pulse generator, 665 
1-pps clock generator, 665 
analog-digital converter, 34 
basic bistable, 667 
basic scs, 666 
contents display, 664 
counting, 150 
driver, 667 
five pnpn one- bit units, 819 
flip-flop blocks, 668 
ring-counter with visual readout, 161 
self-indicating flip-flop, 666 
symmetrical saturated flip-flops, 666 
ten- stage scs, 668 
transformer- controlled, 668 
tunnel diode, 667 
tunnel diode- transistor, 341, 349 
(See also Computer; Logic) 

Shifter, d-c signal level, 768 
logic level, 335 

Shmoo curve plotter, computer memory, 306, 345, 
432, 535, 637 

Shock spectrum, analyzer, 536 
Short-circuit, power supply protection, 590 
Short-circuit protection, series- regulator, 594 
Shutter, Kerr-cell, 487 
Sideband rejection, dual-deteclai demodulator, 192 
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Signal dropout alarm, 7 
Signal generation, beep or tone, 6 
Signal generator, 0.1-1,000 cps two-phase, 670 

15-cps-modulated 1-Me, 771 
20-40 cps variable sweep, 676 
20-40 kc Wien- bridge, 675 
850- cps constant-amplitude eme wave, 675 
848-kc crystal filter, 221 
5-15 Mc Clapp sweep-frequency, 674 
attack control amplifier, 676 
battle- station alarm, 3 
carrier synthesizer, 675 
coherent oscillator, 672 
color- burst gating signal, 752 
electronic music demonstrator, 671 
electronic- organ neon, 215 
frequency-analyzing filter, 669 
incremental tuning, 674 
incremental- tuning R-C output, 669 
infrared power monitor, 291 
integrated-circuit chopper drive, 303 
level- stabilized, 672 
linear-frequency sweep, 671 
programmed digital, 673, 682 
radio direction- finder calibrator, 676 
random-function, 677 
random periodically stepped wave, 672 
r-f/a-f, 670 
simple subaudio sawtooth, 635 
siren warble, 3 
square-wave, 672 
standing-wave detector, 674 
stereo f- m, 690 691 
subaudio sawtooth, 633 
swept-frequency shf, 697 
timed pulse, 673 
two-phase oscillator, 248 
ultrasonic control tester, 833 
varying- frequency alarm tone, 4 
vhf voltage-tunable ferroelectric, 676 
Wien-bridge four- range, 670 
(See also Function generator; Pulse generator; 
Sawtooth generator; Staircase generator) 

Silicon- controlled rectifier, toy train control, 621 
Silicon controlled switch, rfi protection, 446 
Simulator, 16- bit serial binary words, 681 

airborne mti clutter, 682 
antenna-pattern function generator, 266 
auto engine road test, 66 
beam- rider missile target, 443 
exponential-decay load, 684 
ionospheric pulse transmitter, 677 
ionospheric sounder pulses, 684 
neurons, 683 
nuclear blast thermal radiation, 682 
Programmed digital, 673, 682 
radar clutter, 546 
radar and sonar, 679 
radar spiral sweep, 679 
radar target, 680, 683 
radar target acceleration, 683 
radar target or noise pulses, 680 
random-function control system, 672, 677 
speech, 683 
squib for propellant-actuated fastener, 681 
telemetry commutator, 678 
three-dimensional radar target, 681 
transport delay, 179 
two-dimensional radar target, 547 
variable power-supply load, 684 

Sing-around velocimeter, sonic deep-ocean, 371 
Siren, 200-w power amplifier, 4 

preamplifier, 2 
three- transistor wailing, 5 
warble generator, 3 
zone coding generator, 2 

Slave unit, photographic, 486 
Slicer, fast agc, 60 

pulse height analyzer, 536 
ultrasonic pulse, 828 

Solar cell, strobe- generating amplifier, 17 
voltage regulator, 105 

Solar cell amplifier, character reader, 114 
Solenoid, measuring closure time, 784 

overdrive amplifier, 515 
Solenoid actuator, drive circuit, 407 
Solion, electrical readout integrator, 310 

noise dosimeter, 309 
tetrode integrator, 308 

Sonar, 22-kc receiver, 828 
22-kc transmitter, 835 
300-kc tone burst generator, 271, 273 
1- megawatt pulse generator, 552 
audio selection gate, 827 
cathode-ray bearing indicator, 829 
f-m demodulator for trainer, 831 
f-m modulator for trainer, 835 
peak-amplitude detector, 832 
thumper, 833 
timer and c-r display, 204 

Sorter, component waveforms, 773 
photoelectric gaging, 479 
pulses in train, 540 
pulse width, 539 

Sound (see Audio) 
Sound level meter, 444 

rectifier, 446 
stable amplifier, 44 

Sound movies, tape recorder, 718 
Sound track drive, 16-mm camera, 581 
Spacecraft, computer power conservation switch, 

125 
recovery beacon, 77 

Spark coil, sonar thumper, 833 
Spark gap, 1-millimicrosec switch, 710 
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Spark gap, fast high- voltage switch, 704 
Spark machining, 4.5-kv power supply, 128 
amplidyne servo control, 129 

Specific gravity, measurement, 128 
Spectrometer, missile plume, 291 

Mossbauer-effect, 356 
neutron, 559 
nuclear- resonance temperature- sensing, 760 
solar x-ray, 533 
underwater gamma radiation, 475 
wide-band amplifier, 20 

Spectrum analyzer, low-pass i-f amplifier, 284 
shock, 376 
shock pulse, 536 

Speed control, 1- kw fan, 471 
series d-c motor, 406, 412 
shunt-wound motor, 406 
(See also Motor control) 

Spike suppression, d-c/d-e converter, 138 
Spin test, inductive telemetry, 768, 771 
Splitter, phase, 568 
power supply voltage, 610 

Sporadic- E, measurement, 376 
Square-wave generator, 0.2-300 sec, 483 

conversion from audio oscillator, 531 
(See also Pulse generator) 

Squarer, electrostatic, 309 
frequency analyzer, 669 
high-accuracy fet, 267 

Squaring, fet audio, 265 
Squelch, audio, 444, 445 
CB receiver, 794, 795 
double superhet, 445 
fail-safe, 439 
magnetic-tape print-through, 720 
mobile receiver, 446 
preferred agc, 62 
preferred audio, 62 
tuning motor noise-actuated, 412 

Stabilizer, load current, 171 
photoelectric light source, 482 
signal voltage, 22 

Staircase generator, 10- minute stepped sweep, 685 
64- step, 686, 687 
blanking indicator, 686 
counter, 685 
cro raster display, 91 
curve tracer, 688 
frequency to voltage converter, 146 
low- frequency, 687 
multi junction semiconductor, 152 
negative and positive-going, 688 
segmented-sweep display, 687 
single-step, 688 
transistor curve tracer, 770 
wide frequency range, 685 

Standard cell, calibrating a-c meters, 781 
Star tracker, gain- controlling, 651 

photomultiplier, 477 
Starter, free- running flip-flop, 233 
Static alternator, three-phase motor control, 405 
Steering, base-triggered flip-flop, 813 

base-triggered fl.p-flop with hybrid gate, 818 
collector- triggered flip-flop, 819 
reversible counter, 153 

Stellarator, crowbar switch, 708 
pulse generator, 520 

Step generator, tunnel-diode, 688 
Stepper motor, test analyzer, 777, 778 
Stepper relay, flip-flop control, 230 

latch, 328 
reset circuit, 328 

Stepping circuit, pulse generator, 516 
Stepping motor, drive oscillator, 412 
Stereo, 60- cps parallel-T notch filter for reproducing 

tape, 218 
10-w amplifier power supply, 694 
audio amplifier for f-m transmitter, 690 
audio preamplifier, 689 
compactron f-m adapter, 693 
driver, 693 
dual-output i-f amplifier, 690 
fet f-m tuner, 691 
f-m automatic switch, 689 
f-m multiplex adapter, 694 
f-m multiplex tuner, 253 
f-m receiver matrixing, 691 
f-m tuner with pin diode, 695 
headphone amplifier, 694 
multiplex f-m signal generator, 690 
multiplex phase modulator, 693 
receiver multiplexer, 692 
suppressed-carrier f-m, 691 
transmitter subcarrier generator, 695 
(See also Audio; Tape recorder) 

Stethoscope, sliding gate, 389 
Stimulator, neurophysiology, 384 
paralyzed arm muscle, 385 
retina electrical, 385 

Storage, ferrite-core analog, 179 
(See also Memory) 

Storage readout, solid-state counter, 159 
Storage register, flip-flop, 427 
Strain gage, 0-25 kc amplifier, 366 

self- balancing shunt bridge, 83 
Stretcher, pulse, 30, 542, 813 

fast- rise-time pulse, 92 
pulse width, 268, 541 

Strobe, computer memory, 122, 124 
oscillator- trigger, 224 
ramp-staircase mixing, 632 
(See also Flash) 

Strobe pulse generator, crt, 96 
Stroboscope, 1,000-flash-per-sec, 230 

adjustable, 224 

Stroboscope, flash ratemeter, 229 
high-voltage pulser, 223 
modification of auto engine-timing strobe, 225 
thyratron flashtube trigger, 225 
(See also Flash; Strobe) 

Strobotron, Geiger counter visual indicator, 562 
sonar thumper, 833 

Subaudio, 0.5-100 cps tunable amplifier, 49 
Subtracter, photomultiplier signals, 641 
sampled waveforms, 628 

Summing, d-c operational amplifier, 103 
Superconducting contact, test set, 778 
Superheterodyne, double- conversion f- m, 574 
Suppressor, scr noise, 445 
Survey meter, radiation, 563 
Surveying, datum stabilizer for radar altimeter, 87 
Sweep, 20-40 cps variable, 676 

10- minute stepped, 685 
2 y increase per second, 700 
100-v ramp, 633 
800-v hybrid bootstrap, 698 
backward-wave-tube shf, 697 
bootstrap with flip-flop, 702 
bootstrap ppm demodulator, 729 
cro vertical, 697 
Darlington bootstrap flip-flop, 699 
double- bootstrap triangular-wave, 632 
fast- reset sawtooth, 699 
fast- retrace sawtooth, 631 
flying- spot scanner failure alarm, 696 
gyro balancer cro, 89 
high- precision facsimile recorder, 584 
high-speed hybrid bootstrap, 697 
horizontal scr, 702 
horizontal tv, 417 
hybrid bootstrap, 702 
improved horizontal tv, 746 
klystron, 697 
klystron oscillator, 700 
linear sawtooth, 632, 636 
linearly varying 400-600 kc, 671 
logarithmic bootstrap, 701 
modified phontastran, 701 
multi- range airborne radar, 696 
power amplifier, 585 
radar ppi, 549 
radar ppi yoke driver, 550 
radar timing pulse shaper, 550 
sampling staircase, 686 
sawtooth phontastron, 697, 701, 702 
subaudio, 633, 635 
tangent-function, 698 
triangular-wave crt, 96 
tunnel diode curve tracer, 700 
tv horizontal gate- controlled switch, 702 
two-transistor phantastron, 698 
two-triode phantastron, 699 
u¡t variable-frequency sawtooth, 637 
ultrasonic remote control tester, 833 
variable- length radar, 551 
(See also Sawtooth) 

Sweep generator, camera control, 489 
cro horizontal, 97 
cro raster, 98 
cro vertical, 93 
cro vertical triggering, 97 

Switch 20-kc control amplifier, 118 
100-kc gate- turnoff chopper, 108 
100-kc repetition rate for light-emitting diode, 
226 

10-Mc, 704 
1-millimicrosec spark gap, 710 
126-channel-sampling, 181 
20-w one-shot mvbr, 437 
360-kw electric fish fence, 707 

Switch, 6.0 v, 808 
a-c power outlet interlock, 713 
a-c relay drive, 713 
acceleration- sensing, 408, 410 
acceleration- torsion-actuated, 406, 407 
alarm lamp, 3 
analog, 103 
analog voltage comparator, 33 
automatic f-m stereo, 689 
avalanche, 527 
balanced shorting, 278 
balanced variable-threshold control, 441 
bilateral logic, 345 
capacitance-transducer, 705 
capacitor-discharging neon, 709 
capacitor-discharging power one-shot, 432 
closed- ring sampling counter, 624 
computer memory, 708 
core readout, 33 
counter disconnect for motor transients, 135 
current-controlled threshold, 422 
current- mode, 790 
current-mode for light-emitting diode, 223, 228 
current-mode transistor, 158 
electronic ignition, 68 
encoder diode matrix, 789 
falling-sphere accelerometer, 424 
fast a-c power, 712 
fast d-c power, 712 
fast-rise current for inductive load, 705 
fine-deflection character generator, 101 
flip-flop controlled audio, 710 
forced speedup with shunt inductor, 707 
four- layer diode gate, 277 
frequency-sensitive photoreed, 483 
gate- turnoff d-c circuit breaker, 708 
goniometer r- f, 704 
Hall generator, 623 
high-power scr, 710 
high-speed six-transistor relay, 705 



Switch, high- voltage, 703 
hold- sample-hold phase detector, 472 
hybrid 1,500-v, 711 
hybrid boxcar, 627 
hydrogen thyratron, 395 
ignitron discharge- shorting, 708 
Kita diode, 706 
light-activated, 484 
light- coupled binary, 709 
line- voltage- sensing, 501 
low-level differential, 33 
magnetic ignition, 69 
memory current, 124 
memory matrix, 713 
microwave fault alarm, 3 
missile count-down, 706 
modulator for synchronous full- wave scr, 864 
multiple spark gap, 704 
multiplexer transistor series, 270 
mvbr-driven, 520 
mvbr input with delay, 417 
nanosecond thyratron driver, 513 
negative- resistance-diode bistable, 709 
operational amplifier control, 704 
photodiode, 481 
polarity- sensitive, 618 
power- line overvoltage, 505 
power-transistor coarse-deflection, 101 
press safety, 706 
pulse integrator, 312 
pulsed- light scr, 484 
radar ppi marker, 553 
rate-effect suppression, 328, 329 
ring counter, 111, 113 
ring-of- five neon oscillator, 450 
rocket roll channel, 132 
saturable- reactor latch, 709 
scr, 707 
scr mvbr, 428 
scr for photoelectric tape reader, 480 
scr-reed a-c, 711 
scr three-phase inverter, 326 
scs contact isolator, 704, 713 
sensitive a-c power, 709 
sensitive d-c power, 710 
serial decoder reference, 37 
sequential, 710 
solid-state dpdt, 712 
stalled servo motor protection, 657 
standby battery, 507 
stellarator crowbar, 708 
stepper drive, 530 
storage-capacitor for display, 708 
synchronous full- wave scr for a-c loads, 709 
three-lamp indicator, 207 
thyratron X-band magnetron control, 556 
touch control, 85 
transistor for auto ignition, 711 
Triac latching a-c, 329 
Triac on- off a-c, 713 
triggered-gap 50,000-amp pulse, 170 
two-stage d-c voltage comparator, 118 
two-way sampling, 627 
tunnel- diode bistable, 711 
ujt latch for inductive- load scr, 329 
ultrasonic thyratron, 835 
variable- time one-shot, 429 
video display, 89 
video radar, 553 
video time-sharing, 703 
voice- controlled, 133 
voltage-controlled high- voltage, 506 
voltage- sensing scs, 5 
waveform-generating, 516 
white- noise- controlled, 679 

Switched regulator, d-c, 597 
Switching, adjustable- hysteresis flip-flop, 236 

automatic turnoff of unused computer sections, 
125 

Switching, diode tester, 777 
glow-tube in neutron diffractometer, 559 
high-speed nor gate, 341 
Kerr cell, 487 
magnetron beam tube, 537 
phasemeter, 471 
recorder cores, 581 
transient- pulse detector, 329 
transistor- bridge, 83 
tunnel- diode, 117 
tunnel-diode pulser, 522 
uni junction ring counter, 164 

Switching circuit, analog-digital converter, 32 
character reader, 114 
static alternator, 314 
stepped-output power supply, 596 
temperature control, 759 
tunnel diode test, 766 

Switching-mode amplifier, servo motor, 658 
Switching-mode control, series cl-c motor speed, 406 
Switching speed, magnetic film, 628 
Switching tube, pulse memory, 376 
Sync generator, synchrotron, 527 
Sync lock, television field pickup, 740 
Sync separator, transistorized color tv, 750 
Synchronization, 68.4-kc oscillator by 400-cps sync, 

459 
10-1 blocking oscillator, 447 

Synchronizer, motor-driven commutators, 619 
uhf for oscilloscope, 97 

Synchronizer, ultrasonic wavetrain zero- crossing, 
828 

wire- line transmitter and receiver, 112 
Synchronous detector, pçm, 192 
Synchrotron, triggered square-wove generator, 521 
Synthesizer, 3,500- channel uhf transceiver, 242 

Synthesizer, frequency, 580 

Tachometer, 1-pps gate-opening turbine, 69 
30,000-rpm capacitance transducer, 87 
auto engine, 65, 68 
conveyor belt slip detector, 353 
counter display, 70 
quick- disconnect automotive, 69 
scale- of-ten divider, 240 
scs single- pulse generator, 66 
single-transistor auto, 71 
test set, 771 
two-channel amplitude-discriminating, 71 
ultralinear high- precision auto, 67 
zero- power, 68 

Tank, 50-Mc phase- locked, 345 
Tape ( see Magnetic tape; Tape recorder) 
Tape control, milling machine, 410 
Tape reader, photoelectric comparator, 119 

scr photoelectric, 480 
Tape recorder, 250 cps-250 kc instrumentation, 715 

25-75 kc frequency modulator, 720 
50-kc reference base oscillator for magnetic tape, 

722 
8-mm sound stripe, 716 
digital data read amplifier, 721 
digital data write amplifier, 722 
direct- reproduce instrumentation tape, 714 
erase and bias oscillator, 721 
fet preamplifier, 716 
f-m demodulator, 717 
magnetic tape, 721 
magnetic tape amplifier, 719 
movie camera magnetic, 718 
playback compensation, 717 
portable dictating machine, 719 
print-through squelch, 720 
read preamp, 715 
synchronous detector for zero- speed tape play-

back, 714 
tape wow and flutter measurement, 716 
timing signal modification, 716 
transpnrt test mvbr, 718, no, 722 
video tape preamp, 715 
video time division multiplex, 715 
volume compressor, 721 
zero-speed tape playback, 718 

Target simulator, radar, 680, 683 
Teaching machine, reward-dispensing mvbr gate, 

272 
Telemetry, 8-kc Q multiplier for tone filter, 413 

60-kc mine- testing ultrasonic transmitter, 832 
60-kc underwater hydrophone receiver, 831 
2.2- Mc transmitter power amplifier, 548 
3-Mc Colpitts oscillator, 450 
3 Mc to 54 Mc frequency multipliers, 259 
15-Mc command receiver, 300 
23-Mc discriminator, 56 
23-Mc voltage- controlled oscillator, 460 
24-Mc varactor-modulated f- m, 252 
27-Mc tone- modulated transmitter, 803 
37.7-Mc eeg signal transmitter, 388 
54-Mc low-power transmitter, 733 
54-162 Mc frequency multiplier, 256 
54-324 Mc frequency doubler-tripler, 257 
92-Mc f-m transmitter, 732 
95-Mc two-channel f-m/f-m transmitter, 724 
100-Mc wireless link transmitter, 729 
223-Mc transmitter, 800 
230-Mc pam/f-m beacon, 252 
460-Mc f-m command receiver, 615 
10-channel satellite multiplexer, 152 
20-channel audio tone decoder, 132 
60-mw transmitter, 730 
airborne pdm keyer, 728 
amplifier overload protection, 331 
analog switch, 103 
anemovane audio oscillator, 727 
avalanche warning transmitter, 2 
baroreceptor nerve potential, 389 
basic scaler, 730 
camera control, 490 
command pulse monitor, 726 
commutator simulator, 678 
cosmic- ray gage, 562 
current-controlled subcarrier, 731 
daylight intensity, 484 
d-c coupled transmission line, 133 
d-c/d-c regulated power supply, 495 
d-c summing amplifier, 177 
differential voltage comparator, 117 
diversity combiner, 723, 730 
double-conversion f- m, 574 
electron density, 376 
energy- loss telescope, 726 
five- bit encoder, 731 
f-m/f-m helmet transmitter, 725 
f-m modulator, 730 
f-m strain- gage oscillator, 255 
four- channel discriminator, 725 
four-stage differential amplifier, 195 
heartbeat transmitter, 377 
high altitude balloon, 76 
inductive, 768, 771 
logarithmic amplifier, 724 
low-drift d-c amplifier, 174 
low-pass filter, 219 
lunar probe, 727 
Mercury spacecraft audio driver, 50 
micro- multiplexer, 730 
missile performance monitor, 727 
multiplex driver, 725 
muscle potential, 391 
neutron- counting, 726 

Telemetry, pcm frequency divider, 243 
pcm multiplexer, 729 
phone- line shaft position modulator, 661 
ppm demodulator, 729 
projectile acceleration, 731 
projectile nose pressure, 731 
pulse height-time converter, 143 
pulse reshaper for diversity combiner, 732 
pulse stretcher, 542 
radiation satellite transmitter, 728 
receiving decoder, 733 
resistance-controlled subcarrier oscillator, 732 
ringing-type pulse generator, 528 
sample-and-hold with bilateral charging, 626 
satellite cloud pictures, 582 
sideband re¡ection, 192 
slow- scan monitor, 742 
slow-scan tv camera, 735 
stratosphere balloon temperature, 756 
strobe for cro display, 89 
subcarrier oscillator stabilization, 728 
temperature, 760 
temperature monitor, 763 
tone-modulated transmitter, 618 
transducer d-c amplifier, 70 
water depth receiver, 825, 831 
wind- velocity transmitter, 724 

Telephone, baseband amplifier, 82 
data matrix readout, 122 

Telephone channel, thick-film amplifier, 43 
Telephone dial tester, flip-flop, 781 
Telephone system, low- voltage alarm, 5 
Teleprinter, character counter, 787 

control, 386 
Telescope, energy- loss, 726 
Television, 3.58-Mc color burst oscillator, 753 

4.5-Mc low-cost f-m sound discriminator, 251 
automatic chroma control, 751 
automatic color control and killer, 750 
bone section scanner, 382 
b-w 12-Mc distribution amplifier, 744 
b-w 100-Mc bandwidth, 745 
b-w automatic fringe tuning, 746 
b-w automatic local- fringe tuning, 739 
b-w CCTV 10-Mc currier modulator terminal, 745 
b-w CCTV 10-Mc repeater, 740 
b-w CCTV receiving terminal, 740 
b-w CCTV repeater power supply, 745 
b-w clamped sync separator, 744 
b-w delta sound system, 743 
b-w diode mixer, 746 
b-w germanium-transistor horizontal deflection, 

741 
b-w horizontal oscillator stabilization coil, 746 
b-w horizontal sync transient display, 741 
b-w laser, 739 
b-w linear transistorized horizontal sweep, 746 
b-w mesa- transistor oscillator, 740 
b-w mesa-transistor tuner, 745 
b-w one- transistor video amplifier, 742 
b-w outline generator, 743 
b-w peak picture control, 741 
b-w pulse-cross generator, 746 
b-w reactance- transistor afc, 740 
b-w scr horizontal output, 744 
b-w slope detector for sound, 743 
b-w slow- scan monitor, 742 
b-w two-stage solid-state video amplifier, 741 
b-w two-tr ansistor horizontal deflection, 745 
b-w video output amp, 746 
B-Y demodulator, 754 
cctv voltage bar graph display, 206 
color afc for mobile pickup, 750 
color agc, 753 
color automatic fine tuning, 751 
color- burst amplifier, 753 
color- burst gate, 753 
color- burst gating- signal generator, 752 
color demodulator, 747, 752 
color killer and hold, 753 
color pickup reference oscillator, 752 
color sound i-f, 749 
color video i-f, 754 
community-tv up converter, 146 
eye- motion tracker, 483 
fet uhf tuner, 823 
flat- display scanner, 641 
French SECAM chrominance stages, 748 
gate-controlled switch horizontal sweep, 702 
gated color- burst regenerator, 748 
horizontal sweep mvbr, 417 
infrared modulator, 293 
keyed agc, 59 
low- noise uhf tuner, 823 
magnetostriction remote control, 830 
mobile color pickup limiter, 332 
modulation percentage monitor, 416 
power- line carrier-current remote- control 

transmitter, 620 
program rating scanner, 639, 642 
remote- control power- line carrier receiver, 617 
remote control of programs, 622 
remote ultrasonic volume control, 829 
sync-generator frequency divider, 241, 243 
three-transistor color audio, 752 
time-constant detector for remote control, 619 
transistorized chroma amplifier, 747 
transistorized color sync separator, 750 
transistorized luminance amplifier, 751 
transistorized portable tuner, 821 
two-color system, 749 
uhf tuner, 821 
u¡t raster generator, 640 
ultroson h, rOnfrnl rwreivPr 877 
ultrasonic control tester, 833 

885 



Television, ultrasonic remote control, 409 
video i-f amplifier, 286 
weather satellite, 582 
wideband video amplifier, 641 

Television camera, 31.5-kc sweep oscillator, 736 
15,000-v uvicon supply, 736 
aperture correcting circuit, 735 
generator- modulator, 734 
highlight equalizer, 738 
r-f modulator, 736 
slow- scan airborne, 735 
sync distributor, 737 
uvicon preamp, 734 
video gain control, 737 
vidicon sensitivity control, 737 

Temperature, automatic compensation, 380 
resistance-triggered alarm, 7 

Temperature coefficient measurement, power 
supply, 614 

Temperature compensation, 5-Mc flip-flop, 236 
¡unction diode, 595 

Temperature control, 1,000- cps phase-shift 
oscillator, 310 

1.1-Mc tunnel-diode sensing oscillator, 761 
0.01°C differential, 757 
body-temperature sensor, 758 
compensated resistance- thermometer, 761 
compensating bridge, 757 
crystal oven, 757, 759 
dual- output, 760 
fast- response, 762 
germanium-diode sensor, 757, 758, 763 
heat sink, 760 
high- accuracy, 761 
hybrid tube- transistor, 756 
liquid bath to 0.01°C, 763 
low- hysteresis d-c level detector, 762 
mercury thermostat and scr, 756 
mvbr modulator for scr power switch, 864 
mylar-capacitor td oscillator, 762 
negative- feedback Schmitt trigger, 755 
nuclear- resonance sensor, 760 
oven, 755 
photographic developer, 762 
photographic dryer, 487 
proportioning, 762 
road icing alarm, 758 
rocket gyro, 758 
rocket surface, 756, 757, 760 
shunt- regulated power supply, 600 
soldering iron, 473 
space probe, 763 
stratosphere balloon telemeter, 756 
thermoelectric cooler, 759 
transistor thermometer, 759 
transmitter for frozen food, 758 
zero- crossing sync for scr's, 136 

Temperature measurement, 90° - 105°F, 758 
transistor sensor, 759 

Temperature sensor, rate- of- rise, 1 
transistor, 757 

Test set, capacitance- tracking, 357 
Tester, 10-Mc computer circuits, 113 

1-gc noise- figure converter, 441 
0.5-v power supply, 596 
300-kw uhf tube, 776 
airborne mti, 682 
antenna radiation pattern, 802 
armature, 774 
auto engine, 66 
cable fault finder, 764, 769, 772 
cable propagation delay, 249 
cable wiring locator, 769, 770 
calibrating a-c meters to standard cell, 781 
capacitor and insulation leakage, 782 
capacitors in circuits, 88 
component waveforms, 773 
computer memory shmoo curve plotter, 432 
conductivity, 781 
contacts under vibration, 779 
counter, 527 
c-w receiver calibration oscillator, 676 
d-c amplifier for a-c meter calibration, 107 
d-c level-shifting, 768 
decade counter, 517 
decimal counter, 427 
detecting momentary opens during vibration, 781 
dial telephone, 781 
dielectric strength, 775 
diode, 767 
eddy- current crack and void detection, 367, 370 
electro-explosive devices, 777, 780 
fet adapter for curve tracer, 764 
germanium diode leakage, 782 
go-no-go vtvm, 858 
harness, 765 
hi- pot, 771 
high-power modulator tubes, 765 
high-speed digital computer, 110, 681 
in-flight missile, 727 
instrument servo cycling, 662 
insulation resistance, 772 
invisible flaws in wire, 772 
ionospheric sounding pulse receiver, 677 
keyed d-c or tone signal generator, 434 
lamp circuit, 769, 779 
linear integrated- circuit, 295, 303, 604 
magnetic core, 525, 767 
magnetic tape, 779 
meter and transistor regulated 30-v supply, 775 
movie camera frame rate, 485 
movie projector frame rate, 485 
nine-bit generator for digital systems, 526 
nor logic, 348 
nuclear explosion alarm system, 682 

Tester, overtone crystal bridge, 83 
overtone quartz crystal, 776 
parallel-path continuity, 780 
parametric amplifier, 766 
phase detector, 265 
production transistor, 779 
pulse- type power transistor, 768, 770 
rodar with ignitron crowbar, 765 
radar target simulator, 680, 683 
regulated power supply, 614 
relay, 780 
relay contact chatter, 774 
resistance go- no-go, 733 
resistor, 808 
saturated transistor, 813 
scr turnoff, 778 
servo swept signal generator, 676 
short-circuit alarm, 4 
spin-system inductive-telemetry, 768, 771 
squib simulator, 681 
stepper motor, 777, 778 
stepping switch pulser, 530 
stereo f-m multiplex receiver, 690 
superconducting contacts, 778 
switching diode, 777 
switching time of and gate, 300 
tape recorder flutter, 360 
thermocouple, 768 
time-shared computer, 122 
transistor, 770 
transistor 200-Mc noise figure, 441 
transistor with audio indicator, 774 
transistor beta, 358, 774 
transistor beta display, 93 
transistor circuit, 493, 507 
transistor conversion gain, 358 
transistor curve tracer, 688 
transistor and diode curve tracer, 770 
transistor frequency response, 232 
transistor h-fe at 100 Mc, 782 
transistor with lamp indicator, 774 
transistor leakage, 195, 770 
transistor noise figure, 439, 779 
transistor power gain, 362, 782 
transistor tv mixer, 771 
tube life- test pulser, 773 
tunnel diode, 373, 374, 700, 766, 771, 781 
tunnel-diode switching- time, 766 
tv vhf transistor, 769 
two- channel tachometer, 771 
ultrasonic reactor- slug cladding nonbond, 830 
ultrasonic remote controls, 833 
underwater mines, 831, 832 
vif amplifier and servo, 636 
voltage go- no-go, 812 
voltage limit monitor, 858 

Thermistor, crystal oven control, 759 
sawtooth circuit, 636 
servo control, 648, 656 
temperature control, 755 

Thermistor bridge, temperature control, 762 
Thermocouple, amplifier, 366 

calibrating a-c meters to standard cell, 781 
test set, 768 

Thermocouple gage, regulated power supply, 606 
Thermcelectric cooler, temperature control, 759 
Thermometer, resistance- bridge, 761 

transistor, 759 
Thermostat, scr, 757 

(See also Temperature control) 
Thickness measurement, coating, 362, 365 
Thin film, logic, 349 
memory current driver, 124 
memory sense amplifier, 124 
toggling logic, 340 

Threshold circuit, analog-digital converter, 32 
balanced variable, 441 
balanced variabie a-f, 446 

Threshold detector, ultrasonic remote control, 829 
Thyratron, 360-kw switching circuit, 707 

pulser, 493 
solid-state, 726 

Tick-tack-toe, logic gates, 337 
Time amplifier, pulse width stretcher, 268 
Time base, wide-range linear bootstrap, 634 
Time-base generator, missile fuze, Ill 
Time delay, photoelectric, 484 
Time delay (See also Delay) 
Timer, 200-Mc gate, 269 

500-Mc scaler control, 164 
1-pps gate- opening, 69 
400-pps cold-cathode, 157 
0.1 to 50- sec low-cost fet, 787 
0.1 sec to 2 hr for data- recording camera, 486 
0.3-6 sec variable-duty-cycle recycling, 789 
1- sec scs controls 1 amp, 788 
1-400 sec thyratron, 785 
1-5 sec one-shot mvbr, 784 
2 sec- 10 ,,sin, 298 
5-10 sec low-cost intervalometer, 791 
10- sec scs, 787 
13- sec, 791 
15 sec-2 min thermal, 422 
30 sec-350 hr delay, 188 
4- hour, 813 
8-to- 1 frequency-dividing for 80-Mc oscillator, 

244 
a-c zero locator, 783 
adjustable- interval, 790 
adjustable saturable- reactor, 784 
basic hybrid ujt-pnp, 784 
basic thyratron, 785 
bootstrap, 488 
camera flash, 228 
cement- setting, 359 

Timer, clock oscillator, Ill 
clock output driver, Ill 
constant-current generator, 787 
current-mode switch, 790 
dual- polarity start-stop control, 790 
electronic camera shutter, 485 
fencing foil touch, 785 
let monostable mvbr, 785 
five-function weld programming, 864 
five-thyratron resistance welder sequence 

control, 860 
four-function welding control, 861 
free- running dual-output, 788 
hall acoustic measurement, 787 
linear- scale fet, 786 
magnification- compensating darkroom, 487 
nuclear particle flight, 783 
operational trigger, 813 
photographic exposure with relay chatter 

suppression, 488 
photomultiplier for enlarger, 486 
precision weld interval, 863 
print contrast and density, 490 
pulse-stretching, 541 
radar, 550 
random interval, 789, 791 
recorder- controlling, 786 
relaxation, 329 
relay contact chatter, 774 
relay dropout, 188 
repeat- cycle, 784 
resistance welding gun control, 859 
retina welder, 391 
ring counter, 113 
scs pulse-stretching, 544 
sonar, 204 
stalled servo motor protection, 657 
switching sequence, 710 
teleprinter character- counting, 787 
tool running-time, 785 
transient- immune with wide dynamic range, 784 
transistor-controlled motor, 790 
transistor start- stop control, 786 
tv image photography, 489 
u¡t, 787 
ujt-npn basic hybrid, 789 
ujt-relay interval, 788 
ultrasonic sing-around transmitter, 834 
valve closure, 784 
variable-delay relay, 180 
variable-program camera, 488 
vhf counter, 788 
watch, 790 
weld- heat program, 860 
(See also Counter; Delay) 

Timing, automotive automatic advance, 65 
Timing signal, modification for low-cost tape 

recorder, 716 
Timing signal playback, magnetic tape recorder, 

586 
Toggling circuit, thin-film, 340 

thin-film with transistor, 349 
Tone control, fet, 50 
Tone- operated calling, citizens band, 572 
Tonometer, crystal oscillator, 392 

electronic, 378 
Touch control switch, body-capacitance, 85 
Tracer, tunnel diode curves, 771 
Tracking, telescope servo, 662 
Tracking system, missile, 430 
Train generator, eight- pulse, 142 
Trainer, sonar, 832 
Transceiver, 809.11-kc clock oscillator, 112 

920- channel crystal- controlled mobile radio, 792 
3,500- channel frequency synthesizer, 242 
CB 5-w overlay-transistor, 795 
CB class- B, 794 
CB class- C, 794 
CB with electromechanical filter, 792 
CB with noise squelch, 795 
CB squelch, 794 
CB three- transistor, 793 
CB tone-pulse decoder, 795 
CB transmitter without relay, 794 
divide- by-5 counter for frequency synthesizer, 

240 
infrared, 290 
noise- actuated avc, 793 
single tunnel-diode, 793 
(See also Receiver; Transmitter) 

Transducer, beam switching, 705 
electro-optic, 415 
frequency-to- voltage, 146 
parallel-mode scanner, 649 
scanner, 643 
stress-sensitive integrated-circuit, 301 
temperature using transistor base-emitter 

voltage, 756 
voltage-resistance converter, 84 

Transducer drive, constant-current, 168 
Transfluxor, 1- Mc oscillator, 526 

analog-digital converter, 30, 34 
Transformer, 6-v reguiating, 613 

broadband impedance, 14 
saturable-core frequency septupler, 258 

Transient suppression, scr latch, 328 
Transistor, fet pinchoff measurement, 369 

measuring alpha cutoff, 375 
measuring forward- current transfer ratio, 360 
measuring noise figure at 200 Mc, 444 
measuring open-circuit output admittance, 361 
measuring power gain, 362 
measuring reverse- voltage transfer ratio, 371 
measuring short-circuit input resistance, 360 
measuring thermal constants, 359 
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Transistor, saturation tester, 813 
Translator, infrared width gage, 294 
Transmission line, d-c coupled driver- receiver, 133 
Transmission- line feedback, pentode trigger, 809 
Transmitter, 2-kc magnetic induction field, 376 

9-kc oscillator stabilizer, 799 
21-kc ultrasonic, 831 
22-kc sonar, 835 
60-kc ultrasonic mine-testing, 832 
460-kc f-m wireless microphone, 800 
500 kc and 8.326-Mc distress, 79 
670-kc crystal- controlled low- power a- m, 799 
1.686-Mc high- altitude balloon, 76 
2-50 Mc crystal, 802 
2.185-Mc marine band, 805 
2.2-Mc radar power output stage, 548 
27-Mc CB transformer- coupled collector-

modulated, 397 
Transmitter, 27-Mc eight-command remote control, 

620 
27-Mc remote-event, 803 
27.12-Mc retina welding, 379 
27.255-Mc ujt-td remote control, 618 
37.7-Mc eeg signal, 388 
50-Mc 1-w a- m, 802 
50-Mc 10-w, 797 
50 Mc at 40 w, 805 
50-250 Mc tunnel- diode, 824 
54-Mc low-power telemetry, 733 
73.5-Mc self- modulated crystal, 806 
80-160 Mc standard output doubler, 796 
92-Mc f- m, 732 
96-110 Mc f-m wireless microphone, 800 
100-Mc telemetry link, 729 
150-Mc telemetry, 731 
160-Mc 15-w power amplifier, 255 
160-Mc 15-w three-transistor power amplifier, 803 
162-180 Mc narrowband, 806 
170-Mc 1-w, 797 
175-Mc f-m mobile amplifier, 796 
220-260 Mc beacon, 77 
223-Mc telemetry, 800 
243-Mc aircraft crash beacon, 80 
60-mw telemetry, 730 
2-w parallel-transistor output, 804 
2 w parallel- transistor output with emitter 

tuning, 798 
2-w push-pull output, 804 
4-w emergency, 78 
30-w pulsed ultrasonic, 837 
10- meter ssb exciter, 798 
80- meter amateur vfo c- w, 799 
afc for mobile color tv pickup, 750 
avalanche warning, 2 
beacon pulse modulator, 80 
CB, 795 
CB class- C, 794 
CB without relay, 794 
CB three- transistor, 793 
damped voice-operated, 801 
duty-cycle limiter for pulse modulation, 332 
electroluminescent display, 205 
extending transistor frequency, 797 
f- m, f-m telemetry, 725 
f-m one-transistor, 803 
f-m wireless mike, 802, 803 
frozen-food temperature, 758 
heartbeat telemetry, 377 
infrared tv, 293 
lunar probe, 727 
minimum- jitter pulsed ultrasonic, 835 
modulation percentage monitor, 416 
muscle- potential induction, 391 
phase-shift keyer, 805 
power- line carrier- current for h, remote control, 

620 
pulsed X- band magnetron radar, 556 
push-pull lattice- filter output, 803 
push-push doubler, 804 
radiation satellite, 728 
radiosonde, 726 
remote control toy, 617 
r-f monitor, 362 
satellite video recorder, 582 
selective paging, 801 
servo- tuned, 643 
stepped frequency exciter, 804 
stereo multiplex a-f amplifier, 690 
stereo multiplex oscillator, 692 
stereo multiplex subcarrier generator, 695 
stereo phase modulator, 693 
suppressed- carrier, 801 
target drone control, 615 
temperature telemeter, 756 
tone-modulated telemetry, 618 
tripler-doubler for 700-1,200 Mc, 262 
tropospheric scatter fading control, 192 
ultrasonic velocity measurement, 825 
(See also Frequency modulation; Radar; Remote 

control; Telemetry; Television; Transceiver; 
Ultrasonics) 

Transponder, missile, 548 
signal- powered, 80 

Trap, f-m weals- signal capture, 250 
Traveling-wave tube, fail-safe filament regulator, 

506 
modulator, 398, 403 

Triac, motor control, 412 
Triac-Diac, reversing a-c motor control, 411 
Triangular- sine converter, fet, 542 

10-cps to 20-kc voltage- controlled positive or 
negative, 633 

Trigger, 0-500 kc Schmitt, 819 
3-kc ser, 426 
7-kc Schmitt, 371 

Trigger, 25-kc, 808 
100-kc counter, 155 
100-kc Schmitt, 818 
0-1 Mc Schmitt, 818 
10-Mc Schmitt square-wave generator, 818 
40-na current- sensing, 815 
1-amp pnpn pulse generator, 813 
0.2-300 sec Schmitt, 483 
acoustic timer, 787 
adjustable-prr blocking- oscillator, 814 
adjustable Schmitt, 814 
analog-computer overvoltage, 5 
any input pulse shape, 819 
astable mvbr, 434 
automatic ignition control, 65 
basic pnpn memory, 815 
battery- operated cro, 94 
binary ramp-generator control, 306 
cathode-coupled mvbr, 419 
closed- ring counter, 624 
cold-cathode ring counter, 157 
conventional Schmitt, 817 
cro, 697 
cro sweep, 89 
crystal lapping control, 249 
decade decimal counter, 814 
delayed, 812 
delta- sigma modulator, 393 
diode bridge drive, 820 
diode-coupled Schmitt, 811 
diode- modified Schmitt, 815 
diode- protected modified Schmitt, 819 
dual- pulse, 807 
eeg waveform zero detector, 383 
encoder limit, 791 
fast- recovery flip-flop, 817 
flip-flop, 815 
flip-flop steering circuit, 813, 819 
f-m f- m telemetry frequency divider, 243 
four- stage pnpn binary counter, 814 
generator, 538 
half- sinusoid pulse generator, 812 
high- voltage pulse generator, 587 
with hybrid gate, 818 
integrated- circuit Schmitt, 300 
low-cost Schmitt, 810, 820 
low- hysteresis differential amplifier, 819 
low-level threshold detector, 816 
low-output- impedance Schmitt, 809 
magnetoresistor bridge, 84 
memory-core, 126 
missing- pulse detector, 6 
modified Schmitt frequency quintupler, 260 
motor control, 406, 412 
multiple- input Schmitt, 817 
noise- immune scr without pulse-forming 

network, 809 
noncutoff Schmitt, 811 
operational, 770, 807, 808, 813 
operational hi- pot, 771 
operational liquid- level control, 136 
operational temperature- control, 762 
operational voltage- monitoring, 812 
photoflash, 136 
pnp plus npn, 809 
pnpn flip-flop, 811 
pnpn one-shot, 809 
pnpn power flip-flop, 820 
pnpn ring counter, 820 
pnpn shift register, 819 
polarity-sensitive, 632 
pulse, 336 
pulse- reshaping Schmitt, 394 
pulse sampler, 92 
pulse width, 539 
push-pull six-transistor relay, 705 
random- pulse, 813 
regenerative switching, 812 
retina welder pulse- shaping, 381 
Schmitt, 425, 506, 534, 700, 810, 820 
Schmitt adf phasemeter, 465 
Schmitt combined with mono mvbr, 814 
Schmitt counting for buttons, 148 
Schmitt with delay, 417 
Schmitt double-triode, 717 
Schmitt f-m stereo signal generator, 690 
Schmitt high- impedance, 812 
Schmitt ionospheric sounder simulator, 684 
Schmitt leakage- testing, 782 
Schmitt odd-even logic, 346 
Schmitt with operational amplifier, 807 
Schmitt phase-difference, 808 
Schmitt pulse-width modulation, 303 
Schmitt quad- block, 304 
Schmitt in sawtooth generator, 636 
Schmitt scr, 810 
Schmitt signal analyzer, 536 
Schmitt sine to square wave, 629 
Schmitt substitute, 807 
scr-ignitron, 809 
secondary- emission pentode, 809-811 
secondary- emission pentode variable-sensitivity, 

811 
sense amplifier. 812 
sensitive a-c power switch, 709 
sensitive d-c power switch, 710 
series Schmitt, 810 
simplified full- wave 14t-scr, 817 
simplified ujt-scr, 820 
sing-around ultrasonic transmitter, 826 
single 50.000-amp current pulse, 170 
slicer, 202 
sound pulse, 833 
with speed- boosting trigger amplifier . 814 
stepped-sweep Schmitt, 685 

Trigger, strobe pulse, 96 
stroboscope scr, 225 
synchronizing to 3.3- Mc clock, 113 
teaching-machine reward dispenser, 272 
time-delayed Schmitt, 136 
time- recording, 625 
transient- rejecting scr, 818 
transient- suppressing, 816 
transistorized for 50-kc counter, 155 
tunnel-diode, 117 
tunnel-diode pulser, 249 
ujt, 425, 608 
ujtztriac phase control, 816 
valve closure measurement, 784 
Van de Graaff accelerator, 512 
variable- hysteresis Schmitt, 813 
variable negative-feedback Schmitt, 755 
variable-program camera timer, 488 
variable Schmitt, 119 
voltage- level, 808 
voltage- sensing, 810, 816 
zero- hysteresis Schmitt, 815 

Trigger control, scr, 83 
Trigger generator, 20-kc, 817 
Tripler, SOS beacon frequency, 78 

(See also Frequency multiplier) 
Troposcatter, out-of-baseband logarithmic noise 

amplifier, 440 
Troposcatter receiver, level control, 576 
Truth table, script recognition, 336 
Tube aging, vtvm compensator, 857 
Tuner, 35- Mc reactance- tube, 466 
60-90 Mc voltage-tuned, 18 
1,000-Mc npn oscillator, 824 
3- transistor uhf, 821 
a-m/f-m three-transistor portable, 574 
automatic stereo f-m switch, 689 
capacitively tuned tunnel-diode, 823 
current-tuned uhf, 822 
electronically variable capacitance, 88 
fet f-m stereo, 691 
fet uhf tv, 823 
f-m afc, 822 
f-m stereo multiplex, 253 
Improved codon, 812 
low-cost single-chip f- m, 254 
low- noise uhf tv, 823 
mesa- transistor tv, 745 
mesa- transistor tv oscillator, 740 
pin diode in stereo f- m, 695 
Q multiplier, 141 
remote-control transmitter, 824 
rotary-axial ferrite- cup, 822 
servo-driven, 643 
signal- seeking auto radio, 824 
three-transistor vhf tv, 821 
transit- time diode uhf/shf, 821 
tunnel- diode uhf, 823 
tv diode mixer, 746 
two-chip f-m, 250 
uhf tv, 823 

Tuner (See olio Receiver; Television; Transceiver) 
Tuning, 500-kc i-f transformer delay- line, 282 

automatic color tv, 751 
automatic fringe tv, 746 
automatic local-fringe tv, 739 
voltage- controlled ferroelectric capacitor, 462, 

676, 822 
Tuning fork, 400- cps inverter, 324 
Tuning-fork filter, adjustable, 218 
Tunnel diode, curve- tracer, 94 

measuring d-c parameters, 373 
measuring negative resistance, 374 

Typewriter control, neutron diffractometer, 559 

Ultrasonic control, motor, 409 
Ultrasonics, 13-kc responder for blind, 832 

delay line drive, 462 
19.5-kc sonar f-m demodulator, 831 
19.5-kc sonar f-m modulator, 835 
20-40 kc generator, 830 
22-kc sonar receiver, 828 
22-kc sonar transmitter, 835 
25-kc 100-w generator, 835 
60-kc hydrophone receiver, 831 
60-kc mine-testing transmitter, 832 
85-kc transmitter, 837 
250-kc broadband preamp, 833 
fet hydrophone preamp, 828 
fish finder, 836 
magnetostriction tv remote control, 830 
magnetostrictive delay line amplifier, 836 
neurosurgery oscillator, 386 
prf multiplier, 836 
reactor- slug flaw detector, 830 
remote control tester, 833 
remote tv volume control, 829 
sing-around cycle counter and timer, 834 
sing-around transmitter, 825 
sing-around transmitter trigger, 826 
sonar audio selection gate, 827 
sonar bearing indicator, 829 
sonar peak-amplitude detector, 832 
sonar pulse generator, 833 
thyratron-switch transmitter, 835 
trf receiver, 837 
tv control receiver, 827 
tv remote-control time- constant detector, 619 
undersea propagation gate generators, 834 
undersea propagation receiver, 826 
undersea propagation transmitter, 829 
water depth receiver, 825, 831 
zero- crossing synchronizer, 828 

Ultraviolet, portable inverter supply. 321 
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Ultraviolet telescope, preamp, 734 
Uniyibrator, trigger-controlled, 520 
Uvicon, camera preamp, 734 

Vacuum-gage heater, 240-v regulated power 
supply, 606 

Vacuum-tube voltmeter, balanced, 857 
distortion- monitor drive amplifier, 27 
hybrid tube- transistor, 857 
infinite- impedance differential, 853 
peak, 850 
radar speed meter, 545 
three-lamp go- no-go, 858 
transistor- protecting preamp, 854, 856 
(See also Voltmeter) 

Valve, measuring closure time, 784 
Varactor, 50-200 Mc quadrupler, 260, 263 

50-400 Mc quadrupler, 257 
500-4,000 Mc octupler, 261 
frequency quadrupler, 259 
parametric- amplifier-controlled, 576 
r-f amplifier, 571 
vco frequency synthesizer, 242 

Varactor triplet, emergency transmitter, 78 
Varicap, 5.5-Mc gate, 276 
•Variolosser, audio age, 58 
Voristor, nonlinear-feedback amplifier, 14 

output stage protection, 575 
Varistor control, voltage-tuned oscillator, 465 
Vco, hold-sample-hold phase detector, 472 
Vehicle ( se. Automotive electronics) 
Velocimeter, deep- ocean, 370, 371 
Vibrating capacitor, preamplifier, 497 
Vibration, momentary-open indicator, 781 
Vibration testing, contacts, 779 
Video, 3.2 kc-32 Mc amplifier, 838 

50-Mc diffused- base amplifier, 841 
100-Mc-bandwidth amplifier, 840 
analog-digital converter for cctv microscope, 32 
analog-digital converter sampling amplifier, 628 
cascaded shunt-peaked amplifier, 838 
common-plate mixer, 844, 846 
compression amplifier, 848 
constant- level switching, 744, 752, 753 
cutoff- biased triple- input mixer, 840 
dual-grid pentode mixer, 848 
dual-triode range strobe mixer, 842 
five- input marker mixer, 845 
four- input high-level pulse mixer, 846 
four- trigger mixer, 845 
i-f amplifier, 286 
marker- if mixer, 842 
nonadditive common-plate mixer, 844 
nonadditive mixer- limiter, 848 
one-transistor tv amplifier, 742 
partial- adding mixer, 841 
pentode common-plate mixer, 842 
pentode mixer, 846 
preamplifier, 843, 844, 846 
preferred beam-power driver, 839 
preferred common-cathode mixer, 849 
preferred intermediate- level amplifier, 843 
preferred low-level common-plate mixer, 843 
preferred low- level- pulse cathode follower, 847 
preferred radar amplifier chain, 839 
preferred triode driver, 847 
push-pull clipper, 840 
radar and beacon mixer, 849 
radar beacon pulse amplifier, 513, 514 
radar unblanking switch, 553 
range strobe marker-iff mixer, 849 
shunt-peaked transistor amplifier, 846 
three-iff mixer, 847 
three- input mixer, 845 
three- input two- output mixer, 843 
three- input two-pentode mixer, 849 
three- pentode mixer, 845 
triode common-plate mixer, 848 
two- input mixer, 848 
two- input three-output mixer, 847 

Video, two-pentode mixer, 849 
two-pentode radar and if mixer, 849 
two- stage solid-state tv, 741 
two- stage wideband amplifier, 844 
voltage- controlled gain, 847 
(See also Amplifier; Receiver; Television camera; 

Television, b- w; Television, color) 
Video amplifier, automatic gain control, 737 

preferred high-level, 842 
preferred intermediate- level, 842 
preferred low-level, 839 
preferred pulse emitter-follower, 846 

Video detector, preferred pulse-modulated, 841 
Video limiter, preferred, 332 
Video microplan;meter, bone disease detector, 382 
Video processor, display, 330 
Video recorder, preamp, 715 
Video recording, playback color- burst regenerator, 

748 
Video screening, nuclear track scanner, 639 
Video selector, positive- going signals, 119 
Voice (see Audio, 
Voltage comparator, bilateral- transistor, 119 

differential, 117 
fet, 33 
go- no-go, 119 

Voltage control, a-c line voltage, 596 
battery charger, 74 
pulse generator, 780 
radar bandwidth filter, 498 
saturable- core, 134 
stepped power supply, 596 
telephone system, 5 
transistor overload protection, 507, 508 
(See also Regulated power supply) 

Voltage- controlled oscillator, divide- by-5 ring 
counter, 240 

frequency synthesizer, 242 
Voltage detector, nanoampere sensing, 364 
Voltage display, bar graphs on cctv, 206 
Voltage measurement, 95-135 y a-c, 855 

high- impedance source, 174 
line dip, 329 
line- dip counter, 858 
sensing trigger, 816 
(See also Voltmeter) 

Voltage multiplier, probability analog, 416 
triangle analog, 416 

Voltage regulator, 50-2,000 cps a-c, 589, 593 
6-v transformer-type, 613 
100-v a-c reference, 855 
a-c line, 598 
chopper type, 105 
d-c/d-c converter, 138 
four constant-current diodes, 588 
neon crt bias, 99 
overload protection, 331 
short- circuit-protected, 510, 594 
signal amplifier, 22 
zener-coupled, 594 

voltage sensor, imput signal dropout, 7 
multiple- input, 4 
power line, 501 
ses alarm, 5 

Voltage stabilizer, high-gain amplifier, 18 
Voltage- variable capacitance, test set, 357 
Voltmeter, 1 meg/v differential fet, 857 
1 meg/v fet, 855 
20 meg/v, 854 
20 meg/v fet-pnp d- c, 851 
calibrator for digital, 31 
digital, 35 
direct- coupled amplifier, 854 
dual- range d- c, 852 
ergmeter peak holding, 370 
fet d-c millivoltmeter, 853 
five- transistor d- c, 857 
flip-flop peak, 857 
high-stability differential, 852 
hybrid tube-transistor, 857 
infinite- impedance differential, 853 

Voltmeter, measuring peak a-c spot-welding 
current, 859 

neurosurgery vacuum-tube, 392 
peak, 850 
peak pulse indicator, 852 
peak-reading a-c operated, 858 
peak- sensing operational amplifier, 855 
peak- voltage memory for 0-10 cps, 856 
photocell chopper, 858 
power-frequency harmonics, 852 
precision a-c, 855 
ratio, 854 
r- f, 851 
self- balancing slide- back peak, 367 
three- lamp go- no-go, 858 
vacuum- tube, 857 
voltage limit monitor, 858 
(See also Vacuum-tube voltmeter; Voltage 
measurement) 

Volume control, remote tv, 829 
Vswr, measurement, 357 

Watch, timer, 790 
Waveform, time- sample detector, 773 
Waveform generator, triangular, 635 
Wavemeter, tunnel- diode oscillator, 449 
Weighting circuit, current, 33 
Welder, 45- kw r-f brazing pulse control, 862 

battery charging control, 74 
current- slope control, 863 
five-function timer, 864 
five-thyratron sequence timer, 860 
four- function timer, 861 
heat program timer, 860 
load- sharing flip-flop control for ignitrons, 862 
measuring spot-welding current, 859 
mvbr modulator for scr power switch, 864 
photoelectric shutoff control, 863 
precise control for metal foils, 861 
precision interval timer, 863 
retina, 379 
temperature control, 864 
thin-foil, 862 
thyratron timer control for high-speed resistance 

welding gun, 859 
Welder control, retina, 381 
Welder timer, retina, 391 
Wheatstone bridge (see Bridge) 
White follower, low- noise fet audio output, 53 
Wien bridge, rejection filter, 222 
Wien-bridge oscillator, plate-cathode follower 

drive, 27 
Wire, controlling extrusion of plastic insulation, 87 
eddy-current flaw detector, 772 
enamel thickness monitor, 87 
thickness gage, 363 

Wireless microphone, 460-kc f-m receiver, 571 
460- he f-m transmitter, 800 
96-110 Mc, 800 
f- m, 802, 803 
f-m one- transistor, 803 

Wiring, short-circuit alarm, 4 
Wobbulator, paging transmitter, 801 
Wow, measurement, 716 
WWV, clock calibrator, 112 

clock check, Ill 
clock-controlling servo, 111 
comparison lock-in amplifier, 568 

X-ray, high- voltage tube pulser, 381 

Zener clamp, pulse generator, 519 
Zener reference, 6-v, 591 

temperature-compensated, 613 
Zero-crossing detector, heart sounds, 278 

sine- wave, 538 
Zero-crossing synchronizer, temperature-controlled 

scr's, 136 
Zero locator, interval timer, 783 
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