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Figure 1. Panel view of the Type 1 1 36-A Digital-to-Analog Converter. 

H G H-SPEE D DIGITA L-TO-ANALOG CO NVERTE R  

WITH STO RAGE 

The conversion of digital data to 

analog form provides both a convenient 

method of presentation and a permanent 

record. The analog output can be dis

played on a graphic recorder, and when

ever the input data changes continuously 

as a function of some other parameter, 

such as time, temperature, humidity, 

pressure, etc., the record permits imme

diate evaluation. A typical application 

is shown in Figure 2, where the fre

quency of a 5-Mc crystal is plotted as a 

function of temperature. 

Although the analog output may have 

no better than 0.1 % accuracy, this is 

quite sufficient for incremental measure

ment . If the analog output is formed 

by 3 digits, the minimum increment is 

0. 1 %. By choice of the appropriate 

3 digits of the input, the analog sy tern 

interpolates between the next signifi

cant units of the input data. This is 

illustrated by the example of Figure 2. 

When the analog output is formed 

from the last 3 digits of an 8-digit 
counter indicating tenths of cycles per 

second, the total span of the analog 

output is 100.0 cps even though the 

counter may be measuring a 5-Mc fre

quency. The 0.1 % accuracy of the ana-

log output, therefore, is equivalent to 

0.1 cps out of the total input, and no 

accura y is lost. The first 5 digits of the 

counter remain constant. When these 

are of any interest they can be read 

from the counter's visual display and 

recorded manually. The analog output 

interpolates between 4,998,400.0 cps as 

analog 0 and 4, 998,499. 9 as analog 999. 

Should the data exceed 4,998,499.9, the 

analog output will "automatically" shift 

its 0 to be 4,998,500.0 and the new full 

scale would be 4,998,599.9. Since the 

analog is formed from the last three 

digits, it is not affected by the digits 

further to the left. This permits high 

incremental en itivity without danger 

of full-scale curren being exceeded. 

� 4998450.0 
I 
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u i '4998440.0 ! 
"' !:' 

4998430.0 

4998420.00 10 
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TEMPERATURE IN DEGREES CENTIGRADE 00 

figure 2. Frequency-vs-temperature characteristic of 
5-Mc crystal. Full scale for analog curve wa� 100 cps, 
each minor division 1 cps. Only the significant part 
of the analog record (from 4998420.0 to 4998460.0) 

is reproduced here. Gate time was 10 seconds. 
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G EN E R AL R A D I O  EXP E R IM ENT E R  

INHIBIT ELECTRONIC WEIGHTING 

AMPLIFIERS GATES LATCHING SWITCHES RESISTORS 

INPUT FROM 
FIRST (IOO'S) 
DECADE 

DIGITAL 
S TATE 1-1-1-1=9 

INPUT FROM 
SECOND (IO'Sl 
DECADE 

DIGITAL 
STATE 
1-0-1-0•5 

INPUT FROM 
THIRD !I'S) 
DECADE 

DIGITAL 
STATE 
1-1-1-0=7 

STORAGE 
COMMAND 
PULSE 

A R the advan ages of analog re-

cording have long b n r ognized, and 

the TYPE 1134-A Digital-to-Analog Con

verter1 ha be n available as a compan

ion in trument to the TYP , 1 130-A 
Digital Tim and Frequen ·y 1.Vleter. 2 

The n ed for torag of the digital data 

h be n di cu d2 previou ly. t rag 

facilitie are built into the TYPE 1 130 
cotmter. The introduction of n w digital 

instrument wi bout storage has made 

it d irabl to provide a n w D-A con

verter with If-contain d t rag . 

The new TYPE 1136-A Digital-to

.Analog on v rt.er has 3-dccade BCD in

put, fa t transfer in o torag , and 0.1 0 
ov r-a11 ccuracy. Input data with 
1-2-4-2 or 1-2-2--1- weighting is aceep1 ed; 

J-2--1--8 'v ight ing r quir a minor modi

fication; 10-line decimal input i accepted 
when an a<'f'C'ssory, the TYPE l 13G-PJ 
Diode Iatrix and 'able, i.· u.,ed. Binary 

75Kfi 

SET FULL SCALE 

150K.fl OUTPUT 

I 65Mil 

Figure 3. S im plifled 
schema tic o f  the con 

verter circu it. 

RECORDER 

"l" input mu t be at lea t 6 v po it1ve 

with respect to binary "O". The a tual 

voltage may be up o + 150 v from 

ground. laximum onv r 10n rat 1 
over 10 kc. 

Up to 9 decades of 4 -line BCD can be 

connected to the input, and a selector 

swi1 ch perm.it selection of any adja ent 

3 or the la 2 to form the output. Illu

minated indica or show which decades 
are elected. 

Principle of Operation 

Figure 3 is a implified chema i · 

diagram . Th input data is appl ied to 

the amplifier Ai . . . A i2. The gate 
G1 . . .  G12 are normally clo ed , and th 

input ha no effe on the output 

1 IL P. Stratemeyer, "Analog Output from the Digital 
Count r," General Radio Experimenter (35, 10), October, 
1!)61. 
2 H. \l\'. Frank and 11. T . .  IcAlecr, "A Frequency Counter 
with u. l\lemory a11d with Built-In Reliability," General 
Radio E.J;perimenter (35, 5), i\lay, 1961. 
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switche (standardizers) 81 . . . • 12. 

These electronic switches are self-lat h
ing and erve as storage element for 
the input data. A storage-command 
pulse ( P) i applied o the pul e g n
erator (PG) and the gates G1 ... G12 are 
momentarily opened. Thi ran f r y -
tem doe not require any zero- t (clear) 
operation before n w data i entered into 
storage. i .. . 812 assume tat 
sponding to the input. Th P i gen
erated by the digital ource at the be
ginning of th "di p lay time." lVIo t 
counters provide a uitable pul output 
(print-command pul ) . The total tran -
fer time is ab ut 30 µsec. 81 . . . 812 
connect the weighting resistors to ground 
for binary 0 and to a pr ci e voltage E 
for binary "1". The analog output is the 
sum of all the current through R1 . . . R12. 
The 1 ma output i entially a 15 v 
swing b hind 15 kn. 

Accuracy - Linearity - Stability 

The impedance of the recorder does 
not affect the accuracy or the linearity 
of he output. The output matrix is 
shown in Figure 4. 

Examination how that, while the 
magnitude of I oi affected by G L, the rela

ive con ribution of each compon nt is 
independent of G L· The magnitud of £ o 

DECEM B E R ,  196 3 

can be adjusted for th r uir d full
ale value by adju ment of the supply 

voltage E. 
The linearity of he output is deter

mined by the a cura y of th weighting 
resi tors, the pre i ion of th electroni 
ou put switches, and the utput imp d
ance of the regulated pow r supply for E 
(see Figure 4) . 

The output switches are complem n
tary pairs of inverted tran i tor . The 
off et voltage (the a uration voltag ) is 
only 1 to 2 millivolt , and wh n E i over 
15 volt thi rror does no ex eed 0.02% 
of full scale. The variation f E as a 
function of the output current from the 
matrix i negligible. 

The stability of the ou pu i d ter
mined by the stabili y of the upply E, 
th w ighting resistor , and th offs t 
voltage. The largest con ribution i the 
t mperatur oefficient of th zener
r e f  e r e n c e  d i o d e  f o r  t h  s u p ply E 
( < 10 ppm/°C) and the t mp ratur in
fl u e n c  on th wei gh t i n g  re i tor s  
( < 10 ppm/0 referred to full cal ) . 

In addition to he e static rro:r here 
i a dynamic error as a fun ti on of tran -
f r rate. onsider the hange fr m 3 to 4 
in 1-2-2-4 weighted B D. Th "3" output 

onsi t of a binar "1" in the fir t bit 
and in the econd bit, i.e., 1 and 2 are 

Figu re 4. E qu iva len t  circuit of the ou tpu t ma tri x. 

G1 ... G12 are the conductances of th weight
ing resistors 

81 . • • 12 the standardizer switches 

E1 • • •  E12 the voltages applied to the weight
ing resistors (0 v for a binary "O", E for a 
binary "l ") 
G L is the conductanc of th record r 

E -
�(EnGn) 

0 
- T,Gn + GL 

. G 
�(EnGn) 

J o = E oG L = L T,Gn + G L 

E 

S2 Gz 
I 
I 
I 
I I 
I 

Sn I Gn 

-----<JEo 
lo 
GL (RECORDER) 
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GE NE R A L  RA D IO E X PE R IME NTE R  

9 

9 

9 

Figure Sa . P erfect ou tput. 

figure 5b. 54 turns on be 
fore 51 a nd 52 ar e o ff. 

Figure 5c. 54 turns o n  a fter 
51 a nd 52 have turned o ff. 

on.  To g t the " " output, the first and 
econd bit have o change to binary "O" 

and the third bit to binary "1". In the 

witching schematic this means that 81 
and 2 have to turn off and 83 must t urn 

on. Suppose that 83 turns on before 81 
and 82 are off: then, during this "over

la p" th output can be a high as 7, or, if 

Sa turn on after 81 and 82 have turned 
off the output can momentarily drop to 

zero . Figure 5 illustrates this effect. 

The use of fa t electronic switch keeps 
this time interval less than 1 µ c. In 

the wor t case this c.: n contribute an 
ou put error of .0001 % X conver ion 

rate (in cps) . The typical error is about 

three times le . In the wor t a , at a 
conver ion rate of 1 0,000 per cond 

this amount to 1 %. However, a re
corder with re pon e to 10 kc rarely has 

an accuracy of b tter than a f w per
cent, o tha this error can generally 

be neglected. 
- H. P. STRATEMEYER 

SPECIFICATIONS 
Da ta Inpu t: BCD weighted 1-2-4-2 or 1-2-2-4. 
Minor modification adapts for 1-2-4-8 input. 
Binary 1 at least 6 volts po itive with respect to 
binary O. Input impedance 50 kilohm . Bi
nary 0 can be offset from ground by ± 1 50 
volts. Switch selects any adjacent three or the 
last two digits of up to nine-decade input. 

Co nversion Rate :  Up to 10,000 conversions per 
second (controlled by digital-measuring instru
ment). 

O ver•a l l  Accura cy: ±0.l % of full scale (in
cludes repeatability, long-term stability, linear
ity, ± 10% line variation, and ± 15 C ambient
temperature variations around normal 25 C) 
± 0.000 1 % X conversion rate in cps. 
S torag e Tra nsfer : 50-µ ec tran fer time. 
S torag e Com mand Pu lse :  5 µsec, ±6 volts mini
mum into 10 kilohms, rise and fall times le s 
than 1 µ ec. 
O u tpu t: 1 milliampere with 15-kilohm source 
impedance, or 1 00 millivolts with 100-ohm 
source impedance. Negative side grounded if 
binary 0 or input not more than 20 volts from 

Type 

ground. Output floating if offset voltage larger 
than 20 volts. 
Load : 2000 ohms maximum for 1 milliampere 
output. 1000 ohms minimum for 100 millivolts 
output. 
L inearity: ±0.05% of full scale. 
Stabi l ity: ±0.02% for ± 10% line voltage; 
±0.003% of full cale per degree C. 

Acc essories Su ppl ied :  TYPE CAP-22 Power 
Cord, spare fuses. 
Acc essory Availa ble :  TYPE 1 1 36-Pl Cable with 
diode-matrix, required for use with 1 0-line 
decimal data from General Radio counters of 
the 1 1 50 series. 
Po wer Re qu irement s: 105 to 125 (or 2 10 to 250) 
volts, 50 to 400 cps, 7 watts. 

Ca binet: Rack-bench. 
Dime nsio ns: Bench model - width 1 9, height 
37'2, depth 1 2  inches (485 by 89 by 305 mm), 
over-all; rack model - panel 19 by 37'2 inches 
(485 by 89 mm), depth behind panel 1 1  inches 
(280 mm). 

Net Weig h t: 1 3  pounds (6 kg). 
Sh ipping Weig ht: 17 pounds (8 kg). 

Code Number Price 
1136-AM 
1136- AR 
1136-P l 

Dig i ta l - to - Ana l og Con verter, Bench Model 
D ig i ta l - to ·  Ana log Co nverter, Rack Model . . 
Diode Ma tri x a nd Ca bl e (for connection to 

1 1 36-980 1 
1136-981 1  

$650.00 
650.00 

TYPE 1 150-AP or 1 151-AP ounter) . . . . .  . 1136-960 1 160.00 

• 
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A sensitive, well-shielded detector 

system is a basic requirement in most 

audio- and radio-frequency measure

ments. Detector sensitivity determines 
the resolution in null-type bridge meas

urements as well as in the measurement 
of high values of attenuation. In both 

these measurements, adequate shielding 
is a primary factor in determining th 

ultimate accuracy. Detectors of this 
description have been available from 

General Radio for most of the spectrum 

up to 4000 k . The e are: 
(1) The TYPE 1232-A Tuned Amplifier 
and Null Detector - 20 cps to 20 kc, 

with continuous coverage, plus 50 kc 

and 100 kc, fixed. 
(2) The TYPE 1212-A Unit Null Detec
tor - 50 cps to 5 JVIc, untuned; 1 Mc, 

tuned, with the TYPE 1212-Pl 1-Mc 

Filter. 
(3) The TYPE DNT Detectors, which 

are heterodyne types, 40 to 4000 Mc. 

DECEM BE R , 196 3 

TWO NEW MIXE RS 

F O R  THE 

DETECTION OF 

RF SIGNA LS 

Now two new rf mixers fill the gaps 

below 40 Mc. They operate by the 

heterodyne method, with low-frequency 
detector units serving as i-f amplifiers. 

The heterodyne detector has a justly 
deserved preference over other types. 

It is currently the most convenient 
means of achieving high sensitivity, 

wide tuning range, and a high degree 

of harmonic rejection. It al o has a great 

dynamic range because its amplification 
is essentially linear over 85-db of input

signal variation. It di advantages are 
few, but the principal one hould be 
mentioned. In its simple form, no selec

tivity is provided in the signal input 

circuit, and so it can have ome spurious 

respon es from images and harmonics, 
which make i unsuitable for wa v analy-

i . In general, these are not trouble
some, and the addition of circuits to be 

tuned by the u er would complicate the 

operation. 

THE TYPE 1232-Pl RF MIXER 
The circuit of the TYPE 1232-Pl RF 

Mixer is shown in Figure 1. Included are 

a microammeter for setting the level 

of the local oscillator and a high-Q 

tuned transformer to exclude the local

oscillator signal from the Tuned Ampli

fier and Null Detector. 

Circuit elements are enclo d in an 

aluminum cylinder to which is appended, 

in a eparate compartment, the meter 

housing. In addition, double-braid co-

axial cable is u ed on all signal lead . 

·As a re ult, the mix r i complet ly 

@Lo 

INPUT� 

figu re 1. Sc hemati c d iagra m o f  the m i x er circui t. 
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G ENERA L RADIO EXP ERIMEN TER 

INPUT 

PAD (OPTIONAL) 

UNIT UN I T  
OSCILLATOR POWER SUPPLY 

LOCAL OSCI LLATOR 

figure 2. Blo ck d iag ra m  o f  co mplete d etecto r system 
u sing th e Type 1232-P l R F Mixer. 

shielded from rf fields, thus preventing 
spurious null-balance indications. 

In order to cover the range from 70 kc 
to 10 Mc, two i-f amplifier center
frequencies are required. One is 20 kc 
and is used to cover the range from 70 kc 
to 500 kc. Actually, he detector can be 
tuned continuously down to 25 kc, but 
sensitivity is reduced in this range, and 
spurious response are more trouble
some. Above 500 kc, the 20-kc frequency 
increment to which the local oscillator 
must be set is difficult to resolve, and the 
tuning is too critical. Therefore, above 
500 kc a switch is made to the 100-kc i-f ' 
circuit which is broader in bandwid h. 
The upper limit of 10 Mc wa cho en 
because above this frequency it becomes 
difficult to set the 100-kc increment, and, 
again, the tuning becomes too sharp, so 
that any frequency drift of he signal 

2.0 

L5 

� >- LO 
s:: 0.8 
;::: 0.7 

l , -l -
l\ 

,#' 
,1'7 

f.'1' 
II t1 

OPTIMUM 
CRYSTAL CURRENT 

-20 kc IF 

,, u 11 " 
L<a 

l l t I 
OPTIMlX-A 

CRYSTAL CURRENT 
100 k)IF 

source or the local oscillator becomes 
apparent. Also, above about 20 Mc, the 
local-oscillator tuning again becomes 
critical. Otherwise, however, the mixer 
performs perfectly well, at least as high 
as 60 Mc, and, with care, satisfactory 
results can be obtained. 

In practice the operation of the system 
is quite simple. Figure 2 is a block dia
gram of the complete detector system. 
The 20kc-100kc switch on the mixer is 
set to the desired frequency, and the 

orre ponding frequency is swi ched-in 
on the TYPE 1232-A Null Detector. 
The local-oscillator output is set to 
produce the required mixer meter indi
cation and the oscillator i then tuned 
to frequency by adjustment for maxi
mum ou put indication in the TYPE 
1232-A Tuned Amplifier and Null De
tector when an external signal is intro
duced. For maximum sensitivity in the 
frequency range below 150 kc, the crys
tal current mu t be et to a particular 
value, as shown in Figur 3. 

PERFORMANCE CHARACTERISTICS 

The significant performance charac
teristics of he mixer are given in Fig
ure 4 to 7. The linearity is shown as a 
function of input signal level in Fig-

-

300 

200 

100 � 
80 tz 

w 

figure 3. S en sitivity  (o pen 
circu it vo ltag e f ro m  SO-ohm 
sou rce, equivalent to  noise 
l evel) and lo cal -o scil lato r 
d rive vs signal f requ en cy. 

� 0.6 

� 0.5 

<I. 0.4 l 
.JI � 

:\.. ,...., SP CIFICATl\)N -- ,_.. --· -· --;t.-SPECIFICATIO � 
60 � 

::> u 
..J 

11 
tt 

u 

� 0.3 

0.2 

0. I 
50kc 70 

SENSITIVITY ' _1.--1-- - /TYPICAL 
· ""NSITIVIT Y 

�P1FL--T 
20kc IF OPERATION 100 kc IF OPERATION 

100 150 200 300 500 700kc IMc 2 3 5 
GENERATOR FREQUENCY 

� .. 

7 

40 � 
.,, 
,_ 

30 5 

20 
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figure 4. lin ea rit y 
o f  th e 1232-P l/ 
1232-A d etector 
a s  a f un ct ion o f  

� w DEVI ATION OWING TO SIGNAL' DEVIATION CAUSED BY 

in put voltage. 

<D + I u "--l!5 0 I 
a:: 
?f- I 
a:: 
w 

lµv 
Odb 

APP�OACHING NOISE - --�� 

IOµv 
20db 

ure 4; it can be seen that above about 
50-mv input an increase in input volt

age produces a smaller-than-proportion
ate increa e in output indication. The 
sensitivi y, defined as the input signal 
voltage required to increase the output 
indication 3 db above the noise level, is 
shown in Figure 3. Other data of interest 
are given in Figure 5, which shows the 

sensitivity as a function of local-oscilla

tor drive level and in Figure 6, which 
shows the relative conversion loss also 
as a function of local-oscillator drive 

level. The degradation of sensitivity 
below the normal tuning range i shown 
in Figure 7. The mixer is still usable in 
this range, but local-oscillator feed
through produces a larger output indi
cation. 

AP PUCA TIONS 

Null Detector 

The combination of the TYPE 1232-Pl 

Mixer, the TYPE 1232-A Null Detector, 
and a local oscillator is an excellent 
bridge null d tector for the frequ ncy 

range from 70 kc to 10 l\1c. Figure is 

a block diagram of a complete bridge 
system using this detec or, and a typical 
setup with the TYPE 916-AL Radio
Frequency Bridg i shown on the front 
cover. 

Attenuation Measurements, etc. 

This detector sy tern is particularly 

well suited for the measurement of at
tenuation, e pecially high value of at
tenuation. For example, with a 100-mw 
source and reasonable padding (10 to 

I OOµv 
40db 

I NPUT TO MIXER 

I Mv 
60db 

SATURATIO\ 

IOMv 
80db 

""'' 
IOOMv 
I OOdb 

16 db at the detector) attenuation values 

as high a 120 db can be measured. A 
substitution method is employed wherein 
the attenuation to be measured is com
pared with a calibrated adjustable at
tenuator, such as the TYPE 874-GA. 
The TYPE 1232-A Tuned Amplifier and 

Null Detector is used as level indicator, 
since it does not have its own calibrated 
attenuator. For maximum resolution in 

the mea urements it is es ential that 
the detector cir uits be operated within 

their linear range. Detector linearity for 
the 1232-Pl/1232-A combination is 

shown in Figure 4, and applies for all 
diode-current lev 1 above 200 µa. Fig
ure 9 i a block diagram f the measur
ing setup. 

Attenuation of 10 db or 1 can be 

measured with an accura y of + itr of 
the db increment being me[l.sured by use 

of he db scale on the meter of th null 
dete tor. In his mea ur men , lin arity 
at both the lowe t and highe t usable 
input-signal ex remes, for the detector, 
are important,. The usable input- ignal 

0.8 1-+--+---+-+---+-----1 
�Q6 ......... ->---+ >-1-
� O<l- t---l"'oo..::+-+--+---; 
u; � 02 

o���-��� 0 100 200 300 400 500 
CRYSTAL CURRENT-po 

Fig ure S. Sen sit ivity vs 
lo cal -o scillator d rive for  
100-kc int ermed iote 

f requ en cy. 

D 
.., J, 0 
g 2 1---1-��'4'---+-....j.-..j 
z 0 u; 4 1---4--.#-+-a: w ;;:;: 6 1--JO�--l--+---+--+-1 
8 
':l! 8 l-+--+---l--+---+--+-1 
�10 io:l o ........... �,0-0-2� 0-o-3�0-o- 4 �0-o- s �oo� 
a: CRYSTAL CURRENT-)ID 

Figure 6. Relat ive con 
version lo ss vs lo cal 

o scil lato r d ri ve. 
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G EN E R A L R ADI O EXP E R IM EN T E R  
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F igu re 7. Typical sen sitivi ty a t  frequ en cies belo w  
norma l range . 

range can be d t rmined from Figure 4. 
The deviation from linearity at low 
levels ari e from the relative contribu
tion of the amplifier nois in the output 
indication, when the signal-to-noise 
ratio is small. 

Specific attenuation measurements to 
which this procedur is applicable are: 

Attenuator or network insertion loss 
Filter stop-band response 
Coaxial cable loss1 
Coaxial witch cross-talk 
Coaxial able or connector leakage2 

F igu re 8. Blo ck 
diag ra m  o f  the 
d etector  syste m 
u sed a s  a bridg e 

nu II de te cto r. 

P ATCH CORD 

GENERATOR l=I::t:=J::�-rr:j 
PAD

* 

UNKNOWN 

BRIDGE 

Coaxial Switch Crosstalk or Multiport 

Component Measurements 

The same basic procedure can be used 
in the mea urement of cros talk between 
connections in multiport components, 
such as coaxial switches, semiconductor 
switches, and duplexers or multiplexers. 

The component to be measured is, 
for example, driven at its input and the 
"through" channel (the output connec
tion to which the input i intended to 
produce an output signal) is terminated 
in a matched termination, or other de
sired impedance, depending on the im
pedance with which the device is nor

mally terminated. The other unu ed 
ports are similarly terminated. The de
tector is connected to the port in which 
crosstalk is to be measured, and the 
attenuation with this connection is 
measured by the substitution method. 
In the substitution method, a known 
amount of attenuation is inserted to 
produce the same output indica ion that 
was produced with the component 
installed. 

Most systems operate at a nominal 
impedance of 50 ohms. The mixer input 
impedance i about 200 ohms. It can be 
made very nearly 50 ohm by the addi.:_ 

tion of an 874-GlO 10-db attenuator at 
its input. 

For operation at other than the 50-
ohm level, transformers are required. 

PAD
* 

PATCH CORD 

UNIT UNIT 

OSCILLATOR POWER SUPPLY 

*PAD OPTIONAL-TYPE 874-GIOL RECOMMENDED LOCAL OSCILLATOR 
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ATTENUATOR TYPE 874-G 

PAD PAD 
TYPE 874-GIOL TYPE 874-GIOL 

D ECEMB ER, 196 3 

GENERATOR RF MIXER ��rrl NULL DETECTOR 
TYPE 1330-A l"l---t'=t--.-�)..---,.--f=>t----f'I TYPE 1232-PI TYPE 1232-A Fig ure 9. Blo ck d ia g ra m  o f  

the 1232-P1/ 1 232-A d etecto r 
system a s  set up fo r the 
m ea surem ent o f  atten uation .  

PAD* 

U NIT UNIT 
OSCILLATOR POWER SUPPLY 

*PAD, TYPE 874-GIOL, OPTIONAL LOCAL OSCILLATOR 

Cable Connector or Leakage 

Measurements 

The leakage or shielding effectiveness 
of cables or connector can also be meas
ured by the same procedure as for atten
uation measurem nts. A special test 

fixture is required in this case. Specific 
details of this fixture and th procedure 
are described in the reference cited.2 

'W. R. Thurston, "The Measurement of Cable Charac
teristics," General Radio Reprint No. E-104. 
2 J. R. Zorzy & R. F. Muehlberger, "R-F Leakage Charac
teristics of Popular Coaxial Cables and Connectors, 
500 Mc to 7.5 Ge," Microwave Journal, l ovember, 1961, 
General Radio Reprint No. A-93. 

SPE C IFICATIO N S  

Fr equen cy Rang e: 70 kc to 10 Mc. (Can be used 
up to 60 Mc, with care in the selection and 
identification of local-oscillator frequencies.) 
1 -F O utput Fr equ en cies: Switch-selected to 20 kc 
or 100 kc. 
Band w idth: 0.8 kc in 20-kc position, 10 kc in 
100-kc position with a 20-kilohm output load 
(TYPE 1232-Pl RF Mixer alone). 

Type 

S ensit ivity:  See Figure 3. 
In put Im pedan ce: Approximately 200 ohms. 
Out put Impedance: Approximately 20,000 ohms. 
D rmen sio n s: Diameter 27'i, length 6% inche 
(58 by 175 mm). 

Net Weig ht : 1 pound (0.5 kg). 
Shipping Weight :  2 pounds (1  kg). 

Code Number Price 
1232- P  1 RF Mixer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1232-9601 $105.00 

T YPE 12 12-P3 RF MIXE R 

The 12 12-P3 RF Mixer is essentially 
of the same cons ruction as th 1232-Pl, 
differing principally in the choice of i-f 
center frequency, 1 Mc. The circuit is 
shown in Figure 10. With the 1212-A 
Unit Null Detector, the lowest frequency 
of operation is 3 lVIc. Below this, the 

local-oscillator signal feeds through di
rectly into the Unit Null etector, pro
ducing a m  ter indica ion in spite of the 
filter networks provided in the mixer 
unit. The highest frequency of operation, 

LO 

<,<?,) ,, 

Fig ure 10. Schematic o f  the Type 1212-P3 RF Mixer. 

l l 
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GENERAL RADI O EXP ERI MENTE R  

16 14 .. " 
� ... 

........ 
� 

Figure 11. Sensitivity 
(open-circuit voltage 
from 50-ohm source, 
for 13 meter deflec
tion) vs local-osci 1-
lator drive for the 
1212-P3/1212-A de-

> 1 2  ?-10 � 8 � 6 
� 4 � 2 
(J) 0 100 200 300 400 500 tector system. 

CRYSTAL CURRENT-pa 

again limited by local-oscillator tuni°:g 
resolution, tuning difficulty, etc., IS 
60 l\!lc. Aside from these considerations, 
the mixer p rforms perfectly well up to 

at least 150 Mc. 

Null Detector 

The response of the Unit Null De

tector is approximately logari hmic, 
rather than linear. For this rea on, it 

does not have a gain control. The sys

tem, is, therefore, usable only as a null 
detector, and, in this application, it is a 

sensitive, easy- o-us in trument. The 
principal characteri tics of interest are 

the variation of sensitivity with diode 

current (Figure 11) and sensitivity over 

the frequency range (Figure 12). 

1 igure 13 is a block diagram of the 
detector hown as par of a complete 

rf bridge y tern. Th local o illator is 
always et higher than the generator 

frequency when the operating frequency 

is below 10 J\.1c, in ord r to minimize the 

local-oscillator voltage that gets through 

to the mixer output. 

Use with a Broadcast Receiver 

The TYPE 12 L .• -P3 Mixer can also be 

used wi h a tandard broad ca t r cei ver 

Figure 13. Block 
diagram of 1212-
P3/1212-A de
tector system, used 
as null detector 
with rf impedance 

bridge. 

UNKNOWN 

BR IDGE 

*PAO, TYPE 874-G I OL, OPTIONAL 
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figure 12. Sensitivity vs frequency. 

in place of the nit run Detector. IIere, 
the generator can be modulated in order 

to obtain an aural null indication. The 

sensitivity characteristics shown in Fig

ure 13 apply to this application also 

with on exception : the 9-µv sensitivity 
value extends to a lower frequency limit, 

approximately 1.5 Mc. Therefore, with a 

broadca t receiver set at 1 Mc, a tunable 
detector from 0.54 Mc to 60 Mc is ob

tained (if we include the 0.54 to 1.5 Mc 
range of he receiver itself). There are, 

however, everal precautions to be taken, 
such as the elimination of broadca t

station interf rence. These are described 

in detail in the mixer instruction book 
and include shielding of the broadcast 
receiv r and care in s lection of th gen-

UNIT UNIT 
OSCILLATOR POWER SUPPLY 

LOCAL OSCILLATOR 
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Figure 14. Photo 
gra ph o f  system 
sho wn in Figu re 
14. Bridg e i s  th e 

Type 1606-A RF 
Bridg e. 

era tor fr q uen cy to a void tuning to 

harmonic of th r iv r lo al o cillator. 

tran i tor portable m ke a good re

ceiv r for this application because its 

small siz permits it to be ea ily ur-

DECEMBER, 196 3 

rounded by a omplete shield. 

The combination of the d tector and 

th TYPE 160 - Radi - 1 r qu ncy 

Bridg i hown in Figur 14. 
-J. ZoRzY 

SPE C IFI C A T I O N S  

Frequ en cy Ra ng e: 3 Mc to 60 Mc. (Can be used 
up to 150 Mc if cam is taken in the selection 
and identification of local-oscillator frequency.) 
1-F O ut put Frequ en cy: 1 Mc. 

Band w idth: 25 kc with TYPE 1 2 1 2-A nit 
Null Detector. 
S en si ti vit y: See Figure 12. 
In put Im pedan ce: Approximately 200 ohms. 

Type 

Output Im ped an ce: Approximately 50 kilohms. 
Term ina l s: TYPE 874 Coaxial Connector at end 
of cable. 
Di m en sions: Djameter 2U, length 6� inches 
(58 by 175 mm ). 

Net Weight :  1 pound (0.5 kg). 
S hipping Weig ht :  2 pounds (1 kg). 

ode Number Price 
1212-P3 RF Mi xer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1212-9603 $105.00 

ERRATA 
TYPE 900 PRECISION COAXIAL ELEMENTS 

In th maze of type numbers toler

ance , and tabulations describing this 

quipm nt in our Nov ml er i sue, a 

couple of error crep in unnoticed until 

too late. ince the e relat to important 

spe ·ifications, we hasten to correct th m. 

Page 8, first paragraph: 

Tol ranee on charact ristic impedance 

is +0.065%. 

Page 1 0  - Precision Rod and Tubing: 

Characteri ti impedance is 50 + 
0.0325 ohm (0.065%). 

1 3  
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1 4  

G E N E R A L  R A D I O  E X P E R I M E N T E R  

Figure 1 .  New double-plug patch 
cords with straight-thro ugh and 
right-a ngle con nections. Each type is 
available i n  1 -, 2-, or 3-foot lengths. 

Fig ure 3. New s i n gle-plug patch cord, available in red or black 
and in 9-, 1 8-, or 36-inch len gth. 

Figure 2. Recess 
i n  body of new 
double plug means 
any two plugs 

can be stacked. 

Fi gure 4. A lligator c l ip slips over single plug to convert plug 
lead to clip lead. 

A N EVV PLU G FOR PAT C H  CO RDS 
Although known prilnarily as an in

strument manufacturer, General Radio 
has developed many components and 
parts that achieved industry-wide popu
larity . Notable among these was the 
"banana" plug, introduced in this coun
try by GR in 1924 and manufactured 
ever since by us as the TYPE 274 Plug . 
The present crop of banana plugs in
cludes single, double, insulated, and 
shielded varieties. Two patch cords, 
each consisting of TYPE 274 double plugs 
molded on both ends of a shielded cable , 
have also been available. 

A new lineup of 2 TYPE 2 74 Patch 
Cords offers ( I )  a new, improved double 
plug, (2) a choice of straight-through or 
right-angle connection to the plug , 
(3) a wider choice of lead Ieng hs, and 
(4) new single-plug patch cords. 

The new double plug consists of two 
banana plugs, one gold-plated and one 
nickel-plated, whose soldered ends are 
encapsulated first in polystyrene (for 
its electrical qualities) and then in cellu-

lose-acetate butyrate (for its high-impact 
properties) . At the other end of the con
nector body are two banana-plug j acks, 
and the configuration of the connector 
is such that any double plug can be con
nected to any other , regardless of 
whether the plugs have straight-through 
or right-angle connections (see Fig
ure 2) . 

The gold and nickel color coding of 
the banana plugs is in accordance with 
electrical wiring conventions (the nickel 
is the shield, or ground connector). In 
addition, the word SHIELD is  clearly 
marked next to the shield terminal. 

Double-plug patch cords are now 
available in 1-, 2-, and 3-foot lengths, 
with either straight-through or right
angle connections. Leads are IDade of 
low-capacitance, flexible coaxial cable. 

The single-banana-plug patch cord is 
shown in Figure 3. It is available in 
either red or black and in three lengths : 
9, 18, and 36 inches. The connector body 
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is molded cell ulose-acetate butyrate and 

includes a jack for sta king. The banana 

plug's versatility allows q uick conver

sion of the patch cord to an alligator 
clip lead by the addition of a TYPE 838-B 
Alligator Clip ,  as shown in Figure 4. 

All TYPE 274 Plug and Jack hav a 

Type Description 

D ECE M BER, 196 3 

con tact resistan e in th ord r of 1 milli

ohm. Plugs seat firmly in j ack o that 

the plug springs are not depended on for 

mechanical tability. 

Patch cord with hi l ded plug are 

also availabl , a listed below. 

Part No. Price 
2 74-LLB 
2 74-LLR 
2 74-LMB 
274-LMR 
274-LSB 
274-LSR 
274-NP 
274-NPM 
2 74-NP S 
274-NQ 
274-NQM 
274-NQS 
2 74-NL 
2 74-NLM 
2 74-NLS 

S ing le-P l ug Patch Cord, 36-inch, black . . . . . . . 0274-9468 
0274-9492 
0274-9847 
0274-9848 
0274-9849 
0274-9850 
0274-9880 
0274-9 92 
0274-9 52 
0274-9860 
0274-9896 
0274-986 1 
0274-98 3 
0274-98 2 
0274-9862 

$1.2 5 
1.25 
1.2 5 
1.2 5 
1 .2 5  
1 .2 5  
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
4.50 
4.50 
4.50 

Single- P l ug P atch Cord, 36-inch, red . . . . . . . .  . 
Single- P l ug P atch Cord, 18-inch, black . . . . . . . 
Single-P lug Patch Cord, 18-inch, red . . . . . . . .  . 

Sing le -P lug P atch Cord, 9-inch, black . . . . . . .  . 
Single- Plug P atch  Cord, 9-inch, red . . . . . . . . .  . 
Double- P l ug P atch Cord, 3-foot, side connection 
Doub le- P lug P atch Co rd, 2-foot, side connection 
Dou b le- P l ug Patch Cord, 1-foot, side connection 
Doub le- P lug Patch Cord, 3-foot, end connection 
Double- P l ug Patch Cord, 2-foot, end connection 
Double- P l ug Patch Cord, 1-foot, end connection 
Shielded Double-P lug P atch Cord, 3-foot . . . . . . 

Shielded Dou b le-P lug Patch Cord, 2-foot . . . .  . 

Shielded Double- P l ug Patch Cord, 1-foot . . . .  . 

HAN D BOOKS TO H E LP YOU 
The Handbook of Noise M easure?nent 

first appeared in 1 953 and met with 

wide acclaim from expert and tyro alike .  

I t  brought together in one convenient 

booklet a wealth of definitions, data , and 
procedures for the measurement of noise 

in industry. This handbook has been re

written and revised with each successive 
edition ,  to keep pace with c hanging 

standards and new devices. The new 

fifth edition is a complete and authorita

tive treati e, full of useful informa ion 

for those who need to mea ure acoustical 

noise - whether product noi e, environ
mental noise, or the transient noi of 

passing vehicles. 
The /-/ andbooJ, of Noise lltf easurenient 

is priced at one dollar ($ 1 . 00) , po t paid , 
which i sub tantially le t han it o t 

u to print and mail it. Size , 6 x 9 in he 
256 pages,  an o u tstanding bargain ! 

A new handbook has j ust appeared on 
the cene, the Handbook of High-Speed 

Photography .  This is a compendium of 
principles and methods of the photo

graphing of obj ects moving at high 

speeds. The l ight source considered are 
Gen ral Radio troboscopes , which pro

duce light flashes of one microsecond 

or 1 s. Obj t moving faster than the 
p ed of ound can b r corded on fil m  by 

these light our s. Thi 56-pag boo klet 

is full  of d tail d p roced ures us-ful to 

both prof s ion a l  and amate u r .  Size , 

6 x 9 in h 56 pag s .  Free u pon r q uest . 

The Handbook of Voltage Control, pub

li hed earlier this year is designed to 
help you ge the mo from your Variac® 

adj u table aut o ransformer. Theory, cir
c uit and applications are covered. 

Size , 8Yz x 1 1  inches 40 pages. Free 

upon request. 
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G E N E R A L  R A D IO E X P E R I M E N T E R  

CHARLES 

C.  

CA R E Y  

Charle C .  Carey , lat<:' Pre idcnt of 

thi company cam0 to GP1wral  Radio in 

1 927 . I n  1 93 1  he was mad<' As istan t to 

thC' \ ice-Presid nt fo r  Pr od uc tion ; i n  

1 93..t , rod uc ion • upNinkndent ; in 

19..J...J. Tice-Presi d e n t  for Production · in 

1 950, a Dir ctor of t he Company ;  and 

i n  1 - , Pr sid n . 

An alumnus of Bo ton Univ r ity 

and Northeastern Univer ity he wa a 

director of the National Shawmut Bank 

1 6  

D O N A L D  

B .  

S I N CLA I R  

cneral R adio's new Pr<' iden t, e lectC'd 

hy the Direc tors on ·tober 1 8 , i s  

Donald B .  S i n  · lair. 

Dr. Sin lair wa born i n  vVin n ipeg , 

Ianit oba , in l 9 1 0, att ended t he ni er

it y of l\'lanit oba from 1 926 to 1 929,  

then tran £erred to th 1\ f a  achu tt 
I n titute of Technology , wh r h r -

ceiv d degree of SB in 1 93 1 , Sl\l i n  

l 9::32, c nd Sc D in 1935 . I l e j oined Gen

eral R adio i n  193() a n d ub eq u n tl y 

b came hief Engineer . I n  l 955 he was 

app int d Vice-Pre. ident for Engineer

ing and in 1 9 - 6  wa e lected a Direct or .  

For the pa� t t w o  y ar. he ha hel l t he 

po t of Exec ut ive Vie -President and 
Technical Director . 

and a tru tee of Nor h ast rn Uni ver

ity. 

Ilis talent were ma ny , and hi in · r

ests ranged over many field . Most 

i mportan t  at employee-owned G neral 

Radio was Ir. arey ' con tant intere t 
i n  all  employees, their ucce ses, and 

their problems . 

A mong his many contri bution. to our 

Companv w re hi plan ning and xecu

tion of our several expa n sion program 
d uring and ince vVorld War I I , inc lud

ing he tran fer of all operation from 

Cambridge to the present si e in Concord 

and our c urrent expansion into a new 

plant in Bolton JVIa . 

On 0 tober 1 7 ,  Charles Carey d ied at 

the age of 58. We who we1;e enriched by 

his 36-year career with GR are saddened 

by hi death . 

During World War II Dr. inclair 

was in charg of t he arch receiver 

work for radar countermeasure at the 

Radio Re earch Laboratory a Harvard 

University, and he wa a member of 

Division Five of the rational Defen e 

Research ommit.tee on G uided l\'1i il 
For hi vvork on counterm a ure and 

guided mi siles, he r ·ei ved the Pr i

dent's Certificate of l\Ierit in 194 . From 

1 954 to 1 958 he wa a memher of the 

T chnical Ad vi ory Panel on Eledron
ics of the Department of Defen e .  

Dr. Sinclair i s  a Fellow o f  the 1 l1.. E E, 
and wa Pr . iden t of the I RE i n  1 952, 

fol lowin g a term as Trca. ur r i n  l 9-�9-50 . 

H e  erved on t h  Ex cut iv ommiti ce 

of the I R E  in 1 9�.l - 1  50 and again in 

1 95�-1 953, and was on t he Board of 

Directors from 1945 ·o 1 954 and in 1 95 . 

H e  is a l so a member of Sigma X i ,  Et a 

Kappa N u ,  th American A ociat ion 
for the Advan cement. of cien ce , the 
Am rican l hysical ... ociety ,  and t he I n

strument ociety of A merica . 
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