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COVER: Bionics, the subject of this 
issue's Staff Report, has been loosely 
defined as the imitation of nature by 
electronics. The cover painting is a styl
ized rendition of a neuron. Superim
posed on it is the familiar pattern of a 
printed circuit to represent the elec
tronics part of the new discipline.
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performance you require.
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bonds to metal, glass, and plastic. They assure 

air-tight, moisture-tight enclosure for delicate 

components and vacuum tubes. Even when 

exposed to solder-bath temperatures, Epon 

resins retain their dimensional stability.

Epon resin-based insulating varnishes and 

potting compounds, in addition to providing 

excellent moisture sealing, have outstanding 

resistance to attack by sohents and chemi

cals, even at high temperatures.

When reinforced with inert fibrous filler, 

Epon resins produce base laminates of supe

rior dielectric properties that can be sheared, 

punched, drilled, and bath-soldered.

Solvent-free Epon resin adhesive formula

tions require contact pressure alone and cure 

at room temperature, or with low' heat for 

accelerated curing.
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Bionics—A New Discipline
As a general rule, our editors are 

from Missouri. With all the develop
ments that pour across our desks every 
day, it is not too often that we get ter
ribly excited about a story. But every 
once in a while, something comes along 
which makes us sit up, rub our eyes, and 
explode in a fit of superlatives.

Such was the case a few weeks ago 
with bionics. We had been sniffing 
around this new subject a bit, and the 
deeper we got into it, the more excited 
we got.

Opening up in front of designers is a 
whole new concept in electronics. The 
reasons why a dolphin has a better 
sonar than any available from man, why 
a bat’s radar is more effective than 
man’s, and why a frog jumps according 
to light patterns add not only to our 
knowledge of biology but to our knowl
edge of electronics. If we can duplicate 
these natural processes electronically, 
we shall have come a long way toward 
teaching machines to learn and to 
adapt themselves.

On p 38 of this issue, ELECTRONIC 
DESIGN presents the first report in 
depth on bionics. We are proud of it 
and hope you will find it helpful.

Hark, Hark, the Dogs Do Bark
A few days ago, a motley crew 

dragged into our editorial offices at 830 
Third Ave. These were the blooded vet
erans of the WESCON campaign. For 
both ED and ELECTRONIC DAILY, they 
had labored hard and under the tough
est possible conditions (see photo). 
DAILY Managing Editor Alan Corner- 
etto and his staff had put together four 
issues of the magazine distributed at 
WESCON and each had returned to 
tell the tale, bloody but unbowed. The 
story in ED on p 14 of this issue and the 
one in the Aug. 31 issue are their work.
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Call your $) rep today for a 
demonstration of one of these

POPULAR

OSCILLOSCOPES
Production or lab instruments—Simple to use, even for non
technical personnel—Moderately priced—Full 10 cm x 10 cm 
display—Automatic calibration waveforms—Low phase shift— 
Automatic triggering for optimum presentation—“Times-5” 
sweep expander magnifies trace, improves resolution.

DC to 200 KC
Models 120A/AR combine minimum controls with automatic triggering 
for utmost speed, convenience. Horizontal amplifier de to 200 KC; phase 
shift only ± 2° to 100 KC. More X-axis information due to horizontal ampli
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 /isec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 p.sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver
tical amplifier, drift-free trace. $ 120A (cabinet) or $ 120AR (rack), $435.

DC to 200 KC-DUAL TRACE
Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output/input phenomena; vibration testing. Unique front
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver
nier extension. Horizontal amplifier de to 200 KC. 122A (cabinet) or 122AR (rack) ,$625.

DC to 300 KC-“BIG SCOPE” PERFORMANCE
Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 ^sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 p.sec/cm to 12.5 sec/cm. Twin hori
zontal and vertical amplifiers, phase shift ± 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater. £ 130B (cabinet) or 130BR 
(rack), $650. Data subject to change without notice. Prices f.o.b. factory

Thirteen precision 
oscilloscopes, 

de to 1,000 MC

HEWLETT-PACKARD COMPANY
1050K Page Mill Road 

Cable “HEWPACK”
Palo Alto, California, U.S.A. 

DAvenport 6-7000
Sales representatives in all principal areas 

HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1 

Cable “HEWPACKSA”
Geneva, Switzerland 

Tel. No. (022) 26. 43. 36 «715
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Compare these tinned copper-wire resisti

leads, welded and soldered, each

magnified 50 times. In the solder joint,

resistance is created through plating

addition of solder. Note the poor connectioi

In the Weldniatic welded joint, you can

metals. This welded joint is stronger than

operator skill

Ask Weldniatic for a free sample weld

best in current technical knowledge.

WELDMATIC DIVISION
950 Royal Oaks Dr., Monrovia. Calif.
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Wirewound Trimming Potentiometers for Printed Circuit Application ..
They weigh one gram, are about one-quarter the volume of conventional 
trimming pots

GREATER ST# 
EXACT REPEAT. 
LOWER PRODUl

The reason is revealed in the joint.

Multivibrator Gives Nanosecond Pulses with Variable Width, 
High Duty-Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Using additional transistors to isolate key points in the conventional mono 
stable multivibrator circuit improves performance in nsec region—R. Roy

Special Book Preview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
System Applications of Ferrite Devices—R. F. Soohoo

Equalizer Extends Transducer Range . . . . . . . . . . . . . . .
Flat frequency range increased three or four times

How to Design Scales that Humans Can Read . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A presentation of rules for selecting the number of subdivisions and the length 
of marker lines—H. Littlejohn

Direct-Writing Recorder Operates Over a 100% Wider Bandwidth
It has eight independent channels for recording various signals

Guidelines in Designing for a Nuclear Environment. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Practical findings from years of radiation experiments, and hints for applying 
them to electronic design—P. S. Miglicco. D M. Newell

RFI Test Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A compilation of commercially available RFI equipment—R. Schulz

Putting Boolean Algebra to Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
An example of how to state a problem in terms of Boolean algebra and extract 
a solution in terms of hardware—R. C. Harrison
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Transistorized Oscilloscope Weighs Less Than Two Lb
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How to Make Your Own Transistor Parameter Converter ...
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MT1* 
MT7* 
MT8* 
MT9* 
MTir

Line to Emit.
Coll, to P.P. Emit.
P P. Coll, to P.P. Emit.
Line to P.P. Emit.
P.P. Coll, to P.P. Emit.

MT13* P.P Coll, to Speaker 
MT14* Coll, to Speaker 2N179 
MT15* P.P. Servo Output 2N57 
MT18* P.P. Coll, to P.P. Emit.
MT23* P.P. Coll to Servo

Add either -AG, H, -M, FB, FPB, -A, or -P to Part Number to 
designate construction. See catalog for detailed information.

Part
Number Application

Applicati«

1,000

NEW 1961 CATALOG
NOW AVAILABLE

Many new listings and additions 
to our stock line of transformers

ULTRA MINIATURE
L TRANSISTOR

Open frame (-F)* Wt 08 oz. size %" x H' x h/jj"
i" dia.Molded ( M)* Wt. 14 oz size Mr" x1 

Nylon Bobbin, Nickel-Alloj^A

10Hy.(Ode) 8Hy(.5ma)650
‘Add either -F or -M to designate construction. See catalog.

UM 21*
UM 22*
UM 23*
UM 24*
UM 25*
UM 26*
UM 27*
UM 28*

400
400
400 C.T.

1,000
1,000
1,200 C.T.

50
50
11
11

IcMdary 
ipedance

Part 
Number

output 
Output 
Output 
Choke

Level
Imp Imp, j Ma. [Watts

POTI 
Unbal

ON SPECIAL ________
ORDER ONLY 
Part I

Number | Application

• Miniature Audio
• Miniature Transistor
• Micro Miniature
• Power Supply

• Isolation
• Ultra Miniature
• DC to DC Convertors
• Transistor Driver * Output

. . Many other types

SILICON RECTIFIER

Circuitry Primary 105/115/125 Volts**.
Hermetic sealed to MIL-T-27A
See Catalog for additional information.

Part 
Number

Secondary 
AC. 

Volts

MINIATURE 
TRANSISTOR

Available in 8 case types.
Hermetic(H) i5/u"xl%".Wt. 1% oz. 
Molded(M) Ma" x %" x 1 • V32 ,Wt. 1% oz. 
Open Frame(F) %" x 1" x ,3/i*",Wt. 1 oz.

18
20
15
7 
.75

.15
1.5 
.075 
.040 
.005

Power Supply

Rectifier Circuit
R.M.S. C.T.** 
imperes Full Wave

M8018*
M8019*
M8020*
M8021*
M8022t
M8023t
M8024t

18.5 C.T.
18.5 C.T.
35 C.T.
70 C.T.
18.5 C.T.
35 C.T.
70 C.T.

1
3
3
1
3 
3
1

7 V. 
7

14.5 
30

7 
14.5 
30

14V.
14
29
60
14
29
60

*380-1600 Cy.
♦50-60 Cy.

**DC output volts stated are for resistive or 
inductive loads. Capacitor imput may be 
used if RMS AMPS is not eiceeded

MICaOT»AIV I.»»

company, ine.
145 E. MINEOLA AVE., VALLEY STREAM. N V

WCA 
delivered 

in 24 hours

s 
DELIVERY

Pri. 
Imp. 
600 

25,000 
25,000

600 C.T. 
4,000 C.T. 
4,000 C.T.

400
500 C.T. 

25,000 C.T.
250 C.T.

Sec.
Imp.

600
1,200 C.T.
1.200 C.T.
1,200 C.T.

600 C.T.
3.4

10
210

1,200 C.T.
1,000

TRANSISTOR DRIVER
Designed specifically for 

transistor, servo 
and audio

Frequency response 7O20K
Size AF mill through AH Hermetically 
sealed to MIL T 27A.

EPOXY MOLDED See catalog for exact sizes and weights.

M8002* Coll, to P.P. Emit. 560 400 C.T.
M8003* Coll, to P.P. Emit. 625 100 C.T.
M8004 Coll, to P.P. Emit. 5,400 600 C.T.
M8005 Coll, to P.P. Emit. 7,000 320 C.T.
M8006 Coll, to P.P. Emit. 10,000 6,500 C.T.

*Bi-Filar wound tu minimire switching transients.

nmicfiOTfifln
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result ofcorded
launched late last year

d timi

Contributions to Minuteman

ProductCompany

se of

$0 6

0.004%

$0 43

14, 1960

bold new program 
preparation for the

0 001% 
•1.001%

0.001% 
at 60% con
fidence level

syste 
hav<

General Electric 
Irmo, S. Car.

Contract 
Amount

Wheeler Electronic* 
Corp., subsidiary of 
Sperry Rand Corp.

ability 
Level

Specified 
(per 1,000

Minuteman missile system. The long-range result 
of this program, being directed by North Ameri
can Aviation, Inc.’s Autonetics Div., could be a 
complete revamping of reliability specifications 
for vital military weapons systems.

The exacting procedures being followed to 
achieve the reliability requirements outlined in 
the table below should pinpoint weaknesses in 
present quality control programs and direct 
manufacturers to corrections of poor reliability 
results. Levels about 100 times over present re
liability are sought.

The special nature of the inertial-guidance and 
flight-control systems for the Minuteman led to 
the North American program. Retaliatory solid-

0 001% 
and 

0002% 

0 001%

0 0006 4 

0.0006% 

0.001%

International 
Resistance Corp 

Dale Electronics. wtr ewound 
resistors 
transformers

silicon transistots. 
(2N697 and 
2N1132)
silicon transistors

Motorola Semiconduc 
tor Div.
Pacific Semiconductors,

germanium mesa 
transistors
silicon diodes
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Fairchild Semiconduc 
tor Corp.

General Electric Co., 
Syracuse, N. Y.
Transitron Electronics 
Corp.
Delco Radio Div., Gen
eral Motors Corp.
Corning Glass Works 

John E. Fast Co.
Sprague Electric Co.

mg desi 
naif um

IGNIFICANT achievements in electronic
components reliability have already been re

over $0.5 

about $0.5 

$1.26

Careful records are kept for each part being stored 
by Autonetics—and each part is given an individual 
serial number. Parts are dip-soldered in place on 
printed boards >n the storage trays used for stripping.

|nty-ye¡ 
Innders 

kinetic« 

ned, f 
Bn. and

silicon transistors, 
and diodes
germanium power 
transistors
glass capacitors 

paper capacitors 
soil and foil 
tantalum 
capacitors 

solid tantalum 
capacitors 
foil tan. capacitors 
metal film resistors

fuel missiles, stored in underground “hard” sites, 
must be ready to streak skyward with the first 
signs of enemy attack. Since components such as 
gyros require hours to warm up properly, many 
portions of the Minuteman electronic systems 
must be operating continuously in storage vaults. 
This could mean years of constant operation, 
with tests performed every few hours to assure 
the proper performance whenever it is needed.

To meet these severe conditions, Autonetics 
outlined an industrywide reliability-improvement 
program in a proposal to the Air Force for the 
guidance and control contract. This effort would 
be conducted at top component manufacturers’ 
plants, with Autonetics coordinating the entire 
effort and issuing the specifications to be met 
by Minuteman parts. It is felt generally that this 
reliability program was the factor eventually 
winning the contract for Autonetics.

i in th< 
ling n 
it up t( 
i circu
c auses
igree 
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Reliability Compromises Necessary
In seeking component subcontractors for the 

Minuteman system, Autonetics asked for com
ponents with a reliability level that would assure 
unattended operation for a certain number of 
thousands of hours. Potential subcontractors sub
mitted proposals in which they specified reliabil-

To arrive at initial reliability figures for the 
program an optimistic Mean Time Between Fail
ures was set for the entire Minuteman system. 
From this total figure, MTBF’s for subsystems 
were calculated, and from these the MTBF's 
for the components were derived. Although sys
tem’s figures have not been disclosed, unofficial 
sources said that the system will operate at least 
for a year, perhaps for several years, 24 hours 
a day, without a malfunction due to electronic
component failure.

Firms Seek Ultrareliability for Minuteman 
13 Components Makers Join in Autonetics Program;
May Lead to Complete Reliability Spec Revisions
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ev* Is which they felt capable of achieving, 
ecause of the state-of-the-art in various com- 
ent types, it was in some cases necessary to 
en reliability restrictions—but at the same 
t requirements were proportionately stiffened 
[components which were more susceptible to 
ro\ ement.
efore awarding component subcontracts, 
onetics toured the plants of potential sup- 
Irs to evaluate reliability procedures and as- 

in coming to contracting decisions. During 
program Autonetics specialists will be sta- 
ed at each component manufacturers’ plant 
:ecp a continuous check on procedures and 

Iide liaison with the coordinating group. 
Mi selecting components for use in the Minute- 
Mi system, all vacuum tubes and most moving 
ms have been eliminated—no potentiometers 
Relays are used, for example. The system is 
tig designed so that it can not be repaired. If 
lalfunction occurs, it is assumed that the sys- 
I will be scrapped.
Hany of the concepts developed by Bell Tele
Ine Laboratories in achieving estimated 
Inty-year reliability levels for the repeaters 
|iinderseas cables have been applied in the 
tmetics effort. Long storage times are 

ned, following the example of the BTL pro- 
In. and parameter shifts will be charted dur- 
ithis period to aid in prediction of parts which 
I fail or fall outside of tolerance before a spe- 

d time. To aid in this program automatic 
eking and tallying equipment has been built 
installed, and every component in the pro- 

n is being assigned a serial number and an 
I card carrying its complete history.
laborate record-keeping procedures and test
requirements under the Autonetics plan will 
lire considerable expense for special installa- 
s, hiring, and implementation of the program, 
ar, some $20 million has been subcontracted, 
tly for developmental efforts in achieving
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t Pacific Semiconductors, Inc., for example, 
1,000 sq ft facility is being added for environ- 
ital testing equipment. Some 500,000 silicon 
les will be under test continually during the 
rse of the Minuteman contract.
he elaborate checking procedures on each 
: in the production process—starting with in- 
ling materials at the manufacturing plant 
it up to the placing of the part on a Minute- 
i circuit board—should isolate the major pres- 
causes of poor reliability, program contribu- 
igree.

t Wheeler Electronics Corp., Waterbury, 
>i., subsidiary of Sperry Rand Corp., for in
Ke, a reliability level 100 times greater than 
t for normal transformers is being sought.

(continued on page 6)
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RAYTHEON COMPANY

DIVISION

RAYTHEON 
WELD-PAK 
CIRCUIT 
MODULES

will help guide 

POLARIS 
to its target

Investigate the many advantages 
of custom or standard Weld-Pak 
high density circuit modules for 
your equipment design. Based on 
an MIT Instrumentation Labora
tory packaging concept, Raytheon 
Weld-Pak modules provide excep
tionally high reliability. For infor
mation please write Raytheon 
Company, Industrial Components 
Division, 55 Chapel St., Newton 
58, Mass.

RAYTHEON
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measure 

rf to 1000 me 

without 

replacing 

plug-ins

Beckma

ÍWT* MfT« t

TO 
1OOO Me

Model 7573 converter 
plus 7571 converter (at 
right) covers range 
of 220Me to lOOOMc. 
Model 7573: $500

TO 
220 Me 

Model 7572 con
verter covers 
range of 110 Me 
to 220Mc. $250

TO 
fiO Me 

Model 7571 con
verter extends 
lOMc counter 
range to HOMc. 
$250

‘A

all frequency extenders 

for 1OMc counter fit here 

and stay put

TOP CABINET is 
10 Me frequency 
counter.
Price $1875 as 
shown or $1675 
with vertical 
column display.

LOWER CABINET, 
housing frequency 
extenders and con
taining 2mv preamp 
for counter, is 
Model 7570 
Price $300

Various audio and power transformers, of open, 
vacuum-impregnated, epoxy encapsulated, aid 
potted types contained in metal cans will be 
stored at the Wheeler plant for 2,000 to 5,000 iJ 

—the exact figure has not yet been decided. Para 
meter shifts will be charted during this period, 
according to Frank Williams, engineering sec
tion head in electromechanical design at Sperry 
Gyroscope Co., and then the parts will J 
shipped to Autonetics. Another extended stop 
age period will take place at the California plant 
and further parameter shifts will be plotted 
This technique should give a good indication el 
the effects of shipping on deterioration of parts 
according to Mr. Williams.

farts a 
or atta

It’s all here in two easily-movable 
cabinets —a digital frequency
measuring system of wider range 
and lower price than any compa
rable equipment on the market. 
The counter in the top cabinet 
measures all frequencies from 10 
cps to lOMc. Heterodyne convert
ers—added to the bottom cabinet 
as you need them—extend range to 
HOMc, 220Mc or lOOOMc. «This 
provision for expanding the system 
simply and economically makes 
the equipment a wise long-term 
investment. Buy only the range 
you need now, rest assured that 
you can cover higher frequencies 
whenever need arises. • Accuracy 
is .00004% or better from 1 Me to 
lOOOMc. Sensitivity is unequalled: 
2mv from lOKc to 10 Me, lOmv 
to llOMc, 20mv to 220Mc and 
lmw to lOOOMc.

Information To Be Kept Under Wraps
The Air Force so far has not indicated that i 

will make the data gathered by component sup 
pliers available to industry in general. Informa 
tion on any reliability breakthroughs made dur 
ing the program will be available to agencies ol 
the Department of Defense and to those who can 
demonstrate “neeed to know,” according to in 
dustry sources.

It appears, therefore, that the companies in 
volved in the Minuteman program will gain a
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unique advantage in the pursuit of new reliabilitwollowt 
plateaus. Already some of the companies in thA revis 
program are beginning to incorporate some oAetwee 
the know-how being gained into their standarArst th
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product lines.
Dale Electronics, Inc., Columbus, Nebr., feels

WRITE FOR DETAILED TECHNICAL 
BULLETINS ON MODEL 7570 SERIES

Beckman Berkeley Division
Richmond, California YEARS

T27
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Packaging of component boards with parts soldered 
in place for shipment is illustrated. This interior package 
is wrapped in six sides with rubberized hair and 
packed in a larger exterior container.
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hat its efforts are already leading to improved 
eliability in its standard units. Dale is working 
n silicone-coated wire-wound power resistors— 
ypes RS5, RS2A, and RS 10—to achieve reliabili- 
y levels about 100 times greater than that of this 
/pe.
Corning Glass Works, Corning, N. Y., has al- 

eady delivered about 100,000 of its fusion-sealed 
lass capacitors types CYF-10 and CYF-15 for 
rototype and development use, and is using the 
xperience gained to boost reliability of conven- 
ional products.

The first is a complete Program Plan outlining 
n detail every step that will be made in produc- 
ng components and advancing reliability levels, 
he initial, or Preliminary Program Plan, will be 

ollowed in 90 days from contract signing with 
revised program including agreements made 

etween the supplier and Autonetics during the 
irst three month period. Tasks 2 and 3 involve 
locuments on production control specifications.

A failure analysis aimed at steadily raising 
eliability levels is the fourth task, and 5 and 6 
re the corrective action to be taken by the sup- 
)lier on production processes and process con- 
rols. Task 7 is an evaluation of this corrective 
ction.
Electrical parameters of the device being pro- 

hiced are tested under task 8 to provide the 
ollowing data: the distribution of each critical 
evice parameter; change in the distribution 
vith respect to time; failure rates of devices at 
accelerated environment; and acceleration fac
tor failure rate of the device.

The program organization showing names and 
job titles, responsibility and authority is the ninth 
task, followed by a requirement for a training 
program for all personnel associated with the 
program. Test equipment is specified under task 
11, and technical direction and monitoring by 
Autonetics is task 12. The assigning of a serial 
number to each part is covered in task 13, and 
the special handling and packaging requirements 
a e covered in task 14. Documentation for the 
e itire program is covered by task 15. ■ ■

OF THE

Newest additions to the Burnell Adjustoroid® SCREW
line, the microminiaturized Kernel ATE 84 and the miniatures ATE 11, ATE 0, 
ATE 4, represent an important contribution to printed circuit design.
These new Adjustoroids possess the exclusive advantage of flush-slotted heads 
which serve to eliminate adjusting screws — provide maximum economy of height 
— insure ease of adjustment. Besides high Q, they also offer high stability of 
inductance versus de.
The new microminiature Kernel ATE 84 and the miniature ATE 11, ATE 0 
and ATE 4 Adjustoroids are variable over a 10% range of their inductance. Fully 
encapsulated, they will withstand high acceleration and vibration environments. 
These Adjustoroids meet specifications MIL-T 27 Grade 4, Class R and MIL-E 
15305 A as well as MIL-E 5272 for humidity and thermal shock. Write for 
Adjustoroid Bulletin ATE-7.
SEND NOW FOR HANDY 24" x 36" TOROIDAL INDUCTOR WALL REFERENCE CHART

Lists more than 100 types of toroidal inductors and adjustoroids. Gives perform
ance characteristics, mechanical specifications, including case sizes, types of sealing, 
etc. Attach coupon to company letterhead. And if you haven’t already done so— 
send for your free membership in the Space Shrinkers Club.
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PIONEERS IN micromOF
TOROIDS, FILTERS AND RELATED NETWORKS Tolofypo 3433

lattoni Diviseti 
Dept. D-36 

10 Falham Forkway
Falhaia, N. V. 

PEIhaM I-5OOO

Facili« Oivltlan 
Dept. D-36 
720 Miuiaa St. 
South Fatodano, Cai.
MUrrey 2-2441 
Tatotyee Fatecal 7571

CIRCLE 7 ON READER-SERVICE CARD

Burnell & Co., Inc. Dept. D-36
10 Pelham Parkway, Pelham, New York
Gentlemen:
□ I am interested in your new universal 

toroidal reference chart.
□ I am interested in a Space Shrinkers Club 

membership.

name

title

company

address.
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Standard

Both Are 0.1 Mfd, 200V 
(shown actual size)

Electron Products 
Capacitor

Electron Products rectangular epoxy-tube capaci
tors with metallized Mylar* or paper dielectric are 
small in size... long on specs... short on price.

They meet or exceed most military environmental 
requirements of larger, more expensive hermetically 
sealed components... MIL-C-18312 and MIL-STD- 
202... humidity, temperature and immersion cycling, 
shock, vibration.

Typical Specifications Paper

operating temperature** 
insulation resistance at 25' C 

dissipation factor at 25’C 
test voltage

•♦higher with derating

-55° to 4- 125’C 
1,500 meg x mfd 
less than 1% 
1.5 x rated voltage

Mylar

—55’to 4-85*C 
10,000 meg x mfd 
less than 1%
1.5 x rated voltage

Special capacitors built to meet your particular 
requirements. Standard values are available for 
immediate delivery... capacitances as low as .001 
± 1%, up to 600 VDC rating.

Write for Electron Products engineering file ED for 
complete specifications, sizes, temperature charac
teristic curves.

ELECTRON PRODUCTS /V« «
division of Marshall Industries 11 U
430 North Halstead Street, Pasadena, California
* Trademark of DuPont 60037 © 1960 Marshall Industries

AF Seeks High-Sensitivity Accelerometers
Nuclear Gyros, Mossbauer Effect, 
Liquid Pressure Differences Studied

THE AIR FORCE is dusting off some 
■ old ideas, and at the same time turn

ing to some of the latest concepts in de
veloping instruments suitable for accel
eration measurements during low thrust 
space flight.

These highly sensitive instruments 
would be useful during orbital or inter
planetary stages of flight when extremely 
minute accelerations must be sensed, 
according to sources at Wright Air De
velopment Div., Dayton, Ohio.

Reaching to the past, WADD’s Navi
gation and Guidance Laboratory is 
studying the possibility of developing a 
precise pressure difference type accel
erometer using liquid filled crossed 
U-tubes. Best configurations and liquids 
are currently studied at the laboratory

under an in-house program.

ectric 
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Liquids of differing densities might »poles, 
used in such a system, separated by Ji *he d 
interface, so that accelerating ton J| that ( 
would have differing effects on th«iese or 
liquids. Either optical measurement ob> deca^ 
physical sensing of fluid levels might »aterial
used for detecting level changes. Unte co 

Inly shi 
pirate 
heasun 

been studying possible nuclear gyro on the 
scopes for some time. These woul ack an 
theoretically eliminate many of the drii leal gr( 
factors in conventional man-made gyro ave h 
and would also be suitable for sensini peasun

Nuclear Gyros May Eliminate Drift
Industry research laboratories hav

minute accelerations.
Each atomic nucleus spins, creating a 

electric dipole. Various forces cause pn

MOTION

))))))))))))))□))))))) 0

Instrumentation for observing nuclear resonance, with dials represent-
ing magnitude of readings on scintillation counters. When no resonance 
occurs because of relative motion between source and absorber, top, then 
the beam of photons from excited source causes a high reading on the 
counter behind the absorber and no indication on the counter to the side 
of the beam. When resonance occurs, bottom, much of the energy from 
the source is absorbed and reradiated, so that the counter behind the 
absorber has a lower reading and the counter to the side shows a reading.
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>ssim of the direction of angular 
Kjn.entum of the nucleus in a 
shion similar to the action of a 
»nventional gyroscope, and the 
ectric dipole is reoriented as a 
»suit of this precession. It is im- 
jssible theoretically to measure 
ie orientation of a single nuclear 
¡pole without disturbing this 

mentation. However, it is possible 
K measure statistically the orienta- 

on of a large number of nuclear
light b ipoles.

The difficulty with this technique 
force that over a long period of time 

on th iese orientations have a tendency 
nent o > decay randomly. By choosing a 
light b laterial with an appropriately long

ift
is hav

me constant, and measuring for 
nly short periods of time, an ac- 
urate short duration precession 
leasurement is possible. In opera- 

r gyro on the measurement would switch 
ack and forth between two statis- 
cal groups. Even though materials 
ave been found which can be 
Measured over several minutes

wouli 
he drif
e gyre 
sensing

{
ithout introducing meaningful er
rs, and switching times between 
ro statistical groups have been 
duced to a few microseconds, 
ere is still a certain amount of 

loise entered into the system due 
d switching.
Another problem in the nuclear 

;yro is the presence of spurious 
orques—such as thermal agitation 
ind interfering electromagnetic 
adiation. Even with operation 
lear absolute zero and some form 
)f shielding a certain amount of 
ystem noise is introduced by these 
actors. Extreme chemical purity is 
dso required to reduce noise fac-
ors, another severe requirement on

|his approach.

Mossbauer Effect New Approach
The latest concept being inves

tigated in the search for suitable 
)rbital accelerometers is the Mdss- 
Xiuer effect, recently discovered by 
R L. Mossbauer, a German physi
cist. If this effect can be instru- 
nented for a space vehicle it may 
tad to an accelerometer of unpar
alleled sensitivity. Up to this point, 
however, only laboratory devices 
h ive been operated.

The principle of nuclear reso-
CIRCLE 9 ON READER-SERVICE CARD >

I mmediately available 
from your Philco 
Industrial Semiconductor 
Distributor

PH ILCQ
far Quaâÿ (Ac TCoM Over

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA

✓

Philco
announces 
the only

MICRO-ENERGY SWITCH

the industry’s first’ 1

LOW ENERGY, HIGH SPEED
switching transistor

2N768 ... MICRO-ENERGY SWITCH ... TO-18 CASE

MAXIMUM RATINGS
Storage Temperature
Total Device Dissipation at 25° C .. 35 mw

10ü° C

CHARACTERISTICS MIN. TYP. MAX.
DC Current Amplification Factor, 

hFE (Vce= — 0.20 v, lc=-2.ma) 25 40
Collector Voltage, Vce

(lc = -2 ma, Is = -0.2 ma) .095 .13 V
Gain-bandwidth Product, It 

(Vce = 1 v. Ic = 1 ma) 125 175 mes

The Philco 2N768 is a new concept in the design of switching 
transistors for high speed computer logic circuits! All internal 
device capacities are exceedingly small . . . and its static char
acteristics are optimized for operation at low collector voltages 
and collector currents, ft permits the design of high-speed logic 
circuits with an overall power consumption only l/3rd to 1/lOth 
that of circuits with conventional transistors. It will operate at 
pulse rates in excess of 10 me with collector currents as small 
as 1 ma from collector supply voltages as small as 1 V.
This new micro-energy switch is of great importance in the 
design of ultra-reliable, high density, high speed equipment. In 
micro-energy circuits, the total device dissipation is reduced to 
an absolute minimum... 250 microwatts... a prime considera
tion in achieving maximum reliability. The 2N768 is an im
portant step toward microminiaturization . . . permitting high 
packing densities without excessive internal heat generation. 
For complete information write Dept. Eu-ti460.
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from
this

nance used in this approach has been knowi h 
several years, and a suitable measurement tecl 
nique has also been available. A previously ui 
controllable effect known as recoil has prevents 
the development of instruments however. Mos 
bauer’s work has overcome the recoil problen 
opening the door to the development of mai 
ageable devices.

Experiments in this country have been pei 
formed primarily with a radioactive cobalt-5 
source and an iron-57 absorber. As the cobalt-5 
decays it produces excited atoms of iron-5' 
which oscillate at a frequency of about 3 x 10 
cps with a half-life of about IO"7 sec. As thes 
excited iron-57 atoms drop to a stable, or grounc 
state they emit photons of a particular energ 
dependent on the energy difference between th 
two states, which is proportional to a particula 
frequency according to the principles of quail 
turn mechanics. When a beam of these photon 
is directed at the absorber material, contain in 
stable iron-57 nuclei, and resonance occurs, the 
the absorber will be raised to an excited stat 
and the absorbed energy will be re-radiated in a 
directions.
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with Tuf-Plate
The inset at left offers a visual comparison between out
dated eyelets and new landless Tuf-Ptate. Get the whole 
exciting Tuf-Plate story today — it’s likely that conven
tional or landless — Tuf-Plate can save you space, weight 
. . . . often at lower cost. Write Department A-1590, 
Photocircuits Corporation. Glen Cove, New York.

Miniaturization of 
electronic compo
nents put the pres
sure on circuitry to 
keep pace. Photo
circuits took up the 
challenge and

turned an idea into the space and weight saving reality 
of Tuf-Plate plated thru holes — reliably interconnecting 
conductor patterns on both sides of the circuit board. 
Where even greater component density is required — up 
to 50% — Photocircuits now offers printed circuit boards 
with miniaturized conductor patterns using landless 
Tuf-Plate — another first by P/C.

Arrangement of Instruments
Instruments for detecting absorption can b 

arranged as illustrated in the diagram. On 
scintillation counter is placed in line with th 
photon beam from the source material, and th 
absorber is placed between the counter and th 
source. A second scintillation counter is place« 
to one side of the absorber, at right angles to tbi 
photon beam.

When a nonresonant condition exists tin 
counter in line with the beam shows a high read 
ing, and no reading is indicated at the other in 
strument. When resonance occurs there is a shan
drop in the reading of the counter in line witl 
the beam due to the absorption, and a readins

Lathe was used at Argonne National Laboratory for 
Mossbauer effect experiments using iron-57.
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For complete specifications on Type 32 D COMPULYTIC 
Aluminum Electrolytic Capacitors, write for Engineering 
Bulletin 344-B to Technical Literature Section, 
Sprague Electric Co., 347 Marshall St., North Adams, 
Massachusetts.

ELECTRONIC DESIGN • September 14, 1960

The editors of Electronic Design would be 
more than happy to discuss further your pro
posed paper on analysis of transistor circuits. But 
is the contents of the paper so hush-hush that 
you couldn’t include a return address with your 
letter? Let us know so we can let you know.

now permit digital computer power supply filtering 
at operating temperatures to 85 C as standard. This is a full 
20 C higher than capacitors offered by other sources. 
COMPULYTICS will reduce your design headaches and 
cut down your cooling and ventilating problems.

COMPULYTIC Capacitors display extremely low leakage 
current, low equivalent series resistance, and have higher 
permissible ripple current values. Extended shelf life of 
3 years and more is another outstanding feature.

X Ratings up to 130,000^F at 2.5 volts or 630gF 
at 450 volts are skillfully packed into the largest standard 
case size of 3" dia. by 4%” high. Capacitor banks as large 
as 1 farad have been constructed, in relatively small space, 
using COMPULYTIC Capacitors.

* Because of their extremely high stability, COMPULYTICS 
are ideally suited for use in continuously adjustable voltage 
power supplies since they will not "deform” when 
operated for long periods at lower than rated voltages.

130.000 pF
2.5 VDC
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More Problems
Other problems face current researchers in 

instrumenting the effect—for example differences 
in the rate of change of temperature at the source 
and the absorber can cause enough relative mo
tion to prevent resonance.

Moving such a sensitive instrument from the 
controlled environment of the laboratory to an 
operating space vehicle offers severe difficulties. 
Accelerative forces would probably be sensed by 
locking either the source or the absorber to the 
vehicle, and allowing the other unit freedom to 
shift with outside forces. Spurious signals, such 
as vehicle vibration, temperature variations, and 
other effects may prove too significant for high 
precision readings.

If adequate solutions can be found, however, 
designers will have a valuable new tool for ac
celeration measurements. By choosing a material 
with the appropriate nuclear oscillating fre
quency and half-life, a more or less sensitive in
strument might conceivably be designed for par
ticular applications. ■ ■

will be indicated in addition on the counter at 
the side because of the reradiation of energy by 
the absorber.

Relative motion between the source and the 
absorber, even at extremely low velocity, will 
cause a slight doppler shift in the frequency 
reaching the absorber. Under ordinary condi
tions as a photon is emitted the nucleus simul
taneously recoils—which introduces such a dop
pler effect. This recoil, therefore, prevented 
resonance from occurring in early experiments.

Mdssbauers approach to overcoming this 
difficulty was to freeze the excited atoms into a 
crystal lattice, so that the recoil energy is dis
tributed over the lattice rather than causing re
coil of an individual nucleus. This, in effect, 
locks the nucleus in place so that resonance can 
be much more easily achieved.
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Accuracy Is Our Policy . . .

General Radio Company’s Pulse Generator 
1391-B has a 15-nsec rise time. The 50-nsec fig
ure given in ‘Russian Test Equipment and Ours” 
(ED, Aug. 17, 1960, p 51) was erroneously sup
plied by General Radio.

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE FILTERS • PULSE NETWORKS 

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES

compulytic 
capacitors
are now 

designed for 

85 C operation
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NEWSTHE AMCO MODULAR 
INSTRUMENT ENCLOSURE SYSTEM

CUSTOM

TWO COMPLETELY NEW LINES ADDED IN STEEL AND ALUMINUM TO GIVE 

3 COMPLETE MODULAR FRAME LINES IN ONE OVER-ALL SYSTEM

Amco Custom Line. Removable multi
panels and cowlings based on 19* incre
ments of width. Custom, single-unit ap
pearance for frames mounted in series — 
ideally suited for complex console ar
rangements. The 19'16* width of frame 
saves space in series mounting of frames. 
Constructed of double-channel 16 gauge 
cold-rolled steel. Conforms to EIA 
mounting standards.
Amco Semi-Custom Lino. Removable 
multi-width cowlings provide a semi
custom, single-unit appearance for 
frames mounted in series. Extra rugged, 
wide box-type channel frames provide 
greater internal mounting area. 19' wide 
panels of any thickness can be recessed 
— from a flush-mounted position to any 
desired depth. Box type channel con
struction of 14 gauge cold-rolled steel. 
Conforms to EIA mounting standards.
Amco Aluminum Lino. This system of 
aluminum box extrusions and cast 
corners allows easy assembly of cabinets 
in any size from 7* to 20' in height, 
width or depth. Corners and extrusions

D

lock together by hand with built-in lock
ing device. All sizes are standard. Ideal 
for stocking and odd-ball sizes. Cast 
and hardened corners of 356-T6 alumi
num as described in Federal Spec. 
QQ-A-596a. Extrusions of 6061-T6 
aluminum as described in Federal Spec. 
QQ-A-270a.
Amco Accessories. A full line of Amco 
integrated accessories such as blowers, 
chassis slides and mounts, lighting, doors, 
drawers, dollies and many more avail
able for A, B and C shown.
Cost savings. All the above —or any 
part thereof—may be ordered under one 
combined discount schedule base de
termined by order dollar value. Orders 
received at one time with one delivery 
date may also be combined. Free pre
assembly by Amco provides additional 
savings in time and installation.
3 week delivery on oil standard parts. 
We welcome inspection of our plant and 
facilities. Send for your free literature 
now.

Space Meeting Stresses Electronics
IAF Stockholm Congress Hears Papers 
On Global Satellite Monitor System

C LEGTRONICS and propulsion in 
“ space were the predominant themes 
of papers read by U.S. scientists at the 
International Astronautical Federation 
congress held recently in Stockholm.

A satellite traffic monitoring system, 
new techniques for re-entry communica
tions, ion propulsion systems, nuclear 
rockets, space ecology and NASA’s plans 
for higher thrust vehicles were included 
among the subjects discussed by Ameri
cans and the congress.

A worldwide satellite tracking and 
cataloging system to monitor the high- 
density satellite traffic expected to de
velop within the next few years was 
proposed by Peter R. Dax, radar engineer 
with Westinghouse’s electronics division. 
Mr. Dax predicted that about 1,000 man
made objects may be in orbit by the end 
of the decade and that it will be necessary 
to build a monitoring system capable of 
handling this traffic. Detection of new 
satellites, cataloging of existing vehicles 
and measurement of atmosphere densi
ties and earth shape by correlating orbit 
data from a large number of satellites 
would be among the objectives of such 
a system.

each pass.
Mr. Dax suggested that information 

should not be transmitted immediately 
to the central computer. Instead, position 
reports should be stored within the local 
computer to prevent transmittal of false 
indications caused by random noise, 
interference, meteor trails, and other ir
relevant sources. A five-minute storage 
period would permit the examination of 
successive target returns to confirm the 
validity of a track.
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Factory-trained representatives in an principal U.S. dties and in Canada

MNCO ENGINEERING CO 
7333 W. Ainslie Street, Chicago 31, Illinois
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Seven Radar Sites Needed
The proposed system would include 

seven powerful radar installations located 
about a great circle of the earth. Each 
radar would be served by a local com
puter and linked to a central computing 
station which would further analyze the 
data collected at each station. The radar 
installations should be capable of search
ing between altitudes of 100 to 1,000 
miles, where traffic is expected to be 
heaviest.

It was calculated that a satellite in this 
range of altitude will be within the sector 
of any one radar for an average of 5.5 
min. This would give a typical radar ten 
opportunities to detect the vehicle during

Reentry Communications Held Possible
Radio waves directed along the lines 

of the earths magnetic field could permit 
radio control and communication with 
vehicle reentering the atmosphere, ac
cording to Haeri Hodara, head of space 
communications for Hallicrafters. Mr. 
Hodara told the congress that these lines 
may constitute a window for low-fre
quency radio waves. Signals could be 
propagated along these lines with con
siderable reliability and set the pattern 
for an earth-space communications net, 
Mr. Hodara said.

Re-entry communications within the 
present state of the art are virtually im
possible because of the ionized air that 
surrounds a reentering vehicle. This 
plasma blocks communications for sever
al seconds at a time when the vehicle is 
extremely susceptible to loss of control.

Tracking systems accurate to within a 
few feet at 1,000 miles and able to meas
ure velocity to a few hundredths of a foot 
per second were predicted by Calvin R. 
Woods and Earle B. Mullen of GE’s de
fense systems department. “Rapid prog
ress in space vehicle technology requires 
advances in tracking systems which em
phasize accuracy and near-instantaneous 
data output,” the authors said.

Phase-controlled coherent transponders 
were suggested as one means to achieve 
the precise timing needed for accurate
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Measurements. Uncertainties in the speed 
f light, deficiencies in present surveying 
Methods, and atmospheric anomalities 
Mere cited as some of the obstacles to 
Me achievement of tracking accuracy.

■pace-Flight Costs to Be Cut
I Electric space propulsion systems in 
lie very near future were predicted by 
|)r. Ernest Stuhlinger, chief of the Re- 
learch Projects Laboratory of NASA’s 
liarshall Space flight center. Dr. Stuh- 
■nger told the Stockholm parley that arc- 
leated and ionic propulsion systems are 
Being developed rapidly enough to be 
light-tested in 1962. “Space missions may 
Ie flown from arc-heated systems from 
■bout 1963 on, and with ion systems from 
1964 on,” Dr. Stuhlinger said. He also 
kointed out that such systems would 
brove very competitive with chemical 
Impulsion on heavy freight missions in 
lear space and particularly so on deep 
Lace flights.
I Still another propulsion scheme de- 
leribed at the sessions involves a combi- 
iation of nuclear, thermionic, and ionic 
principles. In this system, described by 
Dr. R. H. Olds of Lockheed’s missiles 
Ind space division, several very small 
luclear reactors would heat thermionic 
renerators to supply electrical energy 
lor ion-beam propulsion engines. On a 
rip to Jupiter, Dr. Olds said, 110 lb of 
fesium vapor expended as fuel could 
hid a payload of equal weight.

Mong more conventional lines, Dr. 
pornher von Braun described plans for 
h< Saturn vehicle now under develop- 
h nt by NASA. Dr. von Braun indicated 
pat a round trip to the moon by chemi- 
•a rockets would require a vehicle with 
2 million lb of thrust at lift off. However, 
h s figure can be cut by refueling a 
h aller vehicle in flight. Orbiting tankers 
Ind cargo carriers now being designed 
h this purpose were described. ■ ■

TRANSISTORS 
REPLACED BY

SMALL SIGNAL SILICON “MESAS"

2N698 2N699

FROM FAIRCHILD
Improve your small-signal performance, simplify specifying, and get the inherent advantages of 
the Fairchild silicon mesa configuration - greater mechanical and electrical reliability; tighter con
trol of parameter spreads; minimal saturation resistance; high frequency capabilities.
Why carry twelve separate small-signal transistors and specifications in stock and on file? Just 
two types - the 2N698 and 2N699 from Fairchild - offer superior characteristics in every parameter.

SMALL-SIGNAL PARAMETERS, FAIRCHILD 2N698 AND 2N699 SILICON MESA TRANSISTORS.

lE=1mA, VC=5V, f=1 kc lE=5mA, Vc=10V, f=1 kc

MIN. MAX. MIN. MAX.

2N698-hfe

2N699-hfe

18

35

60

100

20

45
—

2N698 
and *

2N699

hib 20 30 ohms — 10 ohms

hrb — 250 x10 ‘ — 300x10 ‘

hob 0.1 0.5 — 1.0 a mho

545 Whisman Road / Mountain View. Calif. / Yorkshire 8-8161

A wholly owned subsidiary of
Fairchild Camera and Instrument Corp.
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40,076 Throng WESCON Exhibits
Most Products Subminiature; 
Parametric Transistor Shown

NEWS

T
HE “new look” at the I960 Western Elec
tronic Show and Convention was character
ized by the opening o£ the four-day meeting— 

there were no opening ceremonies.
Formal openings tie up hordes of engineers 

eager to get out onto the exhibit floor to check 
the thousands of products on display, so why not 
forget about the conventional formal show-open
er, reasoned WESCON officials. To give the 
show maximum value to the industry several 
other precedent-setting policies were instituted 
by this year’s WESCON managers.

Recruiting, for example, was banned by a 
gentleman’s agreement initiated by a letter sent 
to several hundred companies prior to WESCON. 
Total registration at the show was kept contin
ually up-to-date through the use of an auto
mated “people-meter.” Technical sessions were 
designed to stimulate spirited discussion of cur
rently unresolved technical problem, and work
shop sessions were built around topics that ap
peared to be worthy of extended discussion.

Results of these attempts at improving the 
show were not completely successful, but indica
tions are that further improvements can be ex
pected from some of these policies now that 
management has had a chance to see them in ac
tion during the Aug. 23-26 event.

The no-recruiting agreement was not followed 
to the letter. There were a few job-opening 
notices pushed under hotel doors, and a Cali
fornia Southland Career Center was operated 
at the Shrine Auditorium, not far from the Sports 
Ar^na. Show visitors agreed, however, that the 
little recruiting that took place didn’t detract

Lenkurt Electric's Vladimir Vodicka and Hughes Semiconductc 
Rainier Zuleeg (right) discussed new parametric transistor (see p I1

Lots of action, plenty of 
customers were standard 
throughout the four days 
of the largest WESCON 
yet. A record total of 
40,076 thronged through 
the exhibits, heard tech
nical papers, and, more 
than occasionally, com
plained about a sprawling 
layout and sore feet. But 
all in all, it was judged a 
success.

from the main business of the day—seeing the 
show and listening to technical presentations.

The people-meter, a registration counter with 
digital voltmeter readout prepared for the show 
by Non-Linear Systems, Inc., successfully auto
mated the old fashioned painstaking hand tally 
method. The counter finished the show with a 
grand total of 40,076 registrants.

There were some outstanding exceptions to 
this general evaluation. One session that led to 
some lively debate was entitled Stereo Multiplex 
Broadcasting. Papers covering the major multi
plexing techniques started off the session which 
then turned into a heated panel discussion.

Man-Machine Systems Top Topic
Man-machine systems gained more prominence 

at this year’s WESCON than at any previous 
major convention—probably reflecting current 
man-in-space programs and military stress on bio
instrumentation and bionics. Six of forty techni

cal sessions and four special workshops contr I 
buted to the information exchange.

Dangerous tariff trends were threshed over a 
a meeting of the Electronic Industries Associa 
tion’s Tube and Semiconductor Div. Germaniui 
diodes have been placed on the “offer” list of th 
General Agreement on Tariff and Trade, speakei 
pointed out. This means that the Governmen I 
can offer to lower tariffs on germanium diode 
in exchange for lower tariffs on other U. S. proc I 
nets shipped to the foreign country involved. I

Transistors might be added to this tariff li I 
at any time, the group was warned by Mar 
Shepard. Texas Instruments vice president.

On the Product Front
Few really new developments were shown A 

WESCON. Several companies showed miniatur I 
and microminiature components but most mam I 
facturers were content to exhibit “interimstage! 

microelectron ics.
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Centralab Model

different types

contact bounceconti

over

RT697M Microbloc 50-per-cent highei

Industrial quantities of the Model 7 are available for immediate delivery at factory prices from your CENTRALAB industrial distributor.

Centralab Canada Limited

ondurtc
>ee p 1!

Ajax, Ontario

Standard Tolerances: ±5% Wirewound, 
^20% Composition. Closer tolerances 
available upon request.

Size: 

encapsulated 23/64" x 19/64* x 1-11/32’ 
without encapsulation 5/16*x 1 /4*x 1-1 /4*

Phasolver (see p 19) measures angles to fraction of c 
second of arc, said Telecomputing Corp. Project engi 
neer Ray Dunwell.
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The Electronics Division of Globe-Union Inc. 
960J East Keefe Avenue • Milwaukee 1, Wisconsin

No contact bounce when vibration tested, 20-20,000 cps at 

30 g’s. loaded at 80% rated load, at 80% wiper travel, 3 planes, 

10 minutes each. Induced noise less than 10 millivolts.

own i
Ili.Lt .

mam 
nstam

ELECTRONIC SWITCHES • VARIABLE RESISTORS • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS
CIRCLE 14 ON READER-SERVICE CARD

Miniature transistors from Texas Instruments, 
Rheem Semiconductors, Sylvania, and Raytheon 
were a case in point. These transistors, while 
small and useful, are not in the “micro” class like 
the Pacific Semiconductors units announced in 
March or the Transistron and Hughes Aircraft 
development units. They were not designed for 
use with microcircuitry, but are aimed at the in
termediate, subminiature stage.

To recap the small transistors shown:
■ Iexas Instruments, a high-speed, silicon mesa 
unit with 1.6-w power dissipation. The company 
calls these devices ‘micromesas.” They were 
available in two types, TI450 and TI451, with 
guaranteed de beta ranges of 20-60 and 40-120 
respectively. The company also claimed 40 nsec 
turn-on switching time and 75 nsec turn-off. Mi
cromesa case size is 0.050 in. thick and 0.190 in. 
across, about a tenth that of the TO-18 package. 
• Rheem Semiconductor, silicon-mesa unit with 
3-w power dissipation. According to Rheem. the

powered version of the 2N697. As the name im
plies, Microblocs are manufactured as virtually 
solid blocks: a silicon crystal is embedded in a 
gas-tight, hermetically sealed welded block. 
Rheem asserts the Microbloc is mechanically 
more stable than any previous transistor, will 
withstand minimum 1,500-g shock and 20.000-g 
acceleration.
■ Sylvania Electric Products, a germanium alloy 
switching unit with a power dissipation of 0.1 w. 
The two “pancake transistors, SYL1986 and 
SYL1987, were to be electrically similar to the 
2N 404 and 2N338. Case dimensions are 0.070 in.

Shock: Less than 1% change in resistance 
with J AN-S-44 apparatus at 100 g, 5 shocks 
in each of 3 planes, Method 202A.

Meet or exceed all specifications of 

applicable MIL-STD 202-A, MIL-R-19A 

and MIL-R-94B tests.
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Resistances: Wirewound: 10-20-50-100' 
200-500-1K-2K-5K-10K-20K ohms. Com 
position: 10K-20K-50K-100K-500K, 1 Meg 
2 5 Meg.

DESCRIPTION MODEL
TERMINAL 

LEADS
RESISTANCE 

RANGE

POWER 
RATING 
(Watts)

MAXIMUM 
OPERATING 

TEMP.
ENCAP

SULATED

Gen. Purpose 
(Composition)

8A-701 Nylon or 
Teflon

10K to 2.5 Meg 0.250 50°C +125°C No

Gen. Purpose 
(Wirewound)

BA-702 Nylon or 
Teflon

10» to 20K 0 250 50°C +125°C No

Gen. Purpose 
(Composition)

BA-703 Printed 
Circuit

10K to 2.5 Meg 0 250 50°C +125°C Yes

Gen Purpose 
(Wirewound)

BA-704 Printed 
Circuit

10» to 20K 0 25050 °C +125°C Yes

Gen. Purpose 
(Composition)

BA-705 Nylon or 
Teflon

10K to 2.5 Meg 0 250 50°C +125°C Yes

Gen. Purpose 
(Wirewound)

BA-706 Nylon or 
Teflon

10» to 20K 0 250 50 3C +125°C Yes

Gen. Purpose 
(Composition)

BA 707 Printed 
Circuit

10K to 2.5 Meg 0.250 50°C +125°C No

Gen Purpose 
(Wirewound)

BA-708 Printed 
Circuit

10» to 20K O250 5O°C +125°C No

High Temp. 
(Wirewound)

BA-712 Teflon 10» to 20K 1.0 fe 70°C +175°C No

High Temp. 
(Wirewound)

BA-714 Teflon 10« to 20K 1.0 @ 70°C ’ +175°C Yes

High Temp. 
(Wirewound)

BA-716 Printed 
Circuit

10» to 20K 1.0 @ 70°C +175°C Yes



Need Refractory Metals In A Hurry? NEWS

FANSTEEL’S
NEW

WAREHOUSE
CAN SHIP

Within Hours!

OFF-THE-SHELF DELIVERY ON

K606

CIRCLE 15 ON

wire, rod, foil 
sheet, plate

bayonet heaters, 
heat exchangers, coils, 
thermowells, tubing

Now it’s easy for you to meet or beat produc
tion deadlines, prototype or pilot plant comple
tion dates. At right are just a few examples 
of the new Fansteel warehouse service which 
hundreds of manufacturers have already used.

Electrical Appliances:
.025” molybdenum wire needed rush 
.. . ordered in late afternoon . .. 
Fansteel shipped following morning 
... delivery ahead of time.

Electronic tube manufacturer:
urgent need for 7 molybdenum cru
cibles for new facilities... Fansteel 
warehouse shipped same day.

Rocket engine prototype:
an unexpected change with tests due 
to start in 3 days... a call to Fansteel 
... warehouse shipped tungsten sheet 
within 4 hours, delivery to customer 
next afternoon.

ELECTRONIC DESIGN • September 14, I960

Chemical pilot plant:
new construction order for 36' tapered 
condensers, l"xl8" single tube bayonet 
heaters, assorted tantalum screws 
shipped complete same day received.

Write to Metals and Fabrication Division for your copy of 
the Fansteel Warehouse Price and Stock List. ..or contact your 
local Fansteel representative.

thick and 0.230 across. Power dissipation of both 
units is about 0.1 w at 25 C.
■ Raytheon Manufacturing Co., rf silicon-mesa 
units with case size a quarter that of the TO-18.

Several companies showed vacuum-deposited 
microcircuits and boasted an improvement in 
yield, but had not yet learned to vacuum-deposit 
active elements or diodes.

According to Dr. William B. Wright, Jr. of 
Electro Optical Systems, Pasadena, Calif., who 
chaired a panel session on microelectronics, the 
transistors, no matter how small, is still a stan
dard component. It has leads that must be at
tached to the circuit.

Also many other products, plus complete 
processing service, technical assistance.

HIGH TEMPERATURE 
METALS

Tantalum Chemical 
Plant Equipment

Tantalum
Tungsten 
Molybdenum 
Columbium 
Refractory Metal Alloys

Four-Kmc Transistor in Prototype
One of the most startling revelations at 

WESCON was the announcement of a transis
tor developed at Hughes Semiconductor Div., 
designed to operate in the parametric mode at

FANSTEEL METALLURGICAL CORPORATION
NORTH CHICAGO, ILLINOIS, U.S.A. 

READER-SERVICE CARD

Westinghouse Monoliths Sold
In line with Dr. Wright’s comment, Westing

house Electric joined Texas Instruments as sup
pliers of integrated functional blocks. Unlike the 
TI etched-circuit modules announced in March, 
however, the Westinghouse solid circuits are said 
to be true monolithic molecular electronics.

According to Westinghouse, five types of 
blocks, ranging from multi-level amplifiers two 
to three week delivery at prices from $300 to 
$400. Now available are:
■ Two-Stage Amplifiers. These have an asserted 
current gain of 500 and a power gain of about 
45 db. Output current is from one to two amps. 
■ Three-Stage Amplifiers. Specifications are 
similar to the two-stage; but current gain is in
creased to 10,000.
■ Bistable Multivibrators. Operating freguency 
is up to 500 kc for this cross-coupled type.
■ Trinistor Switches. These multiple transistor 
switches are 10-position, three-terminal pnpn 
units. Acceptable operating conditions are 100 v 
and 50 ma.
■ Pulse Generators. Operate in the 100-kc range, 
with pulse widths said to be less than 1 usee.

Other functional blocks still in development 
by W estinghouse include high-impedance and 
very-high-impedance low-level amplifiers, a notch 
filter, and a broadcast-band tuned amplifier. 
Computer blocks in development include a tun
nel-diode bistable multi-vibrator, cross-coupled 
analog and pnpn type astable multivibrators, and 
an analog multiplier. A ten-position switch fab
ricated by dendritic techniques will also be of
fered in future.
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All solid-state components, available from Philco, 
make up this 5-mw, 2.2-kmc generator, shown at WES
CON booth by Philco engineer Charles S. McCarthy, By Harvey J. Finison 

General Manager 
Semiconductor Division 
Raytheon Company

A progress report of importance to 
everyone concerned with electronics quality

How Reliable
Are Semiconductor

Reliability
Ratings?

4 kmc. Hughes showed it working at 10-per-cent 
efficiency in a mixer-oscillator circuit.

According to Hughes physicist Rainier Zuleeg, 
the transistor now being readied for production, 
may’ soon produce 10 kmc with a minimum of 10 
per cent efficiency. The Hughes transistor is re
portedly the first ever designed to operate in the 
parametric mode at such high frequencies—two 
to five times higher than those heretofore con
sidered the limit for commercial transistors.

Significance of the development: it could re
place parametric amplifiers, which are now costly 
and tricky to operate.

Key to the success of the parametric transis
tor is a circuit designed last fall by Dr. Vladmir 
W. Vodicka of Lenkurt Electric Co.’s Advanced 
Development Group. The mixer-oscillator circuit 
is said to extend the performance of transistors 
so they develop useful gain well beyond their 
normal cut-off. It also reduces inherent noise to 
low levels.

“Even with mesa transistors,” Dr. Vodicka told 
Electronic Design, “frequency response is 
limited by the geometry. Major limitations are 
the capacitances inherent to pn junctions. These 
are proportional to the junction area—reduction 
in size helps, but on the other hand militates 
against power dissipation.

“LTp to now the practical limit of commercially 
available transistors has been a maximum oscilla-

“Everybody talks about reliability, but nobody does much about it,” a 
customer’s Quality Control Engineer told us recently.

There’s just enough truth in this generalization to cause misunder
standing and confusion, particularly where semiconductors are con
cerned. We’d like to set the record straight.

Here Are the Facts
First, plenty is being done about reli
ability. We can’t speak for the indus
try, but here at Raytheon Semicon
ductor we’ve made tremendous strides. 
Whether you’re talking about the 
whole field of reliability assurance, or 
narrower aspects such as statistical 
quality control or environmental test
ing, or specific quantitative data for a 
whole product group ... we have the 
facts down in black and white.

For instance: for some time we have 
been operating a reliability assurance 
program that we believe is unique in 
the semiconductor industry. It takes a 
26-page report just to cover the scope, 
methodology and results of the pro
gram. We place 270 devices on life test 
each working day, and we have on test 
at any one time approximately 12,000

units. Interested in further details, and 
in the results that are shaping up? 
Write for “How Reliability Assurance 
Is Generated and Maintained,’’ by R. E. 
Pratt, our Manager of Reliability En
gineering.

Plenty of Specifics
We have plenty of specifics to back up 
this basic analysis. Since perfect qual
ity is prohibitively costly, acceptable 
quality should be determined on a sci
entific basis. While this is not a simple 
matter, it can be done. How this can be 
accomplished is spelled out in a stimu
lating new paper, “A.Q.L.—What Is 
It?” by J. Gilbey of our Quality Con
trol Engineering section.

And as to detailed data on individual 
types of products — we have still an
other thoroughgoing analysis by R. E. 
Pratt covering the results of 7,000,000

transistor hours of life tests on our PNP 
germanium alloy transistors.

Plenty of Progress
As this interim report indicates, there 
is plenty of progress to report on the 
complex subject of reliability. Not the 
least controversial aspect of this prob
lem is the reliability of the ratings 
themselves. It is evident that test con
ditions, specifications, and all relevant 
parameters must be defined precisely in 
order for the figures to have meaning.

The Raytheon Semiconductor reli
ability program is a continuing pro
gram. As we see it, by the very nature 
of our business, it’s a task that will 
never be completed. For that reason we 
plan to bring you periodic interim re
ports—such as this one—and to pub
lish detailed papers as often as the 
results warrant. Your inquiries and 
comments are invited.

SEMICONDUCTOR DIVISION
RAYTHEON COMPANY • Silicon and Germanium Diodes and Transistors • Silicon Rectifiers • Circuit-Paks
ENGLEWIXID CLIFFS, N. J.. I Dwell 7-4911 (Manhattan Phone, Wisconsin 7-6400) »BOSTON. MASS., Hillcrest 4-6700 • CHICAGO, III., NAtional 5-4000 
LOS ANGELES, CAL., PLymouth 7-3151 • ORLANDO, FLA., GArden 3-0518 • SYRACUSE, N.Y., HOward 3-9141 • BALTIMORE, MD., SOuthfield 1-0450 

CLEVELAND, O., Winton 1-7716 • DETROIT, MICH., TRinity 1-1710 • SAN FRANCISCO, CAL. (Redwood City), EMerson 9-5566
CANADA: Waterloo, Ont., SHerwood 5-6831 • GOVERNMENT RELATIONS: Washington, D.C., MEtropolitan 8-5205
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RELIABILITY

with Honeywell
die schematic.

Power Transistors

on S Maximum reliability ne

• Smaller size per watt output

• Rugged, thermally efficient stud mounting

Honeywell Semiconductor Products Sales Offices

Honeywell Semiconductor Distributors

Electronic Supply Co. 

Melbourne, Florida 

PArkway 3-1441

Kierulff Electronics, Inc. 

Los Angeles, Calif.

Richmond 8-2444

Kimball Distributing Co. 

Salt Lake City, Utah 

EMpire 3-5813

Electronic Supply Corp.

Battle Creek, Mich. 

WOodward 5-1241

Peerless Radio Distributors, Inc.

Jamaica, New York 

JAmaica 3-3456

Electronic Industrial Sales, Ina 

Washington, D. C.

HUdson 3-5200

Stark Electronics Supply Co.

Minneapolis, Minn.
FEderal 6-9220

Summit Distributors, Inc 

Buffalo, N. Y.

GRant 3100

Flight Electronics Supply Corp.

Inglewood, Calif.

ORegon 8-5122

Allied Radio Corp.

Chicago, III.

HAymarket 1-6800

DeMambro Radio Supply Co.

Boston, Massachusetts 

ALgonquin 4-9000

T. F. Cushing, Inc. 

Springfield, Massachusetts 

STate 8-7341

Pioneer Electronic Supply Co.

Cleveland, Ohio

Superior 1-9411

Elmar Electronics 

Oakland, Calif. 

TEmplebar 4-3311

Contact Electronics, Inc.

Dallas, Texas 

Riverside 7-9831

C & G Electronics Co. 

Seattle, Wash.

MAin 4-4355

Honeywell offers a com

Westinghouse functional blocks arc (left to right): 
multiple trinsistor switch, high-level two-stage amplifier, 
high-level three-stage amplifier, pulse generator, and 
bistable multivibrator.

Atlas Electronics, Inc. 

San Diego, Calif.

BRoadway 4-3131

trolled by Cp.
Stringent requirements art* im

tive reactance.
An inductance, I.
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Busacker Electronic Equipment, Inc.

Houston 19, Texas 

JAckson 6-4661

tion frequency of about 1 kmc and 30-to-50-mw 
¡lower dissipation. These were the 2N700 and 
2N502 transistors.”

The basic Vodicka circuit is an oscillator. Input 
and output are ISO deg out of phase and loop 
gain is unity or greater. Feedback to accomplish 
this is applied through Cf in the circuit drawing. 
This loop reflects the input impedance back into 
the output, the tuned circuit effectively sees a 
negative impedance in the region of operation. 
Input Z is negative and equivalent to a capaci-

transistor in the Vodicka circuit: during current
tuning of the input, the oscillation must be main
tained. “These oscillations are met by only a very 
few existing high-frequency transistor types,” Dr. 
Vodicka said.

Dr. \ odicka and Hughes Semiconductor’s Mr. 
Zuleeg have been working together since Feb-

UNION, NEW JERSEY • WASHINGTON, D. C. • BOSTON, MASSACHUSETTS • LOS ANGELES, CALIFORNIA • CHICAGO, ILLINOIS 

TORONTO, ONTARIO • OTTAWA, ONTARIO • MONTREAL, QUEBEC • GENERAL SALES, MINNEAPOLIS, MINNEAPOLIS

germanium, PNP transistors (1 to 100 
watts), 1 to 30 amperes. Many to MIL 
specifications. For immediate delivery, 
call your authorized distributor listed 
below. For application assistance or 
production quantities, call your nearest 
Honeywell sales office.

the usual input blocking resistance in the con
verter circuit and a second resonance circuit with 
Ld and Cn was added in the collector.

The transistor is oscillating at a frequency FL— 
smaller than Fmnr of the transistor—which is de
termined by tuning the tank and C^. Transis
tor input is then current-tuned, according to Dr. 
Vodicka, to give maximum conversion gain for 
the frequency Fs, of amplitude V5. T he amount 
of feedback—therefore conversion gain—is con-



tors, Inc

2N1501, 2N1502

2N538, 2N538A

r

2N1658

3N49, 3N5O, 3N51, 3N52

li

2N1261, 2N1262, 2N1263
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Important New Developments!

New Power Transistors
3N49, 3N50, 3N51, 3N52: Power tetrodes in a new, single- 
ended, cold weld package mechanically interchangeable with 
TO-6 case. 12 ampere, 75 watt at 25°C., 60 and 80 volts Vcb. 
Tetrode design provides exceptional gain linearity. Circuit sta
bility achieved through control of leakage current. Electrically 
identical with 3N45, 3N46, 3N47 and 3N48 double-ended 
tetrodes.

2N1658, 2N1659: New medium power general purpose units 
in stud mounted, cold weld packages less than V/' in diameter and 
with flexible leads. Gain specified at 1 ampere, 15 watt at 25°C., 
80 and 60 volt Vcb. Suitable for pulse amplifiers, switching, 
servo and audio amplifiers. Frequency response, low leakage 
characteristics and small package are unique in this power class.

Higher Voltage at new low prices!

2N1261, 2N1262, 2N1263: Vcb now 80 volts (alpha unity of 
25 volts). 3.5 amperes, 32 watt at 25°C. Typical applications in
clude power conversion, voltage regulation switching and servo 
amplifiers.

Special Price Reductions

2N538, 2N538A: High quality power transistors now at less 
than half former prices. 3 5 amperes, 32 watt at 25°C., rated at 80 
volts Vcb. (alpha unity of 60 volts.) Designed for high power 
amplifiers (servo and audio), power converters, voltage regulators 
and switching circuits.

2N1501, 2N1502: Lower voltage units now in the lower price 
range. 3.5 amperes, 32 watt at 25°C., Vcb of 60 and 40. Ideal for 
servo amplifiers, power conversion, switching and other com
mercial applications where cost is vital. Now priced at 6^ to 
7^ per watt of power dissipation.

C.G. *20lq V0 &b]

Vs

Circuit designed by Dr. Vodicka varies entire input 
impedance of parametric transistor for high-efficiency 
amplification.

>ly Co. I
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® ÛC 

MMiratu SINCE 1885

ruary to increase the performance of the circuit 
and have tested a number of microalloy diffused 
transistors. The new Hughes transistor modified 
to favor parametric operation, “has consistently 
produced excellent uhf and microwave opera
tion,” said Mr. Zuleeg.

Solid Microwave Sources Unveiled
Two semiconductor microwave power gener

ators were on display at the Sports Arena. First, 
a solid-state 1000-mc generator that reportedly 
delivered 11 w of rf power was described at a 
technical session by G. Luettgenau, M. V. Duffin, 
and P. H. Dirnbach of Pacific Semiconductors, 
Inc. Electronic Design learned that the circuit 
described in this paper had been improved (see 
circuit diagram). The solid-state devices used in 
this circuit, all immediately available from PSI 
are two vhf power transistors, and four high-Q 
voltage variable capacitors.

Second power source was Philco Corp.’s Lans
dale Div. S P-801 unit, said to deliver 5 to 10 mw 
at 2,200 me. It consists of three sections: a tran
sistorized oscillator—amplifier followed by fourth 
and fifth harmonic amplifier stages. Two transis
tors and two varactor diodes available from 
Philco are used.

A pair of printed-circuit disks 9 in. in outside 
diameter measured angles with 6 sec accuracy 
and ±0.324 sec resolution at Telecomputing 
Corp.’s exhibit.

The Phasolver (see picture, p 15) a product of 
Telecomputing’s Electronic Systems Div. con
verts small mechanical motions to large electrical 
phase shifts with such accuracy that Société 
Genevoise d’Instruments de Physiques Precision 
Rotary Table for Angular Measurements couldn’t 
identify any error.

According to Telecomputing’s Ray Dunwell, a 
30-in. disk phasolver currently under develop
ment will measure angles with an accuracy of a 
fraction of a second of arc—something even the 
National Bureau of Standards cannot do, using 
optical techniques. One second is 1.296 mil
lionths of a circle. ■ ■
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Methods used to feed radar,
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time, 
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Computer designed by Remington 
Rond Univoc's Military Div. for Naval 
Tactical Data System.

tracto 
tem, I 
board

For video-bandwidth phenomena

Radar, for instance, can now be tape recorded off receiver and 
played back repeatedly to scopes, analytical devices or radar 
guided equipment. Radar testing, reconnaissance and tracking 
are enormously aided by tape’s live-playback capabilities. And 
for simulation and training, elusive transient phenomena now 
become repeatable at will.

For predetection recording and communications monitoring 

The recorder’s bandwidth catches everything at once —any 4- 
megacycle band of radio frequencies or the IF stage off a tele
metering receiver. This simplifies on-site equipment. One kind 
of recording serves for ail usual types of communications and 
telemetered data. Later you can play back through detector, 
discriminator and other equipment as many times as necessary 
to separate and process the desired channels of information.

which operates

The essential data
The Models: AR-300 Mobile or airborne record only; FR-700 
single-rack laboratory record/playback. Response: 10 cps to 
4 me (±3 db). Tape speeds: 12'/2 and 25 ips. Playing time: 
60 minutes. Tape: 1.0-mil Mylar, 2-inch width, lO’/j-inch reels. 
Data tracks: two wideband plus two auxiliary. Electronics: all 
solid state. Environmental (AR-300): 10g vibration; 50,000 ft. 
alt.; —54°C to +55°C. Tape interchangeability: yes, among all 
AR-300/FR-700 recorders.

For 5,000.000 binary bits per second

Super-efficient acquisition and reduction systems can be devel
oped around serial pulse-coded data put directly on tape. One 
reel lasts 60 minutes — holds over seven billion binary bits. 
Compare this with previous PCM techniques on tape limited to 
less than 1,000,000 bits per second even at much higher tape 
speeds and proportionately shorter recording time.

How to use a 4-megacycle instrumentation tape recorder
Ampex’s new AR-300 and FR-700 answer a whole new range of needs

Write for full information

AMPEX DATA PRODUCTS COMPANY
Box 5000 • Redwood City, California • EMerson 9-7111
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Navy Data System 
Prototype in Operation 
Univac Unit at Center

Automatic collection, processing 
and display of tactical data along 
with recommended courses of ac
tion are provided by a Naval Tacti
cal Data System which has just 
reached operational status.

Central unit of the system is a 
Univac Advanced Navy Computer
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and other data directly into the 
computer are classified, a Reming
ton Rand spokesman told Elec
tronic Design. Communication 
ierrs, submarines, or atomic ships 
in a task force can be accomplished 
using a data transmission system 
developed by Collins Radio Co., 
Cedar Rapids, Iowa. Tactical data 
is displayed for unit commanders 
using special tubes and other de
vices developed by Hughes Air
craft Co.

Several prototype systems are 
now in operation, and the Navy 
hopes to install the system on all 
future combatant vessels, and to 
provide existing ships with retrofit 
systems, according to a Remington 
Rand source.

The data systems can be used on 
cruisers, destroyers, aircraft car-
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■riers, submarines, or atomic ships 
Iof the future.
I The Univac computer, which is 
¡packed into a case measuring 3 x 
13 x 6 ft has a 1 million bit memory 
with a 2.5 psec average access time. 
Germanium transistors and mag
netic cores are used in the unit. 
Germanium transistors are used 
despite the high ambient tempera
tures sometimes experienced aboard 
ship because of the high reliability 

'experienced with the Athena com
puter used with the Titan missile, 
according to a Remington Rand 
spokesman.

The ruggedized shipboard ma
chine will be cooled, and parts are 
being hermetically sealed and 
potted in epoxy, it was added.

Remington Rand Univac’s Mili
tary Div., St. Paul, systems con
tractor for the Tactical Data Sys
tem, has been working on the ship
board computer since 1955. ■ ■

Radar Under Test for Zeus

Eerie view al Sperry Gyroscope’s Great 
Meek plant shows radar transmitter for 
he Army's Zeus anti-missile system un
der test. In the foreground is the high- 
□ower klystron; transmitter cabinets are 
n the background. Prior to shipment, 
he equipment is checked for output, 
»lability and fidelity. The Army Ord
nance Missile Command directs the de
velopment of Zeus, with Western Electric 
Co. as prime contractor.
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Vital to your design orbiti

PiiUSIOH-DKAWN

CLOSURES
Precision Standard Tooling makes the Difference — The HUDSON line provides complete 
versatility for the designer/engineer. The industry’s widest range of round, square 
and rectangular closures supplied with dozens of modifications to meet unusual 
applications. Standardized designs assure fast delivery and precision quality — 
every time! All finishes available on components of mu metal, nickel-silver, 
aluminum, brass, copper, stainless steel and steel. Call or write for quotations.

Available 
faster than

I FAST!

Hudson Tool & Die Company • Inc
18-38 Malvern Street, Newark 5, New Jersey

Precision Metal Components for Electronics, Nucleonics, Avionics and Rocketry

Telephone: MArket 4-1802 
Teletype: NK 1066

Ask for the 
HUDSON 
CATALOG 
— contains 
complete data 
on HUDSON 
Standard 
Closures 
including MIL 
types. Please 
make request 
on company 
letterhead.
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We’ll 
deliver beckman® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days.

Fact is, quick delivery and customer 
service go along with every beckman 
meter... voltmeters, ammeters, milliam
meters, and microammeters... in sizes 
ranging from 2^" to 4^".

Best of all, they are excellent meters 
...and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters.

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved.

Beckman Helipot
POTS : MOTORS : METERS

Helipot Division of £ gQ 3
Beckman Instruments, Inc. ? years *
Fullerton, California "^5.

Ephraim Kahn

ANTI-KICKBACK LAW has been extended to all negotiated 
contracts. The original anti-kickback act was passed 
in 1946. Since then, according to the General Account
ing Office, "new types of negotiated contracts have been 
devised to meet the specialized and complex procurement 
problems of the government." Penalty for violation of 
the law is a fine of up to $10,000 or imprisonment for not 
more than two years, or both.
ECONOMY SHOULD BE THE WATCHWORD of defense contractors, 
says Cecil P. Milne, the navy’s Assistant Secretary for 
Materiel. He says that Congress and the public at large 
have "a general feeling of apprehension" that the mili
tary has "not been doing an adequate job of management." 
Saying that the military services are constantly trying 
to tighten buying procedures and obtain tougher compe
tition, he asks whether industry is doing all that it 
can. He warns that changing conditions in different 
industries may alter the "reasonableness" of a cost, and 
urges that "questionable or unnecessary fringe ex
penses" be pared to the bone.
SMALL BUSINESS SET-ASIDES will be increased by the Arm^, 
though some complaints have been received from medium
sized firms that the set-aside program is keeping them 
from getting business. In fiscal 1960, the Defense De
partment figured on a set-aside program of $974 million, 
and actually awarded $781 million worth of contracts to 
little companies. The Army’s technical services have 
been told to take the initiative in setting aside 
contracts for small companies without waiting for 
intervention by representatives of the Small Business 
Administration. They are also to continue to make 
future set-asides for items which have been handled 
under this procedure in the past.
CHANGES IN MILITARY BUYING RULES have been urged by the 
Senate Armed Services Committee. One major suggestion 
— that formal advertising be used whenever practicable 
— is believed to have been satisfied by recent changes 
in the Armed Services Procurement Regulation. The com
mittee also would like the military to change its regu
lations governing incentive contracts to exclude from 
the target cost any excess amounts that can be attrib
uted to inaccurate cost data.
IMPACT OF IMPORTS on American producers should be cush
ioned by government aid, according to the Senate Small 
Business Committee. The electronics industry has been 
one of those that has complained to the government that 
it is suffering from extensive import competition.
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hcng other things, the group suggests that the govern
ment should continue efforts to secure international 
jooperation to prevent exploitation of pirated American 
iesigns and ideas. As direct help to injured indus- 
ries, the group would institute specific federal pro
-ams for firms and communities hard-hit by imports.

RIGHTER CONTROLS OVER ARMY R&D has been given to Lt. Gen. 
Erthur G. Trudeau, its Chief of Research and Develop
ment. His control will be exercised through the chiefs 
If the Army’s technical Services. Objective of the 
Lhange is speedier decisions. Trudeau, "under the func- 
lional policy supervision" of Richards. Morse, Director 
If R&D, will be responsible for "planning, coordinating, 
(directing, and supervising" all the Army’s research, 
[development, test and evaluation, including control 
over disposition of funds. Army Secretary Wilver M. 
Brucker says this will "greatly strengthen authorita
tive direction of research and development matters. "
DIMINISH PATENT PROTECTION is implied in a recent change 
to the Armed Services Procurement Regulation. It re
flects adoption by the Defense Department — after con
siderable protest—of a position taken by the General
Accounting Office. The GAO had 
that an item is patented does 
through negotiation instead of 
¡Now, the ASPR has been changed 

held that the mere fact 
not justify buying it 
by formal advertising, 
to caution that awards

¡cannot be negotiated "merely because the item to be 
■bought is patented." Under formal advertising a stand- 
lard patent indemnity clause is put in the final contract. 
■ This is supported to provide recourse for the owner of 
[the patent. As a result, contracting officers are ad- 
Ivised that the low bidder must get the contract "even 
[though not the patent owner of Licensee, if otherwise 
■responsive."
I QUALITY-CONTROL REQUIREMENTS for "complex supplies" 
¡have been noted in the Armed Services Procurement Regu
lation. With some exceptions, future pacts for such 
items will require the contractor to provide "a quality 
control system acceptable to the government." In gen
eral, military specifications MIL-Q-9858 will satisfy 
the need for such control. Standard commercial items 

I are exempt from this quality control system requirement, 
as are products which are being purchased under such 
stringent specifications as to insure that necessary 
quality control standards and inspections be observed. 

LISTS OF FIRMS interested in doing R&D for the Defense 
Department are being mechanized as a part of the mili
tary’s efforts to throw more business to little com
panies. The Signal Corps’ Research and Development 
Laboratory expects to have its mechanized list of R&D 
sources ready very soon. In about five months, the Bu
reau of Naval Weapons (which places about 70 per cent of 
:he Navy’s R&D contracts by dollar value) hopes to have 
i comparable project completed. The Air Research and 
Development Command will have its headquarters list 
nechanized by mid-October. All ARDC purchasing branches 
should have a similar set-up by the end of the current 
fiscal year.
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At Magnetic Controls Company, where power supply 
reliability is sacred, design engineer^ selected G-V 
Red/Line Thermal Relays over all others. According to 
Magnetic Controls, “The timing cycle does not change 
with ambient temperature change ... a characteristic 
which is essential for maximum performance...” They 
have used the recognized quality of Red/Line in 13 
different models of their power supplies without a single 
relay failure. That’s reliability! So, at Magnetic Controls, 
the high quality of G-V Timing Relays is “paying off”. 

More and more companies are finding the reliable per
formance of G-V Red/Line Timing Relays makes them 
best for their products. G-V Red/Line Relays will pay off 
in your product, too. Your customers appreciate the 
importance of high quality, reliable components. G-V 
Red/Line Timing Relays are specially designed for 
industrial applications. They have the precision, relia
bility and long life needed to “pay off” in industrial use.

Your G-V distributor has them in K 
stock now. Call him or write 
for Bulletin 131 today. ¿J y
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airborniurement. instrumentation
weather-reconnaissance systems,

This policy is stated
found in every issue of ELECTRONIC DESIGN.

ELEC

NEC October Meeting in Chicago 
Will Feature Exhibit, 100 Papers

Concerning advertising, the magazine re
quires that a manufacturer substantiate a 
claim if it is questioned by a reader, and 
reserves the right to reject the advertising 
if the claim is not proved.

6th RFI Autumn Conference 
Is Scheduled for Oct. 4-6

NBS 
OfS

ELECTRONIC DESIGN places the re
sponsibility of accuracy upon its own 
shoulders. But you can help, too, by 
reporting any misstatement found in its 
pages. We encourage you to do so.

ference chairman. Inquiries concerning 
ference should be addressed to Robert 
conference secretary, Armour Research 
tion, 10 W. 35th St., Chicago 16, Ill.

the con 
Brausch 
Founds
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Strongly supporting its policy, ELECTRONIC DESIGN takes exacting care to check 
the validity of the editorial material within its covers. All articles are thoroughly 
checked and re-checked before publication. If an error does appear, immediate steps 
are taken to rectify it, and when possible, it is corrected in the very next issue.

tion, 
locati 
stand

The 1960 National Electronics Conference will 
be held at the Hotel Sherman in Chicago on 
October 10-12.

Approximately 100 papers will be presentee 
covering these typical areas: instrumentation and 
telemetry, masers, parametric amplifiers, plasinj 
research, radar and radio navigation, radio 
astronomy, space electronics, and communications 
and navigation.

Radio 
Burea 
tories 
solar <

ACCURACY POLICY
Recognizing the power of the printed 
word to influence, it is ELECTRONIC 
DESIGN’S policy:

To make all reasonable efforts to 
insure accuracy of editorial matter.

To publish promptly corrections 
brought to our attention.

To not knowingly publish mislead
ing advertisements.

To reserve the right to refuse any 
advertisement.

Readers noting errors or misstatements of 
facts are encouraged to write the editor.

Electromagnetic interference problems will bi 
the topic of discussion again this year at the Sixt 
Conference on Radio-Interference Reduction am 
Electronic Compatibility. The conference will bi 
held at the Museum of Science and Industry Ov 
tober 4-6 in Chicago.

Jointly sponsored by the three military services 
the conference is conducted by Armour Researci 
Foundation in cooperation with the Institute o 
Radio Engineers professional group on radio fre 
quency interference. Included in the program wil 
be sessions on design and measurement tech 
niques and problems of civilian and military alike

Stanley I. Cohn, assistant director of electronic 
research at Armour Research Foundation, is con

It is through such dual guardianship—readers and editors—that ELECTRONIC 
DESIGN guarantees highest reliability and detailed coverage.

son, \ 
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ELECTRONIC DESIGN maintains a 
policy which demands accuracy . . . accu
racy on which its 36,000 readers have

Instrument-Automation Meetings 
Slated for N.Y.C., Sept. 26-30

The Fall Instrument-Automation Confer« nci 
and Exhibit of the Instrument Society of Amt ric 
will be held in New York during the week o 
September 26-30. Don G. Mitchell, president q 
General Telephone and Electronics Corp., ha 
been named general chairman.

Three sessions dealing with meteorological in 
strumentation will also be held. The programs fn 
these are being developed jointly by ISA and th 
American Meteorological Society. The session 
deal with modem instrumentation in radiatioi 
meteorology, stratospheric meteorological meas

could 
inent 
time 
that 
conje< 
much

the e: 
sion 
obser 
Slow 
rorm

learned to rely in keeping themselves in 
formed of the very latest electronic de
velopments.

the explicit sentences

Bein<
Con 

vania, 
selecte 
expans 
erials.

Und 
vancec 
of De 
Scienc

The 
Solid 
of the 
Centei 
and X 
vapor 
diffusi 
sure, ( 
nhvsic



infer* no 
Amt ric¡ 
week c 
»ident o 
>rp., ha

New Materials Science Center 
Being Organized at Cornell

Cornell University’, the University of Pennsyl
vania, and Northwestern University have been 
selected to set up enlarged programs for the 
expansion of basic research in the science of ma- 
erials.

Under a $6.1 million contract, from the Ad-

gical in 
rams k 
and thi 
soss-on 
adiu h,¡ 
d m?as 
airi» rm

vanced Research Projects Agency, 
of Defense, Cornell will organize 
Science Center.

The work of the Laboratory of

Department 
a Materials

Atomic and
Solid State Physics will comprise the largest part 
of the Center. A second area of emphasis in the 
Center will be chemistry—concerned with electron 
and X-ray diffraction, inorganic polymers, solid
vapor reactions, electronic processes in oxides, 
diffusion in polyiners, polymers under high pres
sure, catalysis, photoconductivity, and theoretical 
physical chemistry.

The third area will be concerned with metal
urgy and the fourth with mechanics and materials.

lie Sixti । NBS Attempting to Find Cause 
Of Severe Radio Blackoution an 
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Members of the solar research group of the 
Radio Warning Services Section of the National 
Bureal of Standards’, Boulder, Colo., Labora
tories have been appraising a recent unusual 
solar event. - '
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A severe radio blackout of long duration, and 
| large radio noise outbursts on a number of wave
lengths, began at 1630 hours. UT. No solar flare 
could be seen on the sun’s disk, although a prom- 

। inent flare would normally be apparent at the 
time of the radio disturbance. It now appears 
that the reason for this anomaly can only be 
conjectured until solar behavior is known in 

1 much greater detail than at present.
Complete blackout of the Bureau’s radio sta

tion, WWV, occurred «c a number of receiving 
locations. Cosmic noise absorption of an out
standing nature was evidenced by the great 
drop-off in received signal strength, and also by 
the unusually slow onset of the absorption.

Another unusual feature of the occurrence was 
the exceptionally low velocity of the radio emis
sion source. The velocity was deduced from 
observations at two separate low frequencies. 
Slowr drift bursts on dynamic spectrum records 
Formally show velocities of the order of 1,000 
Im per sec at metric wavelengths. By compari
son, velocities derived from 18-, 38-, and 200-mc 
f xed-frequency observations during the black- 
c ut average about 250 km per sec.

Synthane makes and fabricates 
laminated plastics

Quality is Precision and People and Pride

We make and sell laminated plastic 
sheets, rods, and tubes. But nearly 
all of our customers prefer us to fabri
cate their parts from these materials.

Synthane quality starts with the 
rigid inspection of incoming raw ma
terials. From this point forward, to 
the finished laminate, control is the 
byword. In fabricated parts, too, 
quality is precision, people and pride. 
Measuring instruments of all kinds, 
many of our own design, gauges, pre
cision tools and other specialized

equipment all contribute to Synthane 
quality products. Our people, through 
years of experience, know how to 
machine laminated plastics to achieve 
the dimensions and tolerances you 
require.

Quality is a matter of pride on the 
part of every Synthane craftsman 
who works on your job. And sixty 
per cent of our people have been with 
us for 10 years or more.

Aside from the first class job Syn
thane gives you, it will hardly pay

you in money or headaches to do 
your own machining. Ask your Syn
thane representative for a quotation. 
You’ll find him in the classified tele
phone book of any principal city or 
write Synthane Corp., 42 River 
Road, Oaks, Pa.

[SYNTHANE]
CORPORATION OAKS, PENNA.

You furnish the print—we’ll furnish the part
CIRCLE 26 ON READER SERVICE CARD

Sheets • Rods • Tubes • Fabricated Parts 
Moided-laminated • Mulded-macerated
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NEWS

Commercial Use of Space Bringing New Problems
New Equipment, Adequate Frequencies Needed for Global Satellite Links; 
Public Begins to Move into Area Previously Used Only by Government

Robert Haavind
News Editor

P
OTENTIAL commercial uses of space have 
catapulted to public attention in recent 
weeks, sparked by Projects Echo and Courier 

and a controversy over the re-allocation of spec
trum for possible space requirements (ED, Aug. 
3, p. 4).

The push toward public rather than govern
ment use of space opens new problem areas and 
casts a different light on the direction of satellite 
and ground system design.

The most pressing problem, now being faced 
by the FCC, lies in adequate frequency alloca
tion. Up to now the use of frequencies in space 
has been restricted to the government—through 
the military, National Aeronautics and Space Ad
ministration, and Advanced Research Projects 
Agency. These frequencies have for the most 
part been drawn from the large portions of the 
spectrum assigned to government use. They are 
not controlled by the FCC, but are assigned by 
the Interdepartment Radio Advisory Committee 
under the Office of Civil and Defense Mobiliza
tion. Many of these government space bands are 
already internationally protected under agree
ments reached during the International Tele
communications Union meeting in Geneva last 
year. Potential commercial applications, how
ever, are not yet covered by international agree
ments.

The testimony presented before the FCC by 
commercial interests at recent space frequency 
allocations hearings indicated that telephone, 
television, and teletype users are all seriously 
considering the use of satellite links to serve in
ternational markets. Intercontinental exchange of 
digital computer data was suggested as another 
potential use of space systems.

Intercontinental television is an important fac
tor in the allocations issue, since broadband sys
tems like those required for TV’ transmission can 
not presently be provided by overseas cable 
technology. Current two-wire transatlantic cable 
systems have capacity for about 80 voice chan
nels, and planned single wire cables will carry

26

about 230 channels—still short of the requirement 
for broadband television transmission. Coaxial 
cables can carry TV’ signals over land because 
repeaters can be used frequently and adequate 
power can be obtained from sources in the 
vicinity of each repeater, permitting wide band
width transmission. Repeaters on undersea 
cables, however, are widely spaced and powered 
from the shore ends, restricting possible band
width.

A significant increase in overseas cable band- 
with capability is expected with the use of tran
sistor rather than currently used tube repeaters. 
Transistor repeaters will require less power so 
that they can be placed closer together, thus op
erating at higher frequencies and providing 
wider bands. This progress must wait, however, 

Project Echo receiver uses this maser, giving low noise reception considered virtually im
possible to achieve a short five years ago. Other breakthroughs like this should permit much 
more efficient bandwidth utilization than can presently be foreseen.

ELECTRONIC DESIGN • September 14, 1960 ELEC

until high frequency transistors of the required 
reliability are available.

Meanwhile, the satellite overseas link offers the 
broadband capability needed for TV’.

In making its request for space frequency allo
cations AT&T indicated that 500 me would be 
required for a TV channel or 600 voice channels. 
The most desirable frequency range for these re
quirements lies between 1 and 10 kmc—bounded 
on the low end by galactic noise and already 
existing heavy7 usage of the lower frequencies, 
and on the high end by atmospheric attenuation 
due to rainstorms, heavy clouds or fog. At least 
four, and preferably more, of these 500 me fre
quency units are required for currently envis
ioned telephone1 and TV7 traffic via satellites.

(text continued on p 29)
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Higher permeability values now guaranteed 
for Allegheny Ludlum’s Moly Permalloy
Means new, consistent and predictable 
magnetic core performance
Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme
ability values than former typical values. For the buyer, 
this new high quality means greater uniformity ... more 
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny 
Ludlum’s intensive research on nickel-bearing electrical 
alloys. A similar improvement has been made in AL-4750 
strip steel. A-L continues its research on silicon steels,
7490

including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat
ment of laminations are available from Allegheny Ludlum. 
In addition, you can be assured of close gage tolerance, 
uniformity of gage throughout the coil, and minimum 
spread of gage across the coil-width.

If you have a problem relating to electrical steels, 
laminations or magnetic materials, call A-L. Prompt tech
nical assistance will be yours. And write for more in
formation on Moly Permalloy. Allegheny Ludlum Steel 
Corporation, Oliver Building, Pittsburgh 22, Pa.

Address Dept. ED-9-1.

STSILMAKBRS TO THB BLBCTRICAL INDUSTRY

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC ¡7
Export distribution. Laminations: AO. AURIEMA, NYC 4
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Table 1. International Allocations and Past Space Frequency Usage

Present U. S. Assignments

10.003-10,007

19.99-20.01

39 986-40 002 Fixed-mobile, safety

Transit l-B, II-AAmateur

70.2 Lunik ITV Channel 4

U. S. satellites108-108.09

New Minitrack136-137

Transit l-B, II-AGovt

Russian satellitesChannel 8183.1-184.1
Lunik IChannel 13

Transit l-B, II-AChannel 13

died

Govt

a¿/e.

Meteorological aids400-401

960.05

1427-1429

(communications)Govt1700-1710

Govt2290-2300
Govt,52505255

loss SI

Fixed-Mobile8400-8500

Govt.15,150-15,250

Fixed-Mobile (secondary)31,500-31,800

ional
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♦Italics denote frequencies used in space but not allocated to space research at 1959 Geneva 
Conference.
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Where Will Spectrum Come From?
Finding 2 to 3 kmc in the 1 to 10 kmc region 

is not an easy job, as can be seen from the table 
showing present allocations in that region. Cur
rently common carrier fixed services are assigned 
1 kmc in the region—used by AT&T for its pres
ent TD-2 and now-being-constructed TH micro- 
wave relay link systems. Another 730 me of the 
region is allotted to operational fixed services.

The possibility of sharing these frequencies 
with space systems has been pointed out by the 
Electronic Industries Association. A TH system 
antenna radiates 5 w with 40 db antenna gain, 
compared to a satellite system ground terminal 
feeding a kilowatt into a 57 db antenna, the EIA 
said at FCC hearings, using active satellite re
peater parameters specified by Dr. John R. 
Pierce, director of research, communications 
principles, Bell Telephone Laboratories. In this 
case the only serious interference problem 
might be encountered if the ground terminal 
transmitter was directed at a TH receiver—and 
this problem is minimized by the directivity of 
the ground to satellite transmitter except when 
it is directly pointed at a TH receiver antenna. 
Physical separation of the stations could over
come this problem because of the line-of-sight 
nature of microwave transmission, and in addi
tion the ground-to-satellite antenna could be lim
ited to about 10 deg in elevation.

Isolated locations for ground terminals will 
probably be required anyway to avoid inter
ference from aircraft and other sources in areas 
of dense population, the EIA said, so that com
patibility will not be a severe problem.

During AT&T testimony this view was coun
tered by Brockway McMillan, Bell Labs director 
of military research, who commented that space 
communications systems must be engineered for 
the greatest economy of signal power. No mar
gins can be afforded against possible interference 
because of the low-level signals that must be re
ceived from a satellite transmitter. Fundamental 
physical facts such as thermal noise and path 
loss set these limits, he said.

If the FCC decides that the AT&T argument 
is valid, and that additional frequencies must be 
re-allocated to potential space uses, it will be 
difficult to find the frequencies for the shift. The 
government is sole user of 3.825 kmc of this 
band, and another 2.32 kmc is shared by gov- 
emment and non-govemment services. With 
oast history as a precedent it is extremely un- 
ikely that any of this spectrum will be taken 
iway from the government, according to an FCC 
ource.

Thus with the present common carrier, opera- 
ional fixed, government and shared services re-

This plastic is ideal for applications where 
changes in humidity can affect electrical values. 
DAPON can prevent costly **in service” failures in 
electrical and electronic components.

A new molded plastic potentiometer produced by New 
England Instrument Company features exceptional re
sistance to humidity, high reliability and low noise. 
A raised conductive plastic ring is used in place of 
resistance wire in these miniature units. The new po
tentiometers are ideal for servo and instrumentation 
applications where long life and extreme accuracy are 
important factors.

The solid resistance element, insulating base and sil
ver terminal leads are molded in one operation with 
DAPON (diallyl phthalate) Resin. Result: a single, almost 
indestructible precision unit.

New England Instrument chose dapon because of its 
superior electrical and physical properties, and its low 
moisture absorption, dapon also molds easily around 
metal inserts without cracking, and withstands ex
tremes of temperature, vibration and shock.

Specify DAPON (diallyl phthalate) Resin when you 
need:
• Low dielectric loss
• High dielectric strength
• Superior dimensional stability
• Excellent arc resistance
• High volume and surface resistance after high 

humidity-high temperature conditioning
Write for FMC’s data sheet containing technical in

formation about dapon, suggested uses for this resin, 
and the names of dapon compounders. ■

 FOOD MACHINERY AND CHEMICAL 
CORPORATION

Dapon Department
161 East 42nd Street, New York 17, New York
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DIDAS receiving and recording in laboratory conditionsThe DI DAS Transmitter

has

■ Fully Transistorized

■ Extremely High Speed

■ Compact

■ Reliable

■ Modern Construction

■ Rugged but light

SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED, Baginton, Coventry. England
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921006

Speedy measurement and analysis of data 
become a necessity in modern industry. band1 

with 
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i 891362

I 243895

I 239810 
J 654958

L 193847
I 901205

I 294736

I 271057
I 984752

I 379824
I 105447 
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811278 

532485
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1I 210475 

567482 

665820 

857395 
948575 

195847 

248571 

125454 
554521 '

748275 

859483 
942IO6 
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Armstrong Whitworth Aircraft have developed data 
handling systems for measurement and remote 
control. The data can be transmitted at the speed of 
light by radio, or by cable link, with extremeaccuracy. 
In one system (the DIDAS vehicle system), over 
250,000 different readings can be obtained in one 
minute. Analogue/digital and digital analogue 
convertors, working at over 50,000 conversions a 
second, eliminate processing bottlenecks. Systems 
can be engineered to customers’ requirements.

(A member of Hawker Siddeley Aviation)
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Alternate Modulation Technique Possible
AT&T frequency requests were made on the 

basis of a wide-deviation FM modulation tech
nique using FM demodulation feedback re
ceivers. This technique, based on a feedback re
ceiver conceived by J. G. Chaffee of Bell Labs 
in the early 1930’s, permits a significant reduction 
in noise levels. Shannon’s information theory 
work indicates that a broader band permits an 
increase in signal to noise ratio without increas
ing transmitter power—a vital consideration in 
space systems. Using FM accomplishes this, but 
if the band is made too wide noise increases until 
a break point is reached, and only a hiss can be 
heard. The Chaffee FM receiver responds to only 
a narrow band of frequencies at any instant, but 
a feedback loop enables the narrow band tuning 
to continuously track the incoming modulated 
signal. Noise can be reduced by a factor of about 
100 over a conventional wide band FM system 
by using this technique.

AT&T plans call for a 5-mc baseband and a 
100-mc total band. Different frequencies are re
quired by the receiver and the transmitter in an 
active repeater type satellite so that retransmis
sion does not affect the satellite receiver. With 
25 me guard bands for each frequency a total of 
250 me is therefore required for a one-way trans
mission link. Two-way transmission for tele
phone service leads to the 500 me figure.

This calculation is used to show what might 
be accomplished with equipment that is now 
available or in the laboratory. It does not assume 
future technical breakthroughs, such as the 
maser, which might make much more efficient 
modulation techniques feasible, greatly reducing 
bandwidth requirements. As AT&T points out. 
breakthroughs can not be assumed because no 
one knows when they will happen or what di
rection they will take.

moved from the band only about 2 kmc remain*, 
sprinkled lightly over amateur, television rela 
and studio link, fixed and mobile, and radionavi
gation services. Although little equipment is ye t 
being used at these high microwave frequencies, 
it would appear to be unfair to private users to 
deprive them of these small tokens of hard- 
fought-for spectrum.

There is a possibility that the FCC may feel 
that some of the frequencies a little over the 
10 kmc band might be easier to re-allocate. An
other common carrier allocation at 10.7 to 11.7 
kmc might be usable as one of the 500 me links 
requested.

□ata Handling Systems
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Silicon Junction Diodes

The Clevite line of high quality semiconductor
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for reliability and uniform characteristics. These
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products have been “proven-in-use” in thousands of

Table 2. Frequency Usage for Planned 
Ranger Moon Vehicle

Telemetry

Range Safety

Range Safety

Impact 
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Radar

Reliability hi Volume . . . —

CLEVITE TRANSISTOR
254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330 —mmheE
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though agreeing with the importance* of setting 
aside frequencies for potential space uses, stated 
that it did not feel that the ultimate form of such 
systems was yet clearly defined. It suggested the 
setting aside of “hopefully” two 500 me channels 
for possible space uses, and urged that this re
quirement be given international consideration 
at the Extraordinary Administrative Radio Con
ference of the ITU scheduled for 1963.

Although the direction required for reducing 
bandwidth requirements can not be ascertained 
with certainty, some current research programs 
might lead to important improvements. Just look
ing at the figures used for calculating a space 
system’s parameters indicates certain directions, 
one communications engineer commented to 
Electronic Design.

As satellite technology improves, he said, di
rectional antennas should be possible from a 
stabilized satellite. Larger launch vehicles should 
permit greater weight and consequently more 
powerful satellite transmitters. Larger antennas 
could be used on the ground, and larger ground 
transmitters might also be used.

On the other hand, this engineer pointed out, 
AT&T has been one of the most efficient users of

a division or
CLEVITE
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2 micro inch surface finish. The application 
requires that these tolerances are guaran
teed for the life of the commutator during 
which the environmental conditions run

links. 
Rangi

Executive Offices: 
30 Rockefeller Plaza 
New York 20, N. Y.
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General Offices and Plant 
121 Clifton Boulevard

Clifton, N. J.

To SEE under the sea takes a scanning commutator w ith seemingly 
impossible tolerances to insure reliability in ship sonar. That is 
why compression-molded SUPRA MICA® 500 ceramoplastic ma
chinable insulation was chosen ... a proud example of Mycalex 
Corporation of America craftsmanship.

The specifications arc most demanding, the requirements highly 
critical... plates must be flat within 0003’ and embody precision- 
machined recesses to accept 48 pure silver contacts. The angular 
displacement of the contacts is held to ± 1 minute. The combina
tion of contacts and SUPRA MICA 500 together must accept a

MYCALEX
CORPORATION OF AMERICA
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48 precious metal contacts on a 12" circle...
maintaining ooosur planar tolerance

Digital Speech Promising Approach
One research program which could lead to 

highly efficient bandwidth utilization is current 
work in digitalizing speech. At one time this ap
proach did not appear too promising because of 
the difficulty encountered in mechanizing a faith
ful reconstruction of the human voice. Recent 
progress in this field, however, has been promis
ing. The use of cross-correlation and other tech
niques is leading to greatly improved synthetic 
speech.

Once digital speech is possible, narrow band 
modulation schemes such as PCM could be used 
for transmission. This form of modulation using 
matched orthogonal filters leads to transmission 
efficiency approaching the theoretical limit, it 
was pointed out in American Rocket Society testi
mony to the FCC.

The wide band TV problem still remains, of 
course, but here again progress toward digitaliz
ing is encouraging. A research program at Massa
chusetts Institute of Technology, for example, 
has produced fairly good quality pictures using 
various digital coding approaches.

Development of bandwidth compression tech
niques is being spurred by space requirements 
already foreseen by the government. Reconnais
sance and weather satellites will require exten
sive TV transmission, and as resolution require
ments stiffen even greater bandwith will be 
needed unless improved modulation methods can 
be discovered.

End to Microwave Reserve In Sight
Despite the wide bands assigned to the Gov

ernment, the end to its present microwave re
serve already seems to be in sight. Heavy radar 
and communications usage is in effect through
out the microwave region. Provisions for the 
man-in-space program—a single project—have 
dug deeply into the reserve frequency supply, 
testimony before the FCC indicated. Thirteen 
land stations and two ships, located around the 
world, will monitor the astronauts, the capsule, 
and flight progress over a myriad of transmission

the gamut of humidity and temperature.
The MYCALEX fabricating facility is not only fully qualified 

to furnish the fabrication of such parts but will design and pro
vide required hardware For gauge-like specifications on large 
production runs or short prototype quantities . . . our engineers 
are ready, capable, and equipped to assist you with your de
sign and production requirements. Write for information on 
SUPRAMICA ceramoplastics offering maximum temperature 
endurance (unstressed) up to 4-1550°F. and SYNTHAMICA®

World’s largest manufacturer of ceramoplastics, jiass-bonded mica and synthetic mica products 
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.spectrum space, and if frequencies were allottt d 
to the common carriers they would certainly nut 
be wasted. As technology improves and moie 
efficient modulation schemes can be used, other 
public services would be added to the intercon
tinental satellite links and existing services 
w ould be expanded in order to meet increasing 
traffic requirements.

synthetic mica with maximum temperature 
endurance (unstressed) up to 4-2000 F. 
. . . the family of the world’s most nearly 
perfect insulation materials.—
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New keys to better electronic desIgn.Jrom where research is the key to tomorrow

requirement for a single

permit even heavier, higher 
be reliably orbited for com-

Courier satellite, weighing 500 lb, carries four micro
wave transmitters, four microwave receivers, four VHF 
transmitters and Iwo VHF receivers. Improvements in
the satellite art should 
powered equipment to 
mercial systems.

links. The spectrum
Ranger vehicle moon shot next year, illustrated 
in table 2, shows the heavy requirements that 
can be expected for future space missions. An 
example of what can be done when band
width problems become extreme is illustrated by 
AT&T’s success in tucking color television into 
the same 4-1/2 me channel used for black-and- 
white, one communications engineer commented. 
Information on the black-and-white system 
occurs in bunches, related to the 60 field per 
second frequency and the 262-1/2 line per field 
distribution occurring in TV transmission. The 
extra carriers required for color transmission 
were, in effect, slid into the cracks between the 
lines in the black-and-white frames through care
ful application of information theory.
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New Design Factors in Commercial Systems
In addition to the severe frequency allocation 

problem, many design considerations enter into 
public space systems that have not been a serious 
problem with previous government experiments.

Cost, for example, becomes an overriding fac
tor in deciding to initiate a space communica
tions system. Already some figures indicate that 
channel for channel a space communications sys
tem is more economical than an underseas cable 
link.

The difficulty here is that certain assumptions 
about reliability must be made in order to reach 
tbis favorable cost comparison, and the equip
ment with this required reliability has not yet 
been developed for the 1 to 10 kmc band. 
/T&T in its testimony specified ten years re- 
1 ability as a reasonable goal in order to reach a 
f ivorable cost comparison with cable links. Two 
F ossible satellite repeater systems were suggested

NEW!... Heavy-duty TFE tape, 
reinforced with glass, 
helps prevent cold flow in 
hi-temp applications!

NEW!...The most oil A 
resistant pressure-sensitive 
TFE-film tape made. 
New products of 3M Research!

“SCOTCH” Brand Electrical Tape No. X-1112 and “SCOTCH” Brand Electrical 
Tape No. X-1111, both new products of 3M Research, are new TFE-Fluoro- 
carbon Tapes for high-temperature designs. No. X-1112 utilizes glass cloth 
to provide added strength and holding power for heavy-duty functions where 
cold-flow would ordinarily be a problem. No. X-1111 combines excellent 
chemical and electrical properties of TFE-Fluorocarbon with a new adhesive 
designed to resist transformer and hydraulic oils. For complete information, 
write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. EAC-40.

Electrical Products Division I
I

"•COYCM" tl A MEG'STCFEO TFAOCMANN DF 3M CO.

J^JlNNStOTA J^glNINO J^A NN RAC TN »INO COMPANY

...WHIRS RSSSARCH IS THS KSY TO TOMORROW
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liquid silicone rubber NEWS
Space Frequencies

The other possibility

ComrY

ELECTRIC
ELEC

use of tunnel

General Electric silicone rubber used extensively by Aerojet-General 
Corp, for the Titan ICBM’s propuLion-system wiring harness. Break
outs and junctions molded from G-E RTV, wiring is silicone insulated, 
jacketing is high-strength G-E silicone rubber — all chosen for their 
stable insulating properties, resistance to temperature extremes and 
weathering, and stability in storage for many years.
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Silicone Products Department, Waterford, New York 
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The latest addition to General Electric’s RTV 
family offers lower viscosity than any other avail
able silicone rubber compound — a typical vis
cosity of 120 poises. Easily pourable, it flows 
freely in and around intricate contours, making 
it ideal for protecting electrical and electronic 
components.

With RTV’s new low viscosity, the range of 
G-E RTV compounds now extends from 120 to 
12.000 poises. You can now meet your specific 
requirements by selecting from several G-E K TV 
compounds, all of which offer room temperature 
cure, heat and ozone resistance, and good elec
trical properties. Write for a free test sample, 
briefly describing your application.

by Dr. Pierce in FCC testimony.
One of these systems uses a 1-w traveling 

wave tube in an oscillator circuit in the satellite 
I'he use of a 1-w tube is made possible by as
suming a broadband modulation method, such 
as wide deviation FM, Dr. Pierce pointed on 
He said that the 1-w TWT was assumed because 
of Bell Labs experience in building four 5-w 
travelling wave tubes which have been operating 
without a failure for four years.

New low viscosity for easier 
encapsulation and impregnation

Sight amplifier module potted with RTV l>y the Armament and Control 
Section of G.E.’s Light Military Electronics Department. Used on 
the Lockheed CF-104 and F-104G jet aircraft, RTV provides me
chanical support and ribration damping, protects unit against mois
ture and ozone. (Bottom photo shows module before potting.)

diodes or transistor harmonic generators as local 
oscillators to accomplish the offset frequency 
transponder function. He did not comment on 
the reliability that might be expected from this 
configuration.

Higher power output from the satellite trans
mitter could be accomplished if components of 
the necessary 10-year reliability were available. 
As power goes up, however, higher cathode cur
rent densities in tubes are required, naturally 
leading to shorter life. Solid-state components 
designed to operate at higher power levels also 
suffer from a reliability standpoint. Further de
velopment in both the microwave tube and solid- 
velopments in both the microwave tube and solid
state fields must be undertaken to overcome these 
deficiencies.
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High-voltage, high-altitude transformers from Laboratory tor Elec
tronics, Inc. are encapsulated with General Electric RTV to meet 
MIL-T-27A specs. This prevents flashover at maximum ratings of 
2200 volts rms and 80.000 feet. General Electric RTV was selected 
for its good heat transfer, low viscosity and mechanical strength.

Stationary Orbit Appears Best
From a cost analysis all studies seem to agree 

on the active stationary orbit satellite as the 
best prospect for a commercial intercontinental 
link. The active type seems best because of the 
better S/N compared to the passive satellite, 
such as Project Echo’s inflated balloon. With 
active satellites in lower orbits many' more satel
lites will be required to assure the line-of-sight 
presence of one of them between any two ground 
terminals at all times. Another vital requirement 
for such a low-orbit active system is that two 
transmitters and receivers are necessary at any 
ground terminal so that one can be picking up 
the next satellite while the other tracks the one 
presently in view, providing continuous service. 
Interference would be a problem with this 
scheme, even if different channels were used by 
the two transmitters, because of their close prox
imity to each other.

A stationary system, on the other hand, could 
provide complete world coverage with three 
satellites, kept on station by systems now under 
development for government satellites. Only one 
transmitter and receiver would be needed at each 
ground station, and the interference problem of 
the low-orbit system would be eliminated.
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HOW HOFFMAN UNI-TUNNEt DIOOES SIMPLIFY ANO IMPROVE M^TULATOR CIRCUITRY 1ESIGN
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These Graphs Illustrate Typical Operating Characteristics of the Modulator Circuit Above
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These unique devices, sometimes referred 
to as “backward” diodes, utilize the tun
neling effect to achieve high forward con
ductance at very low voltage levels. When 
they are biased in the reverse direction, 
the familiar tunnel diode current charac
teristic appears as a leakage current meas
urable in microamperes

For unprecedented efficiency 
at low signal levels 

plus extreme 
temperature stability...

BRIOCE MODULATOR CIRCUIT UTILIZINO F IUD 
HOFFMAN UNI-TUNNEL DIODES
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SPECIFICATIONS
Twelve types available with minimum for
ward currents as high as 10 mA (at .25V) 
and maximum reverse currents as low as 
5 0 M (at 0 to 0.5V). Operating and storage 
temperature range is -85°C to +200°C.
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HOFFMAN 
NOW OFFERS YOU 

SILICON 
UNI-TUNNEUDIODES

STANDARD AND CUSTOM-ENGINEERED 
UNITS AVAILABLE IMMEDIATELY IN 

QUANTITY
Contact factory, El Monte, California, or 
your local Huffman sales office for further 
information Ask for Technical Data Sheet 
131-760 UTD.

L stationary system, on the other hand, could 
provide complete world coverage with three 
satellites, kept on station by systems now under 
development for government satellites. Only one 
transmitter and receiver would be needed at 
each ground station, and the interference prob
lem of the low-orbit system would be eliminated, 

interference would be much easier to avoid 
between ground and space systems using a fixed 
orbit satellite, the EIA pointed out during FCC 
testimony.

«aw •■»«*» 
MODUL ATM LINEARITY 

Averate Output Vuitat« Vsran DC Input Voltage

links are becoming overcrowded at an ever in
creasing rate.

fhe technical solutions to satellite transmission 
problems appear to be well within reach. Lock
heed Aircraft Corp., for example, told the FCC 
that if given the go-ahead it could have an in
ternational link in operation within three years. 
Lockheed has been prime contractor for the Dis
coverer, Midas, and Samos programs, and has 
coordinated the construction of an elaborate 
ground tracking network for controlling and 
communicating with these satellites.

Meanwhile the stationary satellite scheme is 
lanned under ARPA’s Project Advent, to be car

r ed out over the next three to four years. Mili- 
tiry global communications needs are already 
s jurring development of equipment suitable for 
s/stems such as this, and once reliable equip
i lent is available it will undoubtedly be pressed 
i ito public service. ■ ■
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Commercial Use of Satellites Assured
In any event the eventual commercial use of 

satellites for global transmission appears to be 
assured. Industrialization is increasing rapidly all
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three 
under 
y one 
: each

Delay Is a Difficulty
The major difficulty with the stationary 

scheme, aside from the increased path loss caused 
by the greater transmission distance, is in the 
delay of some 0.6 sec encountered in telephone 
conversations over such a distance.

Current-telephone transmission systems use 
the same transmission path for conversations 
each way in a two way system. Because of this, 
an annoying echo would be heard unless some 
means is provided for preventing it. Present sys
tems use an echo suppressor to cut off reception 
at the end of the transmission line where signals 
are being transmitted, thus eliminating echos. 
Tests of echo suppressors with a half second de
lay, however, indicate that at times part of a con
versation can be cut off because of this suppres
sion. Further research is necesary to see if there 
is some method of overcoming this difficulty, but 
meanwhile AT&T feels it represents a serious 
flaw in the stationary satellite scheme.
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TYPICAL APPLICATIONS
Ability of the Uni-Tunnel diode to operate 
efficiently at low voltage levels eliminates 
the complex circuitry previously required 
for low-level operations, resulting in lower 
cost, greater reliability and decreased 
space requirements (see modulator circuit 
at left). Benefits like these also make 
Hoffman Uni-Tunnel diodes ideal in:

■ computer logic
■ detectors ■ choppers ■ clampers 

■ tunnel diode circuitry

(milliamperes)

200 C

200 C (milliamperes)

TYPICAL UNI-TUNNEL DIODE CHARACTERISTICS

85 C 25 C

T25 C 
85 C



NEWS

New Pay-TV System Being Readied for Field Tests
TelePrompTer's 'Key TV' Uses Coaxial Cables, Costs Little; 
Field Still Wide Open for New Concepts in Equipment Design

P
AY-TV, which not too long ago was dis
missed as a dead issue, is back again for 
another try. Two systems, one brand new, the 

other not so new, are being readied for field tests 
in the near future. One system uses expensive 
coaxial cables but is otherwise low in cost and 
embodies a unique “talk-back” feature. The 
other operates over existing TV7 channels, 
thereby requiring FCC approval, and employs 
a considerable amount of electronic gear. Since 
it is unlikely that either system will in its present 
form prove convenient for nation-wide Pay-TV 
(if and when it becomes a reality), the field re
mains wide open for new design concepts.

A cable-distributed Pay-TV scheme that falls 
into the “Why didn t I think of it” category will 
be field-tested before the end of the year by the 
TelePrompTer Corp, of New York. Dubbed Key

TV, the system also enables the viewer to order 
merchandise, participate in surveys, and answer 
questions—all by means of a push-button control 
box in his living room.

Key TV is designed for use in cities already 
wired for Community Antenna TV systems 
(CATV). It rides piggy-back over the existing 
cables and requires little additional equipment 
in home or studio. Two components, a viewer 
control box and a tele-record box, are installed 
at the home; switching and recording equipment 
are installed at the studio.

The tele-record box contains a band elimina
tion filter for the Pay-TV channel which is in
serted into the circuit upon command from the 
studio. It is switched out, and the Pay-TV pro
gram received, when the viewer pushes an “Ac
cept button on his control box. This action also

TELE-RECORD BOX
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RECEIVER------ 1

CHANNEL 
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COAX 

TAP

ACCEPT BUTTON

PARTICIPATION- 
BUTTONS ABB
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CONTROL

11/16 PAPER

RECORDER 
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3 "B"

CONTROL 
TAP

COMMUNITY 
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POWER

DEMODULATORS 
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CIRCUIT SWITCH

TAPE MOTOR 
DRIVE SWITCH
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CLOSED CIRCUIT, 
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■| CHANNEL N |»-o-4CHANNEL X ]
MIXER

Key TV system diagram 
illustrates how regular and 
Pay-TV programs are fed to 
viewer through an CATV cable 
system. Filters to attenuate Pay- 
TV channel are inserted by 
studio and can be removed by 
viewer. Tele-record box marks 
viewer’s acceptance of pay 
program on paper tape which 
is collected at regular intervals. 
Plans call for eventual replace
ment of tele-record box by 
central data processor. Viewer 
can also answer questions, or
der merchandise, etc. by using 
the participation buttons on 
his control box. Studio meters 
indicate percentages of pro
gram acceptance and viewer 
opinions to survey questions.

inscribes a paper tape inside the tele-record box. 
The tape is collected at regular intervals and 
the viewer billed accordingly.

The Viewer Talks Back
The viewer control box also includes “A” and 

“B” participation buttons which enable the 
viewer to “talk back” by expressing preferences, 
ordering merchandise, etc. Depressing these but
tons inscribes a mark on the paper tape in the 
tele-record box. In addition, studio meters indi
cate the percentage of viewers depressing a but
ton at any given time and the percentage of 
viewers who are receiving a Pay-TV program.

Typical operation of the system would be as 
follows: A few minutes before a Pay-TV pro
gram is scheduled to begin, an amber light is 
turned on in the window of the viewer control 
boxes. This is accomplished by command from 
the studio and the light is visible in all boxes 
regardless of whether the set is tuned to the 
Pay-TV channel or turned on at all. The viewer 
may then turn to the Pay-TV channel where a 
sales pitch for the program is being telecast. 
Immediately before the program is to begin, 40 
db band elimination filters for the Pay-TV chan
nel are activated in all the tele-record boxes by 
studio command. If the viewer wants to receive 
the program he depresses the accept button on 
his control box. The filter is deactivated, a green 
light appears in the window of the control box 
and the recording tape is inscribed.

The participation buttons can be used in a 
variety’ of ways. After a commercial the an
nouncer might say, “If you want to order this 
vacuum cleaner, press button ‘A’, now.” When 
the viewer pushes the button, the recording tape 
is inscribed and a red light appears under the 
button in the window of the control box. For 
educational TV, multiple choice tests could be 
answered by pressing the buttons singly or in 
combination. Pollsters could run their surveys 
merely by asking viewers to press the participa
tion buttons in response to certain questions.

Since the recording tape is generally advanced 
by studio command after each question, viewer 
anonymity for “sensitive” questions can be pre-
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Viewer control box for Key TV. This is the only addi
tional component required in the home for receiving 
the pay programs. The box contains switches for ac
cepting pay programs, ordering merchandise and an
swering questions. Lights of different colors appear on 
the screen to indicate the status of the system to the 
viewer. A key is provided to lock the control box 
against unauthorized use.

served by not advancing the tape. Viewers may 
be asked to express their choice for president 
by pressing the same button, but at different 
times. If the tape is not advanced from one time 
to the next, it will be marked in the same place 
regardless of how the viewer voted. Preference 
would be expressed in percentage terms by the 
participation meter in the studio.

In designing the control box, TelePrompTer 
relied on a number of psychological tricks. “This 
business of colored lights inside a little TV 
screen isn’t really necessary, but it gives the 
viewer the idea he’s doing something,” H. J. 
Schlafly, TelePrompTer vice-president, told 
Electronic Design. The TV-like shape of the 
control box is another instance of customer psy
chology, as is the key supplied to lock the box 
against unauthorized use. “Just as Junior must 
have the keys to use the family car, he must have 
the key to the control box to see the special pro
grams,” Mr. Schlafly points out.

The present system of inscribing marks on a 
paper tape to be subsequently collected by route 
men is of course practical only on a small scale. 
Teleprompter is experimenting with data proc
essing systems which can be tied into Key TV to 
record customer acceptances and participation 
at a central station. TelePrompTer claims to have 
six different data systems in development but is 
not commenting on them at this time.

First tests of Key TV are scheduled to begin 
his fall over channel 5 in Liberal, Kans. Tele- 
’rompTer already operates a CATV system in 
aberal with 2,000 homes wired to the studio by 

coax cable. These tests will be devoted primarily 
o entertainment and sports programs. Some 
nonths later, a second test at Farmington, N.M., 
vill be the pilot for educational and merchan- 
lising aspects of Key TV. ■ ■
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willimike TRAVELING WAVE 
OSCILLOSCOPE SETS NEW 
PERFORMANCE STANDARDS

Unquestionably the most advanced traveling 
wave oscilloscope available, EG & G’s new milli
mike is the only scope capable of many types of 
basic research. Its phenomenal performance gives 
it both single transient and repetitive signal capa
bility. Yet its simplicity and ease of operation 
make it a highly versatile production-evaluation 
instrument.

For precise photographic recording, EG & G’s 
Model 850 integrated camera system is recom
mended. For less accurate requirements, however, 
any standard camera can be used to record pulse 
displays through an illuminated reticle attach
ment which completely eliminates parallax. 
Single transient displays can be recorded directly 
from the screen. .0015" spot size ensures maxi
mum resolution. This, in combination with the 
fact that signals as low as 5.5 mv will deflect the 
beam a full trace width, gives you an idea of this 
instrument’s extreme sensitivity.

A Pulse display on illuminated reticle photo-* 
graphed with ordinary camera.

< Photograph of one milli-mlcrosecond single 
transient display.

For full details, write for Data Sheet 7070.

| Edgerton, Germeshausen & Grier, Inc.
161 BROOKLINE AVENUE. BOSTON 15, MASSACHUSETTS
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REPORT ON BIONICS

Electronics Learns from Biology
Devices Patterned After Nature's Processes Solving Some Problems;
New Horizons Beckon to Designers; First Symposium Under Way

Alan Corneretto
News Editor

I
N DEVELOPMENT at Stanford Research In
stitute is a completely new computer logic ele
ment based on network theory believed opera

tive in the human brain. At General Electric, 
researchers are building an array of thin-film 
electroluminescent elements that they hope will 
behave like a neuron. At the University of 
Illinois, a “retina’’ of photocells sees differences 
in quantities of objects placed in its visual field 
—it senses “n-ness.”

These projects, with many others under devel
opment, probably represent the first substantial 
work in a new kind of electronics: bionics—the 
science of applying knowledge of biology and 
biological techniques to the design of electronic 
devices and equipment. Each of the projects de
scribed in this report was inspired at least in 
part by the way nature solves problems that face 
electronic designers.

Nature’s know-how is now finally being tapped 
by investigators throughout electronics, who 

hope to adapt for their own uses the methods 
nature has developed over the countless centuries 
that her creatures have been detecting, transmit
ting, integrating and otherwise processing infor
mation. Together, the research programs under 
way mark the start of what can be considered 
the era of bionics.

Many organizations conducting bionics R&D 
have already built hardware, and some, like RCA, 
the University of Illinois, GE, and others, have 
formed special departments for such work. The 
first symposium completely devoted to the sub
ject is being held this week in Dayton, Ohio. 
And the era may even be said to have an official 
beginning—the start of the 1960-61 fiscal year, 
when the Air Force made more than $1 million 
available to Wright Air Development Division 
expressly for bionics research and development. 
The corresponding Air Force figure for the pre
vious year was about $40,000.

Growing Pains Hinder Bionics Progress
But though bionics is a going concept it has 

not gone far. There are three connected prob

What Is Bionics? 

lems which are limiting its growth:
■ To apply a knowledge of biological systems 

to the design of electronic systems requires a 
substantial knowledge of those systems. But not 
nearly enough is known of the way living things 
work. Particularly lacking is a sufficiently thor
ough knowledge of human processes. Neurology, 
physiology, and many other of the biological 
specialties are only now changing from descrip
tive to analytical sciences.

■ There are not enough researchers who know 
both electronics and the biological sciences. The 
most highly rated work in bionics to date has 
been done by a few scattered researchers with 
training in both electronics or physics and one or 
more of biological specialties. It is believed that 
only at MIT, Cal Tech, and the University of 
Minnesota is biophysics taught at a theoretical 
level.

■ Bionics as a concept is young and only begin
ning to earn acceptance. The very shallow base 
of useful knowledge of living systems appears to 
be inhibiting systematic exploitation of bionics 
as a concept. And at another extreme, some sci-

In this report, the word “bionics” is used to mean the science of apply
ing knowledge of biology and biological techniques to the design of 
electronic devices and systems. This is a special use of the “official” defini
tion, that given by Maj. |. E. Steele, who coined the word at Wright 
Air Development Division. His definition is: “The science of systems 
which function, after the manner of, or in a manner characteristic of or 
resembling living systems.” This meaning is based on the Greek root 
and suffixes, bion, ic and ics, which were used in coining the term.

Bionics, then, is different from medical electronics or bio-electronics,

which is the specialty in which electronics is used for biological purposes. 
Bionics is also different from the discipline of studying electronics for 
help in acquiring knowledge of biology.

Some work in adaptive or self-organizing mechanisms is proceeding 
under biological inspiration. These machines are bionic systems. Other 
adaptive mechanisms, however, are not related directly to biological 
operations and are not, therefore, considered bionic, at least within the 
context of this report. The dividing line between the two is admittedly 
dim, if, indeed, it actually exists.
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The Universe of Bionics
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entists believe that designing from nature has 
always existed and will continue, whether or not 
the practice is glamorized by a title.

Though these problems are slowing progress 
in bionics, a surprising amount of work is going 
on—probably scores of projects. An exact count 
cannot be made because of the difficulty of 
classifying many programs. Most projects in
volving both electronics and biology, apart from 
those in medical electronics, are not purely 
bionic, though they may serve bionics purposes.

Prime mover in bionics is the Air Force— 
specifically two close-working groups in the Di
rectorate of Advance Systems Technology in the 
Wright Air Development Division: the Bio
Acoustics Branch of the Aero-Space Medical 
Div., and the Bionics and Computer Branch of 
the Avionics Div. Both groups are at Wright- 
Patterson Air Force Base, Ohio.

rhe Air Force’s Office of Scientific Research 
is supporting many basic-research programs, 
which though not primarily bionic, are poten
tially important to the bionics effort, and are 
considered so by OSR. Rome Air Development 
Center has directed at least one bionics project.

The Navy, through the Office of Naval Re- 
•earch is also supporting much bionics research.

WADD, in contrast to other organizations, be
ieves that bionics as a concept is not premature. 
The WADD group cites three reasons why such 
R&D should be pursued now:

■ Modern electronics technology is permitting 
the consideration and construction of devices 
with the high parts-densities, low-power require
ments and other characteristics that appear to 
be needed by bionics systems. Electron-beam-

Major classifications 
of bionics

Areas of 
Applied Research

Electronic and 
Other Significance

Biological systems

Perception mechanisms
Normal, abnormal psychology
Perception parameters
Analysis of time series

Reduced disorientation accidents 
Diagnostic data reduction 
Channel conservation 
Psychotherapy

Biological components

Analysis by receptors 
Neuronai processes
Transfer functions 
Transducer mechanisms
Organic structural properties

Optimum use of sensory channels
Improved prosthetic units 
Effective warning devices

Analysis, theory 
and logic

Theory of automata 
Stochastic processes 
Theory of invariants 
Topology 
Information theory

Advanced problem formulation 
Iterative solutions
New symbolism
Reliable diagnostic tests
Brain function analysis

Neoteric techniques

Non-synchronous multiplexing
Concept formation
Auto, focusing and tracking
Automatic programing
Error elimination

Secure communication 
Channel conservation 
Diagnostic potential 
Automatic photo reading 
Self-adaptive reliability

Synthesized components

Logical transducers
Synthetic neurons
Non-resonant freq, analyzers
Nonlinear elements
Polymer & solid-state units

Voice-controlled switching 
Automatic speech recognition 
Novel instrumentation 
Signal/noise enhancement 
Bionic sensois, transducers

Systems synthesis
Self-adaptive control 
Pattern recognition 
Association systems 
Logical machinery

Retrieval of information 
Target identification 
Learning machines 
Discrimination machines 
Decision formulators

etched microminiature elements, thin-film de
vices, and ferrites are already proving useful in 
bionics developments.

• The availability of computers and newly 
developed mathematical techniques is permit
ting construction of models of complicated proc
esses, and these in turn help the direct analysis 
of biological data.

■ The need for information-handling devices 
of enormous capability and probably of great 
complexity is increasing, and this is forcing re
searchers to examine novel approaches to proc
essing information.

First Step: Neuron Simulations
Because of the pressing requirements for 

vastly improved information handling, most 
bionics research is on computer elements. These 
generally take the form of simulations of 
neurons, transducing cells that are the basic ele
ments of nerve networks. In biological systems, 

neurons permit cortex or brain tissue to receive, 
transfer, process, and store information to permit 
system operations in order to adapt to changed 
environments.

Among the organizations in the United States 
that have built electronic analogs of neurons are 
Rockefeller Institute, Bell Telephone Labora
tories, Stanford Research Institute, Applied 
Physics Laboratories, GE, the University of 
Illinois, Aeronutronic Div. of the Ford Motor 
Co., Lockheed Electronics, RCA, MIT, and 
Litton Industries.

Much of the work of these organizations and 
others, like Melpar, Inc., and Raytheon, which 
are planning to build neuron simulations, is be
ing pursued in the hopes that single neuron 
analogs could be constructed and be arranged in 
networks that could process information with 
some of the facility of living organisms. Such net
works would have high reliability, high speeds 
and, most important would be made self-organiz-
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REPORT ON BIONICS
Electronic Neurons

Or four practical approaches to designing the basic 

element of bionic information-processing systems.

This early simulation built at 
Rockefeller Institute is based on 
the classic Hodgkins-Huxley model 
of neuron behavior, which de
scribes cell activity in terms of 
membrane potential, sodium-ion 
conductance and polarization.

The voltage and time-dependent 
sodium resistance of the neuron’s 
membrane is simulated by a 
2N207A transistor. In the satura
tion region of this transistor the 
collector-current - collector - voltage 
characteristic is a crude approxima
tion of a constant resistance, the 
magnitude of which depends on 
the base current. The base is driven 
by a control signal to give a resis
tance voltage and time dependence 
similar to that of the sodium resis
tance of the nerve membrane.

A voltage proportional to the 
turn-on effort of the cell, which 
increases sodium conductance in an 
actual cell, is generated by an in
tegrator of the membrane potential 
change, the output of which is 
clamped not to exceed a fixed

Shown above is a still more 
sophisticated simulation. Developed 
by General Electric, it is capable 
of adaption and could be modified 
for perceptron experiments.

Ten excitatory and 10 inhibitory 
innuts are weighted so that the 
cell may operate on the basis of 
the difference between the 
weighted sums of the excitatory 
and inhibitory input signals.

Adaption is initiated within the 
cell whenever the integral of the 
output determined over a given 
time interval is larger than some

EXCITATION 
WINDING

INPUTS 
(INHIBIT 

OR EXCITE

2N2O7A

0 5v

CONTROL 
SIGNAL GENER
ATOR

value. The integrating capacitor is 
discharged through the transistor, 
which is biased so that it is highly 
conducting when the membrane 
potential is near its resting value.

A voltage proportional to the in
activation, or turn-off effort, is gen
erated simply by an integrator of 
the membrane potential change 
with a large time constant.

The turn-off fraction of the 
turn-on value of the sodium con
ductance is taken by a multiplier 
consisting of the voltage divider 
shown. The lower arm of the di
vider is the transistor, whose base 
is fed in the turn-off signal arranged 
so that as the signal decreases, the 
transistor conducts more heavily.

specified value. This produces a 
brief state during which the rate at 
which the cell can be fired by an 
exciting input signal is reduced.

Each of the exciting inputs has 
a multiplier, memory and means 
for changing the memory associated 
with it. Summation of the inputs is 
performed by the summing ampli
fier. The threshold circuit is a 
monostable vibrator that produces 
a pulse whenever the output of the 
summing amplifier exceeds the 
threshold level. This pulse in
creases the gain of the exciting 
channels that contributed to the 
firing of the cell.

The memory unit shown, which 
is the key component of the simula
tion, is a transfluxer on which 
pulse excitation is used. The un
block winding is fed from the input 
AND gate and serves to increase 
the transfluxor output by an in
crement each time it is pulsed. The 
block, or forget, winding receives 
pulses from an external source at a 
fixed rate and causes the trans
fluxor output to decrease by incre
ment with each pulse. The de 
lockup winding is provided to 
maintain the transfluxor in the 
maximum memory state once it has 
been reached.

OUTPUT

¿2OK

INHIBITORY INPUT L.Tz.Tj.T^ ARE 
2N224 OR 
EQUIVALENT

01

This electronic neuron, devel
oped at Bell Telephone Labora
tories is a four-transistor device 
with variable threshold capable of 
an integrating time constant of 2 
msec and a refractory time con
stant of about 10 msec. These 
values approximate those of bio
logical neurons.

Quiescent threshold is from 1 to 
5 v, depending on the number of 
inputs connected. The output-pulse 
level is 10 v. These levels are many 
times greater than those in nerve 
tissue, but the ratios between thres
hold and output levels are com
mensurate. These ratios in part de
termine the characteristics when 
several cell outputs combine.

Output pulse duration is about 
4 msec, which is considerablv 
greater than the action spike length 
found in biological nerve, but it 

second-order rise (or exponential 
rise, depending on the reference 
used) of the membrane. RT and CT 
determine the pulse width, as in a 
conventional multivibrator. Capaci
tor Cq is the feedback, which was 
added to achieve the refractory pe
riod, also determined to some ex
tent by C2.

By varying C2 and C3 it is pos
sible to vary the refractory period 
from 1 or 2 msec to about 50 
msec, though it becomes imprac
tical to raise the period to 100 
msec.

The threshold is determined by 
Re, which can be made to have any 
range desirable. In the particular 
simulation, the negative output was 
used to simulate an inhibitory pulse 
when three such cells were inter
connected. Inputs were randomly 
spaced 1-msec pulses of fixed am
plitude to simulate noise inputs. 
Output was a standard pulse of 1 
msec and 15 v. Maximum firing 
rate was about 500 cps.
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can be shortened by use of a suit
able differentiating network. Out
put characteristics are compatible 
with the excitatory and inhibitory 
input requirements such as a chain 
or network can be readily assem
bled. One unit will drive up to 100 
others without serious deterioration 
of output waveform or output 
level.

L. D. Harmon, of Bell Labs, 
reports that the simulation can be 
used to give either single-pulse out
puts or variable-frequency pulse 
trains, aepending on the nature of 
the input.

Photoresistive cadmium selenide 
cells have been used with this 
model to simulate some of the sim
ple structures and functions of the 
retina. The relatively simple unit 
is said to cost less than $10 to con
struct.
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ling. The self-organizing feature would permit de- 
Lign of systems that would combine high per- 
Lormance with small size.

Current work with neuron analogs appears to 
I fall into two categories. One group of workers, 
I including some at Bell Labs and the University 
I of Illinois, believe that because operation of the 
I cortex networks will not be understood for a 
long time, effort should be concentrated on de
veloping neuron models patterned as closely as 
possible on actual neurons, rather than on con
necting arrays of neurons. This would permit 
better understanding of neurons, which, in turn, 
would make possible better analogs.

Other researchers, however, like the percep
tron builders at Cornell Aeronautical Labora
tories, are less concerned with developing precise 
simulations of the neuron than with interconnect
ing arrays of approximate analogs, the analogs 
having only some of the properties of neurons.

Though the approaches taken by the neuron 
simulators vary, the goal is generally the same— 
an adaptive element, which, like a neuron, is a 
transducer with a binary output and two general 
types of inputs. Within its operating limits it 
takes an input signal of varying character and 
either fires an output signal or does not. The out
put signal is standard if produced at all. Input is 
either excitatory or inhibitory. Though some 
neurons can be considered binary switches, ac
tual neurons cannot, because they have non
linear characteristics.

What the Neuron Does
L. D. Harmon, of Bell Labs, describes the 

general properties of a biological neuron in terms 
of its input and output this way:

“Input. Inhibition: A particular input connec
tion to a neuron can, while energized, inhibit 
firing of the neuron by other inputs.

"Excitation: Other input connections to a 
¡neuron will, if sufficiently energized, always fire 
the neuron if certain conditions are met.

"Threshold: A neuron may be fired if the trig
gering energy supplied to it exceeds a certain 
threshold value within a time limit. Theie are 
input pulses which have insufficient amplitude 
to cause firing no matter how long they last. This 
threshold is variable, being a function of the 
previous history of firing of the neuron.

“Refractory period: Immediately after firing, 
a neuron’s threshold rises effectively to infinity 
and for a period on the order of a few milli
seconds, no input signal can fire the neuron 
again. This absolutely refractory period is fol
lowed by a relatively refractory phase. During 
this second phase a decreasing threshold is ob-

ACTUAL SIZE

OHMITE
Series 77

ISION 1
ETAL FILM RESH

Excellent High Frequency 
Characteristics

High Stability, Low Noise

Exceeds Military
L Specifications ~

At last you can get quality metal film resistors, with all 
their advantages, at prices competitive with precision 
wire-wound units. In fact, some values are actually 
priced lower.
EXCEEDS MILITARY SPECIFICATIONS—Ohmite metal film 
precision resistors exhibit great stability under load at 
ambient temperatures of 150°C and higher, as well as in 
high humidity. Stability in storage is also excellent. A 
shelf-life test (covering a period of 4*^ years) of 93 units 
in the 60 to 300 K-ohms range showed less than 0.05% 
maximum change in resistance. This stability together 
with low temperature co-efficient, low noise level, and 
unexcelled high frequency characteristics, are the reasons 
why Series 77 metal film resistors are demanded for both 
military and industrial applications.
Write for Bulletin 155

OHMITE
OHMITE MANUFACTURING COMPANY
3643 Howard Street 
Skokie, Illinois

NEW 
2-WATT 

SIZE
♦MIL-R-10509C fMIL-R-19074B

Ohmite 
Basic 
Style

MIL
Sizes

Dimensions (Inches) Full Wattage 
Rating at Min-Max 

Ohms
Max 

Rated 
VoltsLength Diameter 125°C 

Amb.
150°C 
Amb.

771-1 — "At .400 % 25-250K 350
771-2 — Vs .600 Vi Vs 251K-400K 350

772-3C RN65*
RI92f Ys ”44 Vs Vs 50-125K 300

772-3CJ RI92+ Ys ”44 Vi Vs 50-85K 300
772-1 — 5/8 2,44 Vi Vs 25-250K 350
772-1C — s/8 ”44 Vi % 25-250K 350

772-2 RN72*
RI94t "At ”44 Vi Vs 25-400K 350

772-2C RI94t "At ”44 Vi Vs 25-400K 350

772-2CS RN70*
RI94f "At ”44 Vi Vs 25-350K 350

772-2J RI94f "At ”44 1 — 25-400K 350
"At ”44 — Vi 25-150K 350

772-2CJ RI94+ "At "Âi 1 — 25-400K 350
"At ”44 — Vi 25-150K 350

772-8 RI96f lJ/fa 1 Vi 100-1 meg 500

772-8C RN75*
RI96f P/fe "/a 1 Vi 100-1 meg 500

■772-10 — 2% »Ä4 2 — 200-2.5 meg 750 j

772-10C RN80* 2%i ”44 2 — 200-2.5 meg 750 J

R. F. CHOKES GERMANIUM DIODESRHEO$TAT$ RESISTORS RELAYS TANTALUM CAPACITORS TAP SWITCHES VARIABLE TRANSFORMERS
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IFG-300
Integrating Floated Gyro

CONSISTENT RELIABILITY
in production-quantity miniature floated gyros

with trimmed drift rate of

Designed-in reliability and the most precise production techniques have 

combined to produce the new ZERO-ONE Gyro. The first in a new series 

of IFG-300 integrating floated gyros, the ZERO-ONE is a proud achieve

ment in the long line of gyro developments by REEVES.

The combination of high reliability and extreme accuracy make the ZERO- 

ONE Gyro the ideal choice for guidance and stabilization systems where

guaranteed performance is paramount.

For complete specifications, write for data file 209.

Qualified engineers seeking rewarding opportunities in these advanced fields are 
invited to get in touch with us.

TYPICAL SPECIFICATIONS

Trimmed Drift Rate: 0.01 degrees/hr

Angular Momentum: 300,000 c.g.s. units

Damping: 300,000 c.g.s. units

Nominal Signal Generator Sensitivity: 
10 mv/mr @ 50 ma, 400 cps

Torque Generator Sensitivity Range: 
0.05 to 3.0 degrees/hr ma2

Time Constant: As low as 0.4 msec.

Mass Unbalance: 0.4',/hr/g

Anisoelasticity: 0.003c/hr/g‘

Dimensions: 1 8 in. x 2.75 in.

REEVES INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America • Roosevelt Field, Garden City, New York 
7RV60

REPORT ON BIONICS

Bionics and Contracts

Most bionics research is financed by one or 
more of the research branches of the Air Foice 
or Navy. The following projects currently 
sponsored by these services are either directly 
bionic or are basic research considered of po
tential value to future bionics or electronics 
systems. Most of these projects are funded by 
the Office of Naval Research and the Air 
Force’s Office of Scientific Research. Wright 
Air Development Division is about to announce 
letting of contracts for an additional 
purely bionics projects.

series of

U. of Illinois. Self-organizing bionic 
(See p 54)

Applied Physics Laboratory. Neuron 
ments and simulation. (See p 40)

systems

measure
General Electric. Construction of an electronic 

neuron. (See p 40)
Stanford Research Institute. Neuristor logic. 

(See p 48)

served, approaching the pre-firing threshold and 
reaching it after a few tens of milliseconds.

“Summation: Two or more input pulses, each 
of insufficient energy to excite a neuron, can be 
integrated by the cell so that firing occurs. To 
be successful, this summation must occur within 
a maximum time, typically on the order of a 
millisecond or so. Since these inputs may arrive 
via different pathways, there can be both spatial 
and temporal summation.

“Output: The output of a neuron is ‘alLor- 
none.’ If firing occurs, then a pulse of standard 
amplitude and duration is produced. There are 
exceptions, of course, but as a first approximation 
the energy per output pulse may be considered 
constant.”

Eye and Ear Neuron Analogs Coming
Workers at Bell Labs have built several 

sions of electronic neurons, including the 
ver
one

shown on p. 40, which operates in several modes 
and is said to be useful for simulating peripheral 
receptors such as retinal elements. Mr. Harmon 
has developed a conceptual model of an analog 
that would have some of the properties of an 
eye. It is implemented with simulated neurons, 
filters and other components. Work is also un
derway at Bell Labs on an artificial neuron pat
terned after neurons of the cochlea, a trans
ducing organ of the human ear. Breadboarded
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Cornell Aeronautical Laboratory. Perception 
studies. (See p 50)

National Biomedical Research Foundation. How 
to construct and use a billion-gate computer 
(mathematical analysis).

U. of Arizona. The antenna of moths as a model 
for antenna design.

American Museum of Natural History. Com
munication behavior in fishes.

Aeronutronic. Tiny magnetic integrating core. 
(See p 40)

LI. of Wisconsin. Orientation of aquatic animals 
—especially by olfactory processes.

U. of Minnesota. Electrical characteristics of 
living tissues and excitatory processes.

Princeton U. Physiology and chemistry of bio
logical clocks. This and following project 
are part of a broad program to learn more 
about internal clocks of living systems.

Northwestern U. Rhythmic variations in meta
bolic rate.

Duke U. Migratory behavior of pigeons.

U. of California. Physics of cell division, with 
emphass on information transfer.

rQt PDic
" Commonwealth Research Institute (Virgin Is

lands). Intellectual capability of porpoises, 
sasuro*

Catholic U. Setting up a biological mathematics 
center to interest mathematicians in biology, 

ptronic
U. of Oregon. Analysis of waves in ear.

logic. Syracuse U. Multidimensional information 
theory, for analysis of patterns.

Illllllllllllllll
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d and ircuits of transistors and resistors mounted on
s.
, each 
an be 
•s. To 
vithin 
of a 

arrive

}-by-4-in. circuit boards have been duplicated 
nd are being used in conjunction with an ex

isting analog of the cochlea to study network 
activity. W. A. van Bergeijk, who developed the 
cochlea neuron analog, is proposing that all 
artificial neurons be called neuromimes. He sug
gests that the suffix -mime be used to describe

patia analogs of any biological system.
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The Artron: Neuron-Based Learning Machine
An example of an application for neuron ana

logs has been designed by R. J. Lee, of Melpar, 
Inc., who is developing a turtle-type machine 
with generalized learning ability. The artificial 
neuron on which a theoretical model of the ma
chine is based is called the artron by Mr. Lee. 
Like the neuromime, it is in the breadboard 
stage of construction.

As shown in the drawing, the artron has two 
inputs, reward and punish, which correspond 
to the excitatory and inhibitory inputs of the 
Bell Labs and other neuron simulations. An
other pair of input channels is used in trans
terring signals in logical operations from artron 
to artron in conjunction with a branched output 
channel. The logical gating functions of the 
a tron operate in one direction, from the a and 
b inputs (dendrites in actual neurons) to the 
o itput channel (corresponding to the neuron

READ DIRECTLY 

l/z/za 
and 1//I/

IO times previous accuracy, drift less than 

± 4pv per day, noise less than 0.2 pv!

New 425A Microvolt-Ammeter

Use of a photoelectric chopper instead of a mechanical vibra
tor, insuring low noise and drift. Protection against 1,000 volt 
momentary overloads. New probe minimizing thermocouple 
and triboelectric effects. Heavy ac filtering.

Above are but a few of the reasons why the new 425A 
does the work of complex equipment arrays faster, more sim
ply and with 10 times previous accuracy.

In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 megmegohms, 
in conjunction with an external constant current.

Get complete details today from your -hp- representative, or 
write direct.

SPECIFICATIONS
MICROVOLT-AMPLIFIER

Voltages: Pos. and neg. 10 pv to 1 v full scale. 
11 ranges, 1-3-10 sequence.

Current: Pos. and neg. 10^/ta to 3 ma full scale. 
18 ranges, 1-3-10 sequence.

Input Impedance: 1 megohm on voltage ranges, 
1 megohm to 0.33 ohms on current ranges.

Accuracy: —3% full scale.

AMPLIFIER:
Frequency Range: de to 0.2 cps
Gain: 100,000 maximum
Output: 0 to 1 v, adjustable
Output Impedance: 10 ohms,

PRICE: $500.00 f.o.b. factory

Data subject to change without notice

HEWLETT-PACKARD COMPANY
5026K PAGE MIU ROAD . PALO ALTO, CALIFORNIA, U.S.A.

CABLE "HEW PACK” . DAVENPORT 6-7000 
HELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

presenting 30 basic new instruments in one year!
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Wiring of the elements of the active array 
permits weighting of inputs as shown. Circuit at 
upper left is for npn units, circuit at lower right, 
for pnp units. Each photocell is 1 cm sq. Circular 
drawing at upper right shows relative weights of 
inputs; threshold corresponds to plus one half.
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operators as some particular invariant charac
teristic, for example, ‘having four sides," ‘being 
- perfect third," ‘being hard, the device can be 
considered a property filter.”

He adds, “It should be noted that each trans
ducer in the input array is in itself a valid 
property’ filter insofar as it has a limited or 
selective sensitivity to certain “environmental 
variables.”
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REPORT ON BIONICS

Model of a turtle-type learning machine 
under development at Melpar, specifies a 
network of artificial neurons in feedback 
circuits to modify machine's operation in 
accordance with reward and punishment 
signals. Artron unit is a simulation of an 
actual neuron. Inputs a and b correspond 
to the dendrites of neurons. Output cor
responds to neuron axons. The 16 possible 
logic states of the artron, which are listed 
at the right, are selected as required by 
environmental changes. A possible goal for 
such a machine would be keeping its source 
of power charged.

Or how to save “computer” time by 
processing only needed information
An important characteristic of biological 

systems has recently been established—pro
perty filtering. The concept promises to have 
far-reaching effects on sensing and input sys
tems of the future and has already led to con
struction of a device that senses ‘n-ness.”

The relationship of a property filter to sen-
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clarified by quoting a question put by re
searchers at MIT, who verified the existence of 
property filtering in a frog’s eye:

“The assumption has always been that the 
eye mainly senses light—whose local distribu
tion is transmitted to the brain in a kind of 
copy by a mosaic of impulses. Suppose we held 
otherwise, that the nervous apparatus in the 
eye is itself devoted to detecting certain pat
terns of light and their changes corresponding 
to particular relations in the visible world?’ 
The MIT team then showed that the frog’s 
eye actually does deliver a filtered, highly- 
organized signal to the brain.

Described another way, a property filter is 
an information-processing network that pre
organizes data for self-organizing systems by 
extracting from the set of all possible inputs a 
particular subset defined by the internal struc
ture of the network. Paul Weston, of the Uni
versity of Illinois, describes a simple electronic 
property filter built at his lab as follows:

"The device consists first of the customary 
finite array of peripheral transducer elements, 
analogous to those seen almost universally in 
biological individuals. Secondly, these ele
ments supply signals to a non-adaptive en
coding device with a single two-valued output 
so that all possible input patterns are divided 
into two categories. When one of these cate
gories coincides with the set of input patterns 
d playing what is recognized by its human 

axon). The artron has 16 states and a delay 
capability.

When the axons of one artron stage are sol
dered to the dendrites of another to form a i et- 
work, each artron would initially be uns oe- 
cialized. The goals of the machine would also 
be unspecialized. As goals are specified during 
the course of learning, criteria would be estb- 
lished for adaptation to a wide range of en
vironments. The artrons would gate their a and 
b inputs according to the alternative binary 
logic available to them.

Initially, noise generators cause the logic to 
fluctuate in each artron. For the conditioning 
process, however, the model rewards or pun
ishes itself by means of the goals, according to 
the trial-and-error feedback. By associating logic 
that has arisen in each stimulated artron with 
reward or punishment, the noise generators are 
biased to make such logic more persistent or 
less persistent, respectively.
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A device called a “numa-rete” has been built 
at the University of Illinois to demonstrate the 
concept of property filtering. It automatically 
counts the number of black objects that are 
simultaneously presented on a light field to its 
12-by-12-cell “retina,” subject to inherent reso
lution limitations. The device has a similar 12- 
by-12 array of “ganglion cells” each receiving 
an absolutely inhibitory signal from its associ
ated retina cell when this is in a lighted part 
of the pattern.

The network is a rectangular array of photo
cells connected point-by-point to an indentical 
array of flip-flops. These are connected bilater
ally along rows and columns of the array such 
that when one is in its “on” state, it will force- 
those directly connected to it to go on, pro- 
v ided these are connected to photocells in 
shadow. Lighted photocells prevent the associ
ated flip-flops from going “on.”

Operation begins with all flip-flops in the 
“off" state. Several distinct shadows of objects 
of any shape are allowed to fall on the retina, 
and a flip-flop connected to a photocell under 
one particular shadow is turned on. All other 
units under the shadow will go “on” while the 
remainder of the network is unchanged. A 
scanning program which turns “on,” sequen
tially, all «dements which are “off” and not inhi
bited by a photocell signal will thus reveal all 
of the objects in turn. Appropriate output sig
nals are obtained by observing changes in state 
of the over-all network, there being one of 
these for each separate object during each 
scanning program.

Simple extensions of the device could yield 
size and position information for each object 
as well, state the designers. At the university, 
property filtering capability is being built into 
a sensory device that will serve as input for a 
sophisticated learning machine (see p 54).
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I Experience Means Organization

The result is to favor selective re-enforcement 
land stabilization of rewarded logic, so that the 
lartrons become specialized with experience, and 
I organization is promoted in the network. Spon
taneity is replaced by consistency as learning 
I proceeds, although the model will alter logic 
[functions to meet changing environmental con
ditions. Chains or interconnecting circuits and 
feedback loops composed of artrons can evolve 
by this process, though present theory is limited 
to fairly uncomplicated cases.

The goals are pro-survival. For example, one 
goal may be to keep a battery—serving as a pri
mary power source—charged. A trainer may thus 
charge the battery if the machine is able to 
recognize elementary patterns. Or the machine 
may run a simple maze, in a situation not in
cluding a trainer, and obtain a charge (and 

¡hence a reward) by running up against a bat
tery charger after proper navigation. In general, 
for simple situations, the machine would tend 
to learn whatever is necessary to keep its battery 
charged, or to satisfy other goals which need 
not be specialized to particular problems. The 
system would be self-actuating and programed 
by environment to generate solutions to what
ever specific problems may arise.

I Bionic “Plugsucker” in Design

A similar device is being planned at the Ap
plied Physics Laboratory of Johns Hopkins Uni- 
|versity. However, the APL “thinking” machine 
[will be built first with a standard logical net- 
| work as its brain. Layout work is now in progress 
| on the machine, which will be programed to 
ride on caterpillar tracks and seek wall sockets 
to recharge its batteries. The “plugsucker” will 
be built so its original logic net may be inter
changed with a second, neuron-type network. 
Researchers at APL expect that by observing 
the organization of the first network they will 
learn information useful in designing the neu
ron-analog network.

V. J. Caggiano, of APL, has built a neuron 
simulation based on principles suggested by 
recent measurements of actual neuron pulse sig
nals. In this simulation, which is diagrammed 
on p 40, inhibition is accomplished by “pulling 
out” pulses from the train of a neuron-analog’s 
output by nullifying the effect of a positive 
pulse with a negative pulse so that potential at 
tie “synapse” of the artificial neuron is kept be
low threshold level.

In the APL analog, nearly all of the actual 
neuron’s characteristics are simulated by a multi
vibrator circuit. APL reports that a one-shot

HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY:
The exceptional uniformity you get in tape-wound Centri
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity:
Careful classification of materials—Raw alloys are first 
“pedigreed”—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We’re the largest buyer of nickel alloy magnetic materials 
in the world ... which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties.
Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti
mate performance of Centricores.

ï

AGNETIC

Closely-controlled annealing—Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform
ance to uniformly high levels.
Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu “79”, a new 
high-performance alloy we’ve developed. It has outstand
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance.
WRITE FOR BULLETIN C-3

★Special sizes, shapes and thicknesses quoted on request.

SIZE MATERIAL THICKNESS

1 HIGH NICKEL
Hymu 80
Squaremu 79
Super Squaremu 79

.001”

THRU LOW NICKEL
Squaremu 49
Carpenter 49

THRU

225 GRAIN-ORIENTED SILICON
.004*Crystaligned 

Microsil

Magnetic Metals Company 

Hayes Avenue at 21st Street, Camden 1, NJ. 

transformer laminations • motor laminations • tape-wound cores 

powdered molybdenum permalloy cores • electromagnetic shield*
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“KEMET" CAPACITORS HELP CONTRIBUTE TO 

THE PERFORMANCE AND RELIABILITY OF THE 
BOEING 707 ELECTRICAL CONTROL

REPORT ON BIONICS

A transistorized panel showing position 
of a “Kemet” solid tantalum capacitor.

Uncovered control panel 
with transistorized panels 
in position.

Westinghouse Electric Corporation engineers are 
using "Kemet" capacitors in the control for the 
electric power system used on the Boeing 707. 
This most modern a-c electrical power system 
— each system comprised of a generator, 
control panel, voltage regulator and current 
transformer—provides optimum performance 
.. . simplified control .. . and automatic pro
tection so essential in jet transport operation.

Transistorized control panels utilize static 
components in place of conventional relay 
circuits to provide reliability equal to that of 
the equipment being protected. “Kemet” solid 
tantalum capacitors were specified to help 
achieve this purpose. These extremely rugged 
capacitors insure the reliability required to

“Kemet” and “Union Carbide” are 
registered trade-marks for products of

minimize maintenance and alterations ... the 
small physical size needed to reduce power 
plant bulk . .. and the stability of operation 
demanded by the power supply to insure 
maximum efficiency and dependability from 
the associated equipment. These “Kemet” 
capacitors, along with the other components 
of this electrical system, help provide precise 
instrumentation data to the crew and offer in
creased safety and comfort to the passengers.

You can apply the proved reliability and 
performance of “Kemet” capacitors to your 
equipment. For details, write Kemet Com
pany, Division of Union Carbide Corporation, 
11901 Madison Avenue, Cleveland 1, Ohio.

KEMET COMPANY UNION 
CARBIDE

multivibrator gives a fair simulation of the mein 
known properties of a neuron, except for provid
ing an equivalent of the neuron’s capability for 
adaptation.

In another APL project, neurons are being 
simulated on an analog computer. Although a 
great many neuron programs exist for digital 
computers this is believed the only analog simu
lation. F. F. Hiltz, of APL, who designed the 
program for an Electronic Associates 1631R 
computer, reports the use of an analog com
puter makes programing and wiring changes 
simple. The computer’s capability is augmented 
by attachments.

The program is said to describe the complete 
generalized cycle of neuron activity from inade
quate to adequate stimulus. As in actual neu
rons, spacing of pulses in the output signal of 
the analog computer simulation is pseudo-ran
dom. The program makes use of Polissar equa
tions, which describe potential across a cell 
membrane and how potential is transferred along 
an axon. To include nonlinear characteristics in 
the simulator, which the Polissar analog equa
tions do not describe, an attachment consisting 
of a series of five single-shot vibrators is wired 
into the computer.

General Electric researchers have reported a 
neuron simulation that exhibits adaptation. In 
this analog, which is shown on p. 40, each of 
the inputs is different. Adaptation is initiated 
within the analog whenever the integral of the 
output over a given time interval is larger than 
some specified value. This produces a short
lived state during which the firing rate of each 
cell is reduced.

This artificial neuron was constructed as a 
feasibility model that originated from company 
studies of neural nets. Though it is not being 
used at present, it has enabled the company to 
pursue a more ambitious project under a con
tract let by WADD.

Neural Activity via Electroluminescence
GE’s electronics laboratory at Syracuse, N.Y. 

is developing a single-neuron analog that will be 
constructed of about 90 pairs of thin-film elec
troluminescent cells. Most of the elements have 
nonlinear characteristics, and the finished simu
lation will be adaptive. The device is reported 
to be based on equations for neural activity 
provided by WADD. These equations require 
the element to perform many multiplications
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and summations, which the GE designers have 
decided will be done by analog methods. Be
cause the multiplications will be analog, the 
company is using electroluminescent rather than 
magnetic thin films, which would have provided 
digital operation.

One of the requirements of any neuron in
tended for inclusion in complex networks in 
large numbers is that they be reproducible at 
low cost. GE is attempting to deposit the photo- 
conductive thin films on glass substrates in quan
tities of hundreds at a time. But the problems 
arising from reproducibility requirements are re
ported to be delaying progress. In addition, the 
minimum size and power requirements specified 
by the Air Force for the completed unit are said 
to be hard to meet.

Quads: Redundancy at Component Level
One characteristic of biological systems ap

pears to be the use of redundant components 
and circuits to achieve reliability. This idea is 
being exploited at Magnavox, where engineers 
in the company’s research laboratory7 are elab
orating on a revolutionary approach to reliability 
through component redundancy that reportedly 
originated at the University of Michigan.

The technique is to quadruple each circuit 
element in a closed-H configuration with two of 
the four identical components in parallel and 
two in series so that if in any circuit one com
ponent fails, three more of that component will 
remain to function; if two components fail, two 
will still function; and if three fail, the remain
ing component will carry on the function of the 
original four and will enable the parent circuit 
to operate at a tolerable efficiency.

The values of any components of any “quad” 
are chosen to give the complete quad circuit 
the nominal characteristics it needs to function 
within the parent circuit. This circuit is in tum 
designed to tolerate the variations that would 
result from failure of one or more individual 
components, and a similar toleration would be 
designed into each succeedingly larger circuit 
and subassembly.

The Magnavox designs, on which patents are 
being sought, result from a design study of a 
satellite communications system that was to op
erate without maintenance for one year. So far 
the company reports that it has successfully de- 
s’gned a family of flip-flops and AND and OR 
gates. Plans, reportedly, call for inclusion of 
these logic circuits in the company’s own com- 
mters. Magnavox says that computers built with 
conventional techniques to the reliability achiev
able with quadded computers would be pro- 
ribitively large.

Other new approaches to better computer 
esign are being uncovered by bionics research.

(continued on p 49)

DISTRIBUTION NETWORK OFFERS MAXIMUM SERVICE 
TO BENDIX CONNECTOR CUSTOMERS

Important Supplement to Factory Facilities:
This distribution network was built to serve you
promptly from strategically located stocks—and 
is, in effect, an extension of the same quality custo
mer service we maintain at our Sidney plant. Rigid 
factory assembly and quality control standards 
are observed at all our field locations. Check the 
appropriate map section for the source nearest you.

DISTRIBUTION CENTERS:
LOS ANGELES 16, CALIFORNIA 
Avnet Corporation, 5877 Rodeo Rd. 
SUNNYVALE, CALIFORNIA 
Avnet Electronic Corporation of Northern California 
1262 No. Lawrence Rd. (P. O. Box 568)

SALES OFFICE & FACTORY BRANCH:
LOS ANGELES, CALIFORNIA 
117 E. Providencia Ave.
Burbank, Calif.

SALES OFFICE:
SEATTLE, WASHINGTON

_8425 First Ave. S.
C) NORTHEAST & GREAT LAKES STATES

DISTRIBUTION CENTERS:
WESTBURY, LONG ISLAND, N. Y. 
Avnet Electronic Corporation 
70 State St.
MELROSE PARK, ILL.
Avnet Electronic Corporation of Illinois
2728 No. Mannheim Rd.

SALES OFFICES:
NEW YORK 
545 Cedar Lane 
Teaneck, N. J.

CHICAGO, ILL 
4104 N. Harlem Ave.

SOUTHEASTERN STATES
DISTRIBUTION CENTER:

MIAMI, FLORIDA 
Airwork Corporation 
1740 N. W. 69th Ave.

SALES OFFICE:
ORLANDO, FLORIDA 
1922 Taylor Ave. 
Winter Park, Fla.

•
 SOUTHWESTERN STATES

DISTRIBUTION CENTER: SX
DALLAS 7, TEXAS 
Contact Electronics, Inc. 
2403 Farrington St.

SALES OFFICE:
DALLAS 35, TEXAS 
2608 Inwood Rd.

•
 MIDDLE ATLANTIC STATES 

DISTRIBUTION CENTER: SALES OFFICE:
PHILADELPHIA 3, PA.
Harold H. Powell Company 
2102 Market St.

WASHINGTON 6, D. G 
1701 K St., N. W.

•
 EXPORT AND CANADA

EXPORT:
BENDIX INTERNATIONAL DIVISION, 
BENDIX AVIATION CORPORATION 
205 E. 42nd St.
New York 17, N. Y.

CANADA:
Aviation Electric Ltd., 
200 Laurentien Blvd. 
Montreal 9, Quebec

Scintilla Division
Sidney, N. Y. Av .ATiuN CORF '»RATION
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REPORT ON BIONICS

The Neuristor

Or how to synthesize digital logic functions with 
* in possibly only one planeonly one element and

H. D. Crane of the Stanford Re
search Institute has postulated a 
neuron-like computer element 
called the neuristor that may make 
possible compact, versatile com
puters that would have low-power 
consumption and only one com
ponent.

The neuristor can be considered 
a two-terminal active device with 
some of the properties of neurons: 
attenuationless propagation, uni
form velocity of propagation, and 
a refractory period. It would work 
this way:

Consider a two-terminal distri
buted active device made of a strip 
of thermistor material (active de
vice) connected in parallel with 
an equal length of a distributed 
capacitor (energy storage), the 
parallel combination being fed, 
along its length, by a uniform dis
tributed current (energy source). 
The distributed current source de
velops a uniform potential corres
ponding to the active region of the 
thermistor structure. In this condi
tion the channel is stable. If the 
distributed capacity has a magni
tude C per unit length, then in this 
equilibrium condition the channel 
is characterized by a ‘resting’ 
energy of 1/2 CV02 per unit length.

If any portion of the channel is 
suitably triggered (elevated to its 
active region) the energy stored at 
that portion is released into the 
channel with a corresponding in
crease of temperature of the local 
thermistor material. The increased 
temperature triggers the adjacent 
portions of channel, which in turn 
‘fire,’ releasing their stored energy 
into the channel with a corres
ponding rise of local temperature, 
resulting in the subsequent firing 
of adjacent portions of the channel, 
and so on.

In this manner, the discharge 
propagates at a uniform velocity 
and without attenuation. When the 
energy at any portion of the chan
nel is discharged, that portion is 
‘refractory’ and cannot again be 

fired until its associated energy 
storage is suitably recharged. This 
process is characterized in the 
drawing. The energy condition of 
the line (or channel) is shown at

„ WAVEFRONT 
7*7/  

I __r-^ ; —c

t5- 
*6

finiti

the instant of a passing discharge. 
For some distance behind the wave
front the associated energy storage 
is in various states of discharge 
(portion labelled D at t). Behind 
this region the line is recovering, 
the associated energy storage being 
(re) charged from the distributed 
energy source. This portion is la
belled C (for charge). The over-all 
length of the discharge and charge 
regions together represents the re- 
fractorv distance R. A second dis
charge can follow immediately be
hind the refractory distance, but 
not any closer since there would 
then be insufficient energy to sup
port this second discharge.

A very important consequence of 
the refractory period is that two 
discharge waves approaching each 
other on the same line annihilate 
each other upon collision, since at 
the instant of collision there is zero 
(or low) energy on either side of 
the collision point and neither wave 
can ‘pass.’ This condition is indi
cated in the time sequence of the 
figure.
How Neuristors Interconnect

Neuristors may be interconnected 
in two basically different modes, 
defined at T junctions and S junc
tions. A T junction has the property

Ts Ts 
(a)

that a discharge signal reaching it 
on any line triggers a discharge 
signal on every other connected 
line, each signal propagating away 
from the junction point with uni
form velocity. T-connected lines 
are coupled in their T variable. An 
S junction has the property that the 
refractory period following the pas
sage of a wave on any one line is 
simultaneously experienced by all 
S-connected lines; thus, all con
nected lines become mutually re
fractive as the result of the pas
sage of a wave on any one of them. 
S-connected lines are coupled in 
their S-variable (but not tneir T- 
variable). The connected lines share 
a common energy source so that a 
propagating signal on any one line 
discharges the (common) energy 
thereby making all channels mutu
ally refractive (but without trigger
ing discharge waves in the con
nected lines). A T junction (with 
three branches) is indicated by the

(b)

heavy dot in the second drawing. 
An S junction (between two chan
nels) is indicated by the cross
hatching between the connected 
channels.

/ (c) N

Before considering any simple 
logic arrangements it is necessary to 
point out that two waves approach
ing each other on an S junction, 
experience the same destructive

ti

♦2

collision process as two waves ap
proaching on the same line. The 
moving ‘block’ of D-and-C regions, 
symbolizing the propagating dis
charge, actually represents the 
state of energy storage. As a block 
moves onto an S region, the block 
cannot be said to belong to either 
line, but rather to the pair of lines, 
since the state of energy is always 
identical for each of the S con
nected lines. Hence, the blocks are 
shown on the same side of the 
junction, and the collision process 
takes the same form as already 
indicated in the first drawing.
How Neuristor Logic Operates

For the development of a logic 
system, consider first the storage of 
a binary variable. If a neuristor 
is close-looped, and is physically 
longer than one refractory length, 
then a pulse once started in the 
ring will circulate indefinitely. Thus 
the value of a binary variable can 

p

be ‘stored’ in a ring with the follow
ing representation: a pulse circu
lates in the ring to represent the 
value one, no pulse circulates to 
represent the value zero. The state 
of the variable can be read via a T 
junction as indicated in the figure. 
If the ring is circulating a pulse P, 
each time the pulse passes the 
junction it generates a pair of pulse 
P' and P"; the latter pulse con
tinues the circulation and the 
former represents an output pulse. 
During each ‘revolution’ of the 
pulse one output pulse is issued, 
so that the output line carries a 
uniform pulse train if the variable 
has the value one, but remains un
excited for a variable value zero.

NM

G

A basic gate structure is indi
cated in this drawing. The aim is 
to control the MN by means of a 
gate signal G. Thus, with no gate 
signal applied, a pulse may be 
passed at will over the line MN. 
However, a single gate pulse G 
inhibits the use of the line for some 
interval of time. As long as the 
pulse G propagates along the S 
junction, no pulse may be passed 
from M to N since it would be sure 
to collide with G, resulting in the 
annihilation of both pulses. Define 
t as the time of inhibition due to 
the pulse G.

To inhibit the line MN perma
nently it is only necessary to excite 
G from a pulse source whose pulse 
period T is less than t. A storage 
ring may be used for this purpose, 
as indicated here, so that if variable 

M N

X

ut

x=l the line MN is permanently 
inhibited to use, if x=0 the line is 
completely free for use. The struc
ture shown controls pulse propaga
tion from M to N only, but sym
metrical control can be obtained by 
use of a symmetrical gate. (Note 
that if T>t, then a probability of 
pulse passage along MN is ob
tained.)

This gate structure represents an 
elementary example of the logic 
facility possible with interconnected 
neuristors. This structure is some
what analogous to a relay coil and 
an associated contact. Actually, all 
digital logic functions may be 
realized in a simple manner by the 
extension of this approach.
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SILICON ZENER VOLTAGE REGULATORS
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Tarzian silicon voltage regulators, commonly called zener diodes, are constant 
voltage devices used to control output voltage of power sources and as voltage 
reference elements capable of operating over a wide temperature range. Hermetic 
sealing and mechanical ruggedness provide long term reliability even under the most 
adverse conditions.

Three power classifications cover a wide range of applications.

'A Watt Zener Regulators
Specifications 25°C.

LI '■I

1 Watt Zener Regulators
Specifications 25°C.

10 Watt Zener Regulators
Specifications 25°C.

NOTES: Standard tolerance is ±

Zener Test Dyn. Zener Test Dyn Zener Test Dyn
tarzian Volt. Cur. Imp. Jedec Tarzian Volt. Cur. Imp. Tarzian Volt. Cur. Imp. Jedec
Type (V) (Ma) (Ohms) Type Type (V) (Ma) (Ohms) Type (V) (Ma) (Ohms) Type

.25T5.6 5.6 25 3.6 1N708 1T5.6 5.6 100 1.2 10T5.6 5.6 1000 1 IN 1803

.25T6.2 6.2 25 4.1 1N709 1T6.2 6.2 100 1.5 10T6.2 6.2 1000 1 IN1804

.25T6.8 6.8 25 4.7 1N710 1T6.8 6.8 100 1.7 10T6.8 6.8 1000 1 IN1805

.25T7.5 7.5 25 5.3 1N711 1T7.5 7.5 100 2.1 10T7.5 7.5 1000 1 IN1806

.25T8.2 8.2 25 6.0 1N712 1T8.2 8.2 100 2.4 10T8.2 8.2 1000 1 IN1807
.25T9.1 9.1 12 7.0 1N713 1T9.1 9.1 50 3.0 10T9.1 9.1 500 1 IN1808

.25T10 10 12 8.0 1N714 mo 10 50 3.5 10T10 10 500 2 1N1351

.25T11 11 12 9.0 1N715 mi 11 50 4.2 10T11 11 500 2 1N1352
I Jhb 25T12

12 12 10 1N716 1T12 12 50 5.0 10T12 12 500 2 IN1353

-25T13 13 12 11 1N717 1T13 13 50 5.8 10T13 13 500 2 1N1354
I .25T15 15 12 13 1N718 1T15 15 50 7.6 10T15 15 500 2 1N1355
I .25T16 16 12 15 1N719 1T16 16 50 8.6 10T16 16 500 3 IN1356
I .25T18 18 12 17 1N720 1T18 18 50 11 10T18 18 150 3 IN1357

I .25T20 20 4 20 1N721 1T20 20 15 13 10T20 20 150 3 IN1358
I .25T22 22 4 24 1N722 1T22 22 15 16 10T22 22 150 3 IN1359
I .25T24 24 4 28 1N723 1T24 24 15 18 10T24 24 150 3 1N1360
I .25T27 27 4 35 1N724 1T27 27 15 23 10T27 27 150 3 1N1361
I .25T30 30 4 42 IN 725 1T30 30 15 28 10T30 30 150 4 IN1362
I .25T33 33 4 50 1N726 1T33 33 15 33 10T33 33 150 4 IN1363
I .25T36 36 4 60 1N727 1T36 36 15 39 10T36 36 150 5 IN1364
I .25T39 39 4 70 1N728 1T39 39 15 45 10T39 39 150 5 1N1365
I .25T43 43 4 84 1N729 1T43 43 15 54 10T43 43 150 6 1N1366
I .25T47 47 4 98 1N730 1T47 47 15 64 1OT47 47 150 7 IN1367
I .25T51 51 4 115 1N731 1T51 51 15 74 10T51 51 150 8 IN1368
I .25T56 56 4 140 1N732 1T56 56 15 88 10T56 56 150 9 IN1369

I .25T62 62 2 170 IN 733 1T62 62 5 105 10T62 62 50 12 1N1370
I .25T68 68 2 200 1N73A 1T68 68 5 125 10T68 68 50 14 1N1371
I .25T75 75 2 240 1N735 1T75 75 5 150 10T75 75 50 20 IN1372
I .25T82 82 2 280 IN 736 1T82 82 5 175 10T82 82 50 22 IN1373
I 25T91 91 1 340 1N737 1T91 91 5 220 10T91 91 50 35 IN1374
I .25T100 100 1 400 IN 738 1T100 100 5 260 10T100 100 50 40 1N1375

10% however, closer or wider tolerances are available on request.
Also available on request:

(a) Special voltage ratings.
(b) Symmetrical double anode types (for clippers).
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Coefficient

REGULATOR CIRCUIT

Ri

E

E, (max.) — E, Il (min.))P, (max.) = ( E,Ri

P, (max.) E,

— EE, P, (max, E,Ri Ri
NOTES: The above equations allow a tolerance of 10% to compensate for load regulation.
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"\ RiR,= ^

For constant load current but variable input voltage:
_ E. (min.) — Et

Ki — —j ; rj---------

Where the load current and input voltage are variable:
R E. (min.) —E,______

I (max.) + .Hl (max.)

E. — E, 
Ri

E. — E,

For constant input voltage but variable load current:
R = E, — E»

1 II (max.)-I-.1 II (max.)

Air Trimmers Semiconductor Devices

tn Canada: 700 Weston Rd., Toronto 9

SARKES TARZIAN SIL CON VOLTAGE REGULATOR ZENER DIODES
Characteristics and Application

Dynamic impedance is a measure of voltage change 
effects on operating current and provides a practical 
measure of regulating performance. Dynamic impedance 
is measured by superimposing a small AC current upon

VOLTS

The operating voltage of a silicon regulator 
changes with operating temperature. This character
istic must be considered in design. The following curve 
shows temperature—voltage relationships typical in 
silicon zener diodes.

Impedance
the DC test current and measuring the resultant voltage 
across the diode.

The following curves show the effects of voltage 
and current on dynamic impedance.

zener

Where:
Ri is the series resistor
E, is the source voltage
E, is the zener diode voltage
I. is the zener diode current
Il is the load current
P. is the zener diode power dissipation

As the input voltage increases the inverse bias across the 
zener diode will increase and cause a large current to flow. This 
increase will cause more current to flow through Ri and increase 
the drop thereby adjusting the load voltage. Load variations 
have a similar effect. The result is a substantially constant 
output voltage.

Determination of Ri is as follows:

L

If dynamic impedance is a significant percentage of the value of Ri, this must be taken into consideration.
A high impedance source presents additional problems and must be considered if it is significant compared to Ri.

World's Leading Manufacturers of TV and FM Tuners
Equipment FM Radios • Magnetic Recording Tape

Closed Circuit TV Systems • Broadcast

Export: Ad Aurieme, tnc„ New York
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Mt Stanford Research Institute, a program is un- 
■er way that may result in a new logical com- 
Monent promising to make possible the synthesis 
Mf conventional and unconventional digital logic 

unctions with arrays of only one neuron-like 
lenient. This component is called the neuristor 
y H. D. Crane who hypothesized it and who is 
ou completing a mathematical model of its be- 
lavior. Though so far hypothetical, the neuristor 
pay be realized as a distributed two-terminal 
active device in the form of a length of thermis
tor or four-layer diode material.
J The neuristor (see box on p 48 for detailed 
description), has attenuationless propagation, 
uniform velocity of propagation, and a refractory 
period. These are also the gross properties of 
he axon portion of a biological neuron. In the 

ieuristor, a signal is propagated along a one
directional channel as a discharge. Following the 
discharge is a refractory period during which a 
iecond discharge cannot be supported. There
fore, the neuristor may be considered a dis
tributed version of a chain of suitably intercon- 
lected lumped-circuit monostable circuits.

Homogeneity Called Key to Neuristors
Mr. Crane calls homogeneity the key charac- 

kristic of neuristor systems. On one level neuris
tors are homogeneous because, as a totally dis
tributed active-passive structure, they are both 
device and wire in one. Also, as mentioned, logic 
networks can be derived with neuristors only, 
vith no passively interconnected active lumps.
Another form of homogeneity results from in- 

ormation signals throughout the system being 
describable in identical variables. There are no 
transducers; there is only one technology in
volved in the whole system.

I Still another form of homogeneity exists, Mr. 
Crane reports. With neuristors, any digital logic 
system, planar or not, may be realized in a two- 
dimensional plane. Neuristors need not cross in 
three dimensions, but may be made to connect 
in a plane while preserving non-interacting 
propagation properties.

Mr. Crane’s work is being supported by the 
Office of Naval Research.

Perceptron Research Expanding
• Of all bionics projects, the most advanced in 
levelopment, and the most widely known, are 
these connected with perceptron research. Per
ceptrons are systems of particular types capable 
of performing cognitive functions such as rec- 
)g lition, classification and learning, either theo- 
fet cally or in actual practice. They may exist 
is nathematical analyses, computer programs or 

Ms hardware. They are self-organizing systems 
Ma ed on principles believed operative in the
V ' IRCLE 43 ON READER-SERVICE CARD
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AMP Incorporated
AMP products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • Franca • Holland • Italy • Japan • West Germany 
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AMP PINBOARDS can do a host of dry circuit 
switching or commoning functions . . . permit 
numerous matrixes in one assembly. Complicated 
switching functions can be accomplished by 
simply inserting or removing a pin.
You can use these PINBOARDS as modular 
building blocks for instrumentation applications, 
automated tooling, test equipment, data processing 
. . . any variety of size and grid arrangements 
in multiples of a basic 15 x 5 hole pattern.
Contact springs can be bussed in any combination 
desired. And for safety, there are no exposed 
conducting surfaces on the rear side of the board. 
The conducting area of the pin is safely inside 
board before contact is made with mating springs.

AMP PINBOARDS are factory pre-wired to your 
specifications . . . with standard or special silk 
screen legends. Designed for simplicity . . . 
flexibility . . . reliability . . . with three 
amperes continuous current rating.
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REPORT ON BIONICS

The Original Perceptron

Now hard at work on bionics research

PATCH 
PANEL

S-UNIT 
ARRAY

Waters new PT % 
and MIL-R-19/I A
At less than half the cost of the only other comparable unit, Waters introduces a new plastic case 
pot completely meeting MIL-R-19A and MIL-R-19/1A specifications! A true military pot at a commercial 
pot price! “0” ring shaft seal and complete internal sealing _______  _________ _______
virtually eliminate humidity, salt spray and similar environmental 
problems. Provides the same protection as encapsulation in w 
less space. Resistance range (ohms), ±5%, 1 to 20,000. Electri- 
cal and functional rotation, 355° without stops; 300° with stops. W
Dissipates 1.5W at 40°C. Torque, .3 to 6 oz./in. Weight, .02 lbs. w
Available with split or plain bushings, K* or %” in diameter. _
Write for Bulletin PT 760. ________

POTENTIOMETERS • COIL FORMS • POT HOOK® PANEL MOUNTS • TORQUE WATCH® CAUSES 
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meets MIL-R-19A 
at half the cost!”

MANUFACTURING, INC 
WAYLAND, MASS.

C7ROL® METER/CONTROLLER • INSTRUMENTS

Organization of the famous Mark I percep 
tron built at Cornell Aeronautical Laboratori 
is shown in this simplified schematic. 1'hf 
sensory S-units translate the stimulus patten 
shown to the perceptron by an array of photo 
resistive cells into a set of discrete signals. Th 
photocell currents actuate transistor-driver 
relays which supply the excitatory’ and inhibi 
tory (plus and minus) S-unit output signals 
Each photocell that receives sufficient light sup 
plies both signal polarities to a large patd 
board. Because 20 output connections are avail 
able for each signal from an S-unit and then 
are 400 S-units, with bipolar outputs, the ran 
domly connected patch board has 16,000 avail 
able output connections.

The A-unit inputs are transistor-driven relai 
circuits with a common threshold. They an 
data-digesting units so connected and numer 
ous that their responses constitute a statistica 
analysis of input information. When an A-unil 
becomes active, its relay closes and connect! 
the A-unit to the output; it connects the inte 
grator and applies voltage to an indicatili! 
lamp. Each A-unit integrator consists of a di 
motor driving a potentiometer. The voltage o 
the potentiometer arm provides a measure o
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human brain, and have as their basic element 
neuron-like components.

The original perceptron, developed by Dr 
Frank Rosenblatt, of Cornell Aeronautical Lab 
oratory, grew from a mathematical, to a com 
puter, to an electronic, model. It is now used for 
experiments in further perceptron research b) 
teaching it to recognize and classify visual im 
ages (see above).

As an approach to designing an adaptive per
ceiving machine, the original, Mark I perceptron 
has proved remarkably successful, in the opinion 
of many. In addition, it has led to much analyti-
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an A-unit value. A second potentiometer on the 
same shaft provides a local feedback loop to 
allow decay of the A-unit value with time. 
Normally, the decay voltage is applied only 
during the resetting of the A-unit to its zero 
position for the start of tests. There are 512 
A-units in the Mark I perceptron; Mark II, 
now in design will have many more.

The R-units are two-state devices consisting 
of a de amplifier driving a relay. The R-unit 
input signal is the sum of a set, the source set, 
of A-unit outputs. They complete the sequence 
that makes the perceptron’s over-all response a 

zen relai 
hey are

I numer 
itatistical 
n A-uni 

( (>nn< ct 
the inte

function of input patterns stimuli. The R-unit 
provides a visual indication of this state, which 
is actually the perceptron’s output. It also 
transmits a reinforcement signal to its source 
set of A-units. This is done by a human op
erator during training. If an R-unit decision is 
incorrect the operator forces the perceptron to 
correct its decision, which it does by feedback 
signal to the integrator motor of each active A- 
unit to cause it to reset its potentiometer.

During training, the signal paths which are 
frequently active for one class of training pat
terns tend to have their value settings fre
quently modified. This becomes a selection 
process leading to some A-units acquiring a 
stronger or weaker voice in each of the various 
response cliques to which their connections 
relegate them. There are eight R-units on the 
Mark I. Originally built to verify mathematical 
analyses of perception operation, the Mark I 
electromechanical perception now successfully 
recognizes patterns with the help of an opera
tor who forces it to make the right identifica- 

idicatini tion decision if the machine errs. The percep
of a d( 

jitage oi 
asure d

tron can identify all letters of the alphabet 
after 15 exposures of each, if its operator cor
rects mistakes during training. Bank of relay- 
driven A-units is shown.
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cal and design work at more than a dozen or
ganizations. Two similar experimental adaptive 
machines have been built that are said to be 
capable of perception.

One built by Aeronutronics Div., Ford Motor 
Co., to learn logic functions, operates similarly 
to the Mark I perceptron but uses modified Biax 
m ignetic core components as storage units to 
gi/e non-destructive readout (see box, p 52).

The other, an ‘adaptive reorganizing autom
aton," exists in an early version at the University 
ol Illinois, and appears to be the most adaptive 
machine yet built. Its basic neuron element is

GRID BOARDS
NOW AVAILABLE FROM YOUR CORNING DISTRIBUTOR

Now you can produce experimental or small-productidn-run printed 
circuits fast and economically in your own lab . . . just 15 minutes of 
simple processing with this new copper-clad FOTOCERAM grid board 
from Corning.

Ideal for use under severe conditions. Its strong non-organic glass
ceramic base material is dimensionally stable, non-flammable and 
unaffected by temperatures up to 250°C. Copper circuit pattern stays 
put. FOTOCERAM has zero water absorption and is impervious to 
chemicals that tend to peel the circuits from ordinary grid boards.

Replace components again and again if you wish ... resolder them 
up to 50 times without circuit-run failure. Unexcelled through-hole 
plating permits two-side circuitry.

Obtain FOTOCERAM grid boards fast from your distributor... same 
day delivery at factory prices. Call him now for complete information 
. . . order your samples.

CORNING
ELECTRONIC COMPONENTS

Distributed exclusively by

^BLE^DISTRIBUTOR DIVISION

SPECIFICATIONS: 

three standard sizes ... 
3*x 5* 6* x 8* 9'x 12* 
. . . thickness .062* 
component mounting 
holes .052* diameter 
± .005* oh 04* centers.
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REPORT ON BIONICS

Another SPEED NUT brand fastener...

Just a thumb-push

capable of active operation, in which it makes 
trial-and-error searches for the proper response, 
in contrast to the CAL and Aeronutronic ma
chines (and a Litton Industries design not yet 
built), which have neurons with relatively pas
sive characteristics. These must be pulsed into 
responding to stimuli.

In addition, the “automaton” built at the Uni
versity of Illinois is designed to take inputs from

Miniature Perceptron Learns Logic 
Has Non-Destructive Readout

and steel teeth
fasten steel with Tinnerman "U" CLIPS

This learning machine built by Aeronutronic 
Div., Ford Motor Co., learns logic functions by 
recognizing all possible patterns of five bits. It 
is a stripped-down version of a perceptron, with 
only six “w” or storage units connected in a six- 
input, one-output, single-logical-level network.

The units are storage units, which correspond 
to the motor-driven integrators of the CAL per
ceptron, Biax magnetic integrating elements 
modified to give the device a linear, non-destruc- 
tive readout. The modified element is able to 
read out a signal proportional to the stored flux, 
to permit use to be made of information stored 
in the component. This can be done because the 
orthogonal field of the modified Biax is not uni
form throughout the element’s cross-sectional area.

In the Aeronutronic machine shown, output of 
each neuron-type network is either 0 or 1 in 
response to each five-bit input combination pre 
sented by the pattern generator. This output is 
dependent on pattern, stored weights, and thres
hold level. Desired output is set into the decoder
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Twin-action gives this Tinnerman “U” Speed 
Clip" extra holding power in fastening together 
two sheets of metal, plastic or wood without 
screws ... the heat-treated spring steel tension 
in the “U” exerts a clamping action ... the tiny 
upset barbs bite in and hold on for keeps.

Cost of assembly is substantially reduced 
when you use Tinnerman “U” Clips for fasten
ing ... extra assembly steps are eliminated... 
no special tools or skills are required... and 
Tinnerman “U” Clips hold for good!

Speed Nut Brand “U” Clips are easy to apply 
... merely thumb-push them over the edges of 
the panels. A variety of Tinnerman fastener 
features can also be incorporated with the “U” 
Clip principle... cable clips, protruding legs to 
hold glass panels in lighting fixtures, and others.

Call your Tinnerman Speed Nut representa
tive today ... if he’s not listed in your “Yellow 
Pages” Directory under“ Fasteners”, write direct.

Dept. 12 • P. O. Box 6688 • Cleveland 1, Ohio
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In the complete system, weights of the integrat- 
units adjust to cause the output of the learn

ing block to agree with the desired output pro-
ing

duced by’ the decoder. Two modes of operation 
hich theare possible, “forced-unconditional,” in wl

PATTERN DECODER 
FOR --------------------

DESIRED RESPONSE

CONDITIONAL

PATTERN 
GENERATOR

BIAS

STORAGE
CONTROL COMPARATOR

UNCONDITIONAL

SUMMING 
AMPLIFIER

MAGNETIC 
INTEGRATORS

RESPONSE UNIT

SUCCES'

st ora 
tern, 
cond 
deco 
netw

TI 
comj 
and i 
is oh 
signa

Ae 
of tl 
neun 
Aero
ct Hint 
array 
capal

OUT

ONTR
3WITC

LEARNING BLOCK

Hqw modified Biax elements are connected 
learning block of Aeronutronic perceptron.

in

HiiHHiiiiiiiiiiiiiiiiiiiiiiiiimimiiiiimiiiiiiiiiiiimiiiiiiiiiiiiiimiiiiiiiii'imiiimHHiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnKiiiK

S :hen 

c udei 

! r ing, 

nun uiiimiit

ELECTRONIC DESIGN • September 14, 1960 HEC

o



makes 
ponse, 
c ma- 
ot yet 
y pas- 
ri into

Illllllllllllllllll

HIGH-PERMEABILITY WASHER

!

Power ResistorsNew Precision

TOR

SUCCES'

OUT

d in

ELECTRONIC DESIGN • September 14, 19601960

e Uni- 
s from

STORAGE 
AND 

READOUT 
WINDING

ONTROL 
SWITCH I

ORTHOGONAL 
STROBE 
WINDING

In this modified Biax element, orthogonal field 
is not uniform throughout cross-section.

S zhematic of integrator in- 
c udes one resistor for sum- 
Hng.
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SUMMING 
RESISTOR ---

STORAGE WINDING

a sensing unit capable of property filtering (see 
p 44). Aeronutronics is starting construction of 
a perception machine similar to the logic-func
tion unit but capable of property filtering.

On the drawing boards at CAL is a Mark II 
perceptron that is planned to have a greater 
number of neuron-like elements than the Mark I 
and which will interconnect them, to more 
closely simulate brain organization. It will prob
ably also use Beax-type magnetic cores that will 
give the Mark II about 20 times the memory 
capacity of the Mark I.

According to Prof. II. M. von Foerster, of the 
University of Illinois, who heads the team of 
researchers at the university’s biological com-
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storage units change value with each input pat
tern, according to a logic table, and, “forced- 
conditional,” in which values change only if the 
¿('coder signal disagrees with that of the learning 
network.

The summing amplifier is a Kirchoff adder; the 
comparator adds a signal to a sum and detects 
and amplifies the resultant voltage; logical output 
is obtained by transistor-gating one of two clock 
signal sources onto the output bus.

Aeronutronic is now designing a larger version 
of the learning machine which will have 100 
neuron-type biax elements, and, unlike the Cornell 
Aeronautical Laboratory perceptron, will be inter
connected non-randomly. In addition, its input 
array of photocells will have property-filtering 
capability.

A new high-temperature coating—Thermacoat— 
developed by IRC is responsible for the outstand
ing performance of IRC miniature power wire 
wound resistors.

These resistors meet MIL Characteristic V with 
a hot spot temperature of 350°C, well above the 
250-275° customary for resistors of this type.

Thermacoat Resistors have all the other advan
tages you want—small size, close tolerance, high 
moisture resistance, high dielectric strength, all
welded construction, high temperature tinned 
leads and permanent marking. And they’re avail
able at a 125° Ambient in the same wattage ratings 
as regular power wire wound ratings!

Write for Bulletin AE-18, International Resistance 
Company, 401 N. Broad St., Philadelphia 8, Pa.

200 Cl S

ACTUAL SIZE

Ratings: 2, 3, 5, 7, 10 watts (125° ambient)
Standard tolerances: 1%, 3%, 5% (MIL); Special Tolerances 

to .05%, depending on range
Resistance ranges: Minimum 0.1 ohm; Maximum 20K to 

175K ohms
Dielectric Strength: 1000V-RMS Min.
Non-inductive resistors available

Leading supplier to manufacturers of electronic equipment

CIRCLE 48 ON READER-SERVICE CARD

53



FACIL

L '■UTPUT

has an interna]

:LE

AUTONOMOUS 
COMPONENT

CT 
CT 
CT

■•FACIL !
j n) r

ti r si 
I S. 
n out

CT«CONTINUOUS THRESHOLD 
I « INHIBITORY T«THRESHOl D

FACILITATORS

■> FACIL' 
J (E) j 

"í FACIL*!

unit is basically a pulse inverter. Its pulse unit 
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+ • ♦ CONTROL
- U» UNIT

An Active Neuron and the 
Automaton it Serves

FACILITATOR. EXCITATORY (E 1

PULSE 
UNIT

SUMMING 
UNIT

2

-r fácil;
* (E) J 

r---- n 
“•¡FACILI

(o r
+ -* FACIL !

This “elementary unit” of the University of 
Illinois “adaptive reorganizing automaton' 
is believed to bt1 the onlv neuron simulation 
that is truly active—one that gives a response 
when there is no stimulus. It is the basic build
ing block of the adaptive machine, which has 
learned to recognize such situations as a person 
walking from left to right across the field of its 
photocell retina.

The neuron analog in the block diagram 
shown above is composed of three basic units 
and is shown connected in one of a great many 
possible arrangements. In this neuron, there are 
three each of excitation, inhibition, threshold, 
and continuous threshold inputs, and one out
put, on the energy transducer unit. In addi
tion, there are two inputs (plus and minus) and 
one output on each facilitator unit, for a total 
of 21 inputs and one output for only three basic 
components.

Each of the components is flexible. The 
energy transducer, which corresponds to a 
neuron cell body and assimilates information 
from all parts of the automaton, can serve as 
an OR or an AND circuit, a summing circuit, 
a pulse-repetition-rate divider or multiplier

I
 ENERGY 
TRANSDUCER

MANUAL 
THRESHOLD

and in many other functions. Its summing unit 
exercises a control function; its pulse unit 
generates a standard pulse when the input 
signal exceeds threshold.

The autonomous unit triggers the energy 
transducer and makes possible the active op
eration of the neuron simulation. Its detector 

which starts another cycle.
The facilitator unit, reportedly the most 

difficult-to-design circuit in the automaton, 
corresponds to the synapse of a biological 
neuron—in function, the plastic storage element 
of the cortex. The facilitator gives the automa
ton its ability to change its I unction with re
gard to its environment, past or present. It is 
a variable conductance unit which varies to 
increase the ability of information to flow over 
a path between two points when that path was 
used more than other paths, and is also a unit 
which remembers or stores this used informa
tion (not the information transferred)—for per
iods measured in hours.

puter lab, perceptron or adaptive machines i i- 
volve a tradeoff of complexity between that if 
the elementary neuron component and that if 
the machine as a whole. If the basic compone it 
is relatively simple, greater numbers of then 
have to be included and their interconnections 
have to be more complex. He believes such mi- 
chines of the future will have relatively few but 
more complex and active trial-taking compo
nents, property filtering capability and the ability 
to forget adaptively.

Researchers at Cornell Aeronautical Labora
tory, however, believe that future perceptrons 
may have hundreds of thousands of neuron-like 
elements. Such a quantity may make neuron
based machines very useful in industrial, mili
tary and many other applications, but would fall 
far short of the 1010 neurons believed contained 
in the human brain.

In commenting on the present perceptron, Dr. 
Frank Rosenblatt, of CAL, sums up the state of 
much bionic designs as he says, “The perceptron 
has been kept consistent, as far as possible, with 
current anatomical and physiological data on the 
number of neurons, logic of connections, degree 
of individual unit reliability, random variation 
in ‘wiring diagram,’ and types of signals em
ployed in biological systems.

"The fact that a system which is consistent 
with these constraints begins to show some of 
the ‘psychological’ properties of biological sys
tems suggests that we may possibly be on the 
right track in trying to understand the operation 
of such systems, but it is by no means conclusive. 
Viewed as a biological model, the perceptron is 
entirely hypothetical, and still requires experi
mental confirmation before any real claims can 
be made for it. ’

Making these comments, Dr. Rosenblatt speaks 
for many workers in bionics, who realize that 
only the surface of biological knowledge is being 
scratched for electronic applications. But unsure 
foundation notwithstanding, a substantial amount 
of developmental bionics work is going on.

In bionics there already is a state of the art 
and researchers are looking forward to the next 
generation of projects. A New York company is 
designing an airborne ground-speed indicator 
after the sensory, correlation, and control fea
tures in the navigating system of the Beetle. The 
Navy is thinking about a billion-gate bionic com
puter, and at the University of Illinois, research
ers hope to interconnect electronics equipment 
with living creatures to bypass the design of 
analogs.

Bionics has a present, and appears to have a 
bright future. ■ ■
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Radiation Effects on Components 
Studied With New Army Reactor

Radiation effects on military electronic com- 
I ponents are being studied with a new research 
I reactor. The reactor, capable of providing short 
I pulses of intense nuclear energy, is being built 
I by the Army’s Diamond Ordnance Fuze Lab

oratory and the General Dynamics Corp.
The pulsed Training Research Isotope (Pro

duction) General Atomic reactor (TRIGA) is de
signed to produce intense but self-limiting pulses 
of neutron and gamma-ray radiations for short 
periods at repeated intervals.

The TRIGA reactor core will be suspended 
from a movable carriage, permitting the ex
posure of samples in either a dry, shielded ex
posure room or a water-filled pool. Lead shield
ing doors separating the exposure room from the 
pool irradiation area can be closed to give access 
to the exposure room while the core is being 
used for other experiments in the pool.

SEIC Issues Newsletter 
For Military, Civil Readers

A newsletter, highlighting events in solar
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energy of interest to the military, is being pub
lished by the Solar Energy Information Center.

SEIC has been established at the U. S. Army 
Signal R&D Laboratory, Fort Monmouth, N.J., 
under the direction of the Department of De
fense. The Laboratory’s Power Sources Div. di
rects this Center for the purpose of collecting, 
collating, analyzing, and disseminating technical 
information on projects, programs, and research 
activities in the three military departments and 
those civilian organizations concerned with the 
collection and conversion of solar energy into 
forms suitable for military use.

The newsletter will emphasize those materials 
and processes which are related to the conver
sion of solar energy to electrical power. Techni
cal information in other areas in the field of solar 
energy, such as heating, cooking, distillation, 
photosynthesis, will be reported when it may be 
related to the military services. Other items will 
also be reported.

Contributions from those persons engaged in 
n search and development work relating to mili- 
ti ry applications of solar energy, should be sent 
t( : SEIC Newsletter, Arizona State University, 
T *mpe, Ariz. Requests for copies of the newslet- 
b r should be addressed to: Commanding Officer, 
I S. Army Signal R&D Laboratory, Fort Mon- 
n outh, N.J., Attn: SIGRA/SL-PS.

I960

A real heel might test a Fusite Terminal like this
but he won’t make it leak!

f « M

PROTfCT PRODUCT 
P(RLORM&NCt

The adherence between glass and metal in a Fusite Hermetic 
Terminal is an easily demonstrated fact. There are several 
theories as to why our exclusive V-24M glass actually chemically 
bonds to the metal components. Cobalt and certain other 
metallic oxides in the glass oxidize the iron in the metal which 
is taken into solution. It is believed that through the solution 
of iron, a gradual decrease of the difference of thermal expansion 
between the glass and metal takes place at the glass-metal

interface. This inter-fusion of the two dissimilar materials gives 
Fusite Terminals their ability to withstand great mechanical and 
thermal shock and still pass Statiflux tests for glass cracks, hydro
static pressure tests and helium mass spectrometer leak detection.

This fusion is reinforced by a strong compression of the metal ring 
around the glass made possible by a favorable thermal expansion 
balance of the glass, pins and housing.

The combination of fusion and compression provides a terminal so 
rugged that leaker rejection rate of components into which our 
terminal is fabricated is practically nil, even when roughly handled

1 A and subjected to extreme temperature changes.

SJ Samples for your own testing are yours for the asking.
Write Dept, C-5.

THE FUSITE CORPORATION
6000 FERNVIEW AVE., CINCINNATI 13, OHIO

Woodford Mfg. Ca., VorsaMot, Konfucky.
In lurepat FUSITI N. V. Konlgsweg 1 A, Aknolo, Holland

terminals
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dynamic instrumentation

NEW ACCELEROMETERS—After comprehensive design-proof testing 
Endevco introduced the 2220 series accelerometers in 1959. The unique physical 
design of this series is now further enhanced by Piezite® Element Type VI, a 
product of Endevco electroceramic research This new crystal makes possible 
the unequaled combination of complete case isolation, high natural frequency 
(to 70 KC) and sensitivity (to 15 mv/g) in a versatile configuration of small 
size and light weight. Now Endevco announces, at no increase in price:

UNIQUE NEW "C " MODEL - GENERAL PURPOSE - 350°F ACCELEROMETERS 
HIGH NATURAL FREQUENCY—LARGE SENSITIVITY —The 2220 Series retain these essential characteristics of 
all Endevco Accelerometers. The natural frequency of the mounted accelerometer is determined by actual frequency 
response and phase shift plots. Large sensitivity insures high signal to noise ratios over a wide dynamic range.
CASE ISOLATION — Complete case isolation prevents errors due to structural bending and high acoustic noise fields. 
LOW CROSS AXIS SENSITIVITY — The annular design reduces cross axis sensitivity. Nominally 2-3% in the maximum 
axis and 0% in the minimum axis. A maximum of 1 % in any axis can be supplied on special order.
OPERATING TEMPERATURE OF 4-350°F—PIEZITE® Element Type VI makes possible a general purpose accelerom
eter with sensitivity vs. temperature linearity of ±10% from — 65°F to + 350°F without external swamping capacity. 
A maximum of ± 5% variation of sensitivity vs. temperature can easily be obtained with the addition of external capacity. 
NBS TRACEABILITY — Every Endevco Accelerometer is provided with complete calibration data: Frequency response 
from 20 cps to 4 kc, cross axis sensitivity, capacity, voltage and charge sensitivity. Basic calibrations are traceable to 
the National Bureau of Standards as required by Mil. Quality Control procedures. Special calibrations of frequency, tem
perature and transient characteristics are available on request.
L MODEL 2221C — The unique ring configuration permits ease of mounting in corners with long cobles attached in 
limited space. Integral electrical ground isolation makes the Model 2221C ideal for either bolt or cement installation. 
Nominal sensitivity 15 pk-mv/pk-g—Capacity 750 MM^d—Weight 9 grams.
2. MODEL 2223C—Accurate tnaxial vibration measurements can be made with minimum space (1" x 1" x %") and 
weight (14 ounces). Integral electrical ground isolation is provided Nominal sensitivity 10 pk-mv/pk-g — Capacity 
750 ^fd — Meets Mi I-E-5272B
3. MODEL 2224C —Small size— top connector— 10-32 or ]A-28 insulated mounting stud available for ground isola
tion, Nominal sensitivity 10 pk-mv/pk-g — Capacity 750 /x/Jd — Meets Mil-E-5272B
4. MODEL 2225C — NEW Shock Accelerometer Natural Frequency above 70 kc — Nominal sensitivity 1.0 pk-mv/pk-g 
— Capacity 750 ^/xfd — Size 9/16 hex. by 0 52" high
WRITE DIRECT TO DEPARTMENTS FOR LITERATURE ENDEVCO CORPORATION 161 EAST CALIFORNIA BOULEVARD 
PASADENA, CALIFORNIA. TWX: 7764 CABLE: ENDEVCO SYCAMORE 5-0271

Mobile TV Tape Recorder 
Used in Army Classrooms

Mobile TV tape-recording equipment is provi 1- 
ing live quality TV pictures of vehicle mainte
nance demonstrations and other training activities 
for classroom viewing at the Army Transportation 
Training Command School at Fort Eustis, Va.

Tapes are played back over a closed-circuit TV 
system linked to 22 classroom receivers. In addition 
to two mobile units, the school’s TV facilities in
clude a main studio, equipped with three RCA 
cameras, for live programming and slide and film 
presentations.

The tape-recording equipment has enabled the 
Army to build a library of instruction courses on 
a wide variety of transportation subjects, with pic
tures of live pickup quality recorded at widely- 
scattered points on the post. Also they have a 
permanent record of individual presentations 
which are readily available for classroom use 
when an instructor is occupied with other duties.

The recorder is carried in a specially designed 
van which provides space for both the recorder 
and allied control equipment. A second mobile 
unit, equipped with two RCA cameras, is used 
for live pickups from maintenance, repair, and 
other work areas, with pictures relayed over the 
closed circuit hookup. The units can be operated 
independently, or used in tandem for remote spot 
pickups and simultaneous recording of training 
scenes.
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Symposium on Space Electronics 
To Be Held in Washington in Fall

The Professional Group on Space Electronics 
and Telemetry will sponsor the Fifth National 
Symposium concerning this field at the Shoreham 
Hotel in the nation’s capital on September 19-21. 
This year’s symposium will emphasize discussion 
of new’ design philosophies and advances in the 
state of the art.

The program is organized around ten panel 
sessions, each directed by a chairman prominent 
in a particular technical field. Plans are to pre
publish the panelists’ papers in the symposium 
proceedings and limit paper presentations to 
highlights.

A brief summary indicates there are many well 
known panelists on the program such as Dr. Law
rence Rauch, University of Michigan; Dr. Son- 
nett, Space Technology Laboratory; David Hogg, 
Bell Telephone Laboratory and Dr. Eberhardt 
Rechtin, Jet Propulsion Laboratory.
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Titan's Underground Launcher

lining

Titan ICBM check-out missile

lardt
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mechanical latch, electrical reset and Frame 211 
sequence relays.

All feature 12-pin plugs with heavy-duty 
industrial sockets. Contacts are conservatively 
rated at 10 amperes. Standard 150 volt electrical 
spacings are used throughout. All three types are 
designed for maximum control panel simplifica
tion and in minimum size» for dependable service 
over millions of operations.

Write for Data Bulletins on any type to 
Struthers-Dunn, Inc., Pitman, N. J.
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2-Coil 
“MEMORY” 
NEW! — mechanical latch, 

electrical reset Frame 255 relay*

Single Coll
SEQUENCE

NEW!—-Dunco Frame 211 
relays provide thousands of 
control sequences

the underground launcher designed and built by 
American Machine & Foundry Co. of New York. The 
Missile is fueled and guided from the underground 
aunching complex During the last few minutes of the 
ountdown the doors open and the missile raised to 
jround level for launching.
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Export Langguth-Olson Co.. New York

Scandinavian Science Center 
Established in Washington, D.C.

A Scandinavian Documentation Center, 
SCANDOC, has been opened in Washington, 
DC. Its purpose is to further the mutual ex
change of scientific and technical information and 
documentation between the Scandinavian coun
tries on the one hand, and the U.S. and Canada 
on the other.

SCANDOC is a non-profit organization, ren
dering free service to all interested parties and 
it is financed and directed by the Research Coun
cils and Science Academies of four Scandinavian 
countries through their common Scandinavian 
Council for Applied Research.

Headed by Arne Sverdrup, SCANDOC will 
procure non-classified and non-confidential docu
ments and information and channel this to the 
respective interested countries through informa
tion offices organized under the research councils 
and academies of the countries. It is the first time 
that an international office of this kind has been 
established in Washington.

This dependable Dunco relay “family” paves the 
way to practically any needed industrial control 
sequence, “memory” or operational circuitry 
feature.

Smaller, moderately priced and requiring less 
operating power, Dunco 219 Frame relays have 
revolutionized many control panels previously 
“over relayed” with larger, more costly con
tactor type units than needed.

Now, in matching types, Dunco offers 255

STRUTHERS DUNN
WORLD'S LARGEST ASSORTMENT OF RELAY TYPES

GENERAL PURPOSE Control
Dunco 219 Frame relay* in 

three stock contact arrangements

A COMPLETE RELAY LINE FOR 

Simplified, Economical Industrial Control



NEWS
Magnetic Videotape Employed 
On Undersea Video Recorder

An undersea magnetic videotape recorder is 
being used aboard the U. S. nuclear submarine 
Sea Dragon. The videotape will record and st< re 
data on under-the-ice characteristics of icebeigs 
and ice flows through use of externally installed 
T\ cameras. The recorded information will oe 
used to speed navigation training of U. S. Na/y 
submarine personnel.

According to the developers, Reeves Sound
craft Corp, of Danbury, Conn., Soundcraft mag
netic tape was also used in the development of 
the Radio Corp, of America undersea recorder. 
The recorder itself has been transistorized and 
is approximately 60 per cent smaller than exist
ing videotape recorder equipment. It is reported 
small enough to fit on a torpedo rack.
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EXPERIENCE PROVING GROUND FOR QUALITY
ITT SILICON RECTIFIERS
Product acceptance is a direct result of 
product quality. Case in point: ITT’s 
broad line of silicon rectifiers. The re
sult of years of intensive research and 
development by the world-wide ITT 
organization, these rectifiers are widely 
used, widely recognized for perform
ance and dependability. The unique 
design characteristics of ITT rectifiers, 
a result of advanced diffusion tech-

PACKAGE 
TYPE SERIES

PEAK 
INVERSE 
VOLTAGE AMPS

Low Current 
Axial & plug-in C. R up to 800 up to 1.5

Med. Current 
' 4-28 stud and 
10-32 stud

U, K, D up to 800 up to 30

High Current 
1b-24 stud F up to 600 up to 70
Printed circuit 
assemblies C up to 800 up to 4.5
Stack 
assemblies

F. D, U. K, 
C. R up to 800 up to 1200

ITT ZENER REFERENCE DIODES

Series B-750 milliwatts 3.9 to 100 volts
Series T-l watt 3.9 to 100 volts
Series G-3.5 watts 3.9 to 100 volts
Series K-10 watts 3.9 to 100 volts

niques, set new standards of reliability 
and efficiency for today’s design 
engineers. Manufactured to conform 
with military requirements.
ITT Zener diodes available in stand
ard tolerances of ± 5%, and ± 10%, 
closer tolerances available on request. 
Ask your distributor for ITT’s new 
Silicon Buyer’s Guide and Price 
Schedule.

Five Major Computer Makers 
To Cooperate at Business Show

Five U.S. manufacturers of data-processing 
equipment will exhibit nearly $2 million in equip
ment at next fall’s National Business Show in 
New York City.

A special exhibit, called “The CompuCenter,” 
will include the following, according to present 
plans: the Bendix G-15 general-purpose digital 
computer and a line of accessory equipment, 
Control Data Corp.’s Model 160 computer and 
Model 180 data collector, Philco S-2000 general- 
purpose data-processing equipment, RCA 501 
data-processing equipment, and Remington 
Rand’s Univac 90.

The National Business Show will be held in 
the New York Coliseum from Oct. 24 to 28.
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For all your design needs, choose from ITT’s world of silicon devices. Prompt off-the-shelf deliveries, factory prices up to 999 pieces, full factory warranty.

CALIFORNIA:
Zack Electronics 
1422 Market St. 
San Francisco

NEW YORK:

Shelley Radio Co., Inc. 
2008 Westwood Blvd. 
Los Angeles

Richey Electronics, Inc. Newark Electronics Corp.
10816 Burbank Blvd. 
North Hollywood

4747 W. Century Blvd. 
Inglewood

Progress Electronics Co. Bruno-New York, Inc.
107 Franklin St 
N. Y. C.

460 W. 34th St. 
N. Y. C.

ILLINOIS:
Newark Electronics Corp. 
223 W. Madison St.
Chicago
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DISTRIBUTOR PRODUCTS DIVISION
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

P 0 BOX 99. LODI. NEW JERSEY

Digital Servo System
Under Development at Lear

A digital servo system is being designed and de
veloped by Lear, Inc. of Grand Rapids, Mich., 
under a contract from the Lockheed Missile and 
Space Div.

This phase in ground-support equipment in
volves servo driving and controlling the tilt and 
translation of a mirror system capable of assuming 
200 positions in each of two axes. A memory-tape 
device provides automatic sequencing and in
stantaneous readout of all positioning data. Digi
tal-control techniques are used throughout, and 
an error detecting system is a part of the design.

The control panel offers an automatic mode
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(File these tough MILITARY and INDUSTRIAL solutions for future reference)

eld in

Phone: MOhawk 4-2222

Phone: EXmont 1 -6367

OAK Switches for Tough Jobs !

id de- 
Viich., 
e and

write for
new stock catalog 399

AFTER YEARS OF RADIO FREQUENCY SELECTION IN 
MILITARY AND COMMERCIAL AIRCRAFT, THE FAIL
URE RATE IS STILL NOT CALCULABLE.

MANUFACTURING CO.
1260Clybourn Ave., Dept. D,Chicago 10,111. 
West Coast Div.: Oak Electronics Corp.
11252 Playa Court, Culver City, Calif. •

commanded by a tape, a pre-select mode and a 
manual mode using push-button and dials. Ac
cording to Lear, it is designed in accordance with 
the latest human engineering specifications. A pre
cision gear train drives a digital shaft encoder for 
the tilt axis and another is provided for the trans
lation axis. A block-type reader reacts to a pre
punched tape using the binary decimal system.

The design calls for off-the-shelf items of digi
talized hardware and circuitry. Solid state com
ponents and miniature relays are specified to 
achieve a minimum package.
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First Suit Designed to Protect 
Against RF Radiation Is Tested

A suit designed to be worn by workers in areas 
of high-density rf radiation is undergoing final 
tests by its designers.

Leonard Milton, vice president of Filtron, Co., 
Flushing, N.Y., which developed the suit, reports 
that the garment is the first one developed for 
protection against the hazards of rf radiation. The 
garment is said to give protection in environments 
of 10 w per sq cm—10,000 times the limit set for 
Air Force personnel.

The outside covering of the four-layer garment 
is neoprene-coated nylon, which encloses a double 
interlining of coarse, dence nylon mesh. Thread 
filaments of the mesh are treated to reflect and 
absorb radiation. The inner lining is nylon silk. 
A wire mesh visor protects the faces.

The suit is a one-piece garment with integral 
socks and mittens. It requires assistance to get in 
and out of it, Filtron reports.
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Suit to protect against high-density rf radiation is 
nade of neoprene-coated nylon with nylon linings, 
/isor is wire mesh.

WITHSTANDS MORE THAN 200 G’s OF SHOCK 
FROM GUN RECOIL, ETC. NO MAINTENANCE OR 
REPLACEMENT.

0

Your tough switch job may be 
easier to handle than you think

Almost any environmental condition can be met 
within the rated capabilities of Oak Switch designs. 
The exotic applications, such as shown above, re
quire merely changes in materials, finishes, and 
details which have been developed exclusively by 
Oak. Whether you require such extreme opera
tional characteristics or not, you still receive the 
same basic trouble-free design. Many switch users 
have found that an Oak type switch does an equal 
or better job than other types—and at considerable 
savings in cost. You may, too. Send in your ap
plication, today.
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Electronic Packaging and Gracious Living
Radio

Traditional stereo design 
against contemporary wall.

dining room

Miniature annoire holds 
dining-room TV in French Provincial

Stereo blends into 
Old-Boston-inspired 
music room.

living room or family room need not be 
dominated by the Cyclops eye of the TV set, 
Westinghouse enlisted the aid of top 
V. S. interior decorators to create
rooms in which electronic products would 
“find a home.” The results, in a show 
at the National Design Center in New York, 
are shown on these pages.

While some designers are busy with 
space flights, others are busy with flights 
of fancy in creating housings for 
home electronic equipment—stereo, radio, 
and television. To demonstrate that the



Radio is an integral part of office.

Sure I’d like to 
design it around high 

voltage transistors. 
But where do I 

get them?

Have you talked 
to Clare?

Stereo rectangles balance modular wall.

multiple sources make good sense—in design, in purchasing, in production. And when 
you develop an additional source which gives you prompt delivery, top quality, reasonable 
pricing and truly creative service...you make your whole job
much easier. For example: when your circuit calls for high f >> 
voltage transistors, you call for Clare, c. p. clare transistor / *
CORPORATION, 260 GLEN HEAD ROAD, GLEN HEAD, L. I., NEW YORK, (CLARE 
or contact your nearest C. P. Clare & Co. sales office. I / TRANSISTORS

Characteristics at 25°C

Min.
BVcbo

Min. 
VpT fab

Min. 
hFE

Max. Rated 
Dissipation

2N398(PNP) —105Vdc - 105Vdc — 20 at 
lc=—5mAdc

50mW

CP398 (PNP) —105Vdc —105Vdc Imc typ. 30 at
lc=—5mAdc

150mW

2N1310(NPN) + 90Vdc + 90Vdc — 20 at 
lc=+5mAdc

120mW

CP98(PNP) - 65Vdc —65Vdc 4mc min. 30 at 
l_=—30mAdcV

150mW
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fast response
WRIGHT SIZE 8 SERVOMOTOR TACHOMETER J 

SETS HEW LEVEL OF HIGH PERFORMAHCE k

N. L. SPEED - 10,250 RPM

2
Rotor Moment of Inertia—0.18 GM.-CM.

63.2% N. L. SPEED

TACHOMETER OUTPUT VOLTAGE VS. TIME

œ
6.5 CYCLES - 
(0.01625 SEC.)

—* j ilcHnTt" *

This Size 8 motor tach (.75” diameter; weighing 
2.72 ounces) is an example of the engineering and 
production capabilities of Sperry Rand’s Wright 
Machinery Company. Investigate this dependable 
source for precision motors and related components 
whenever your requirements demand exacting 
specifications. We will be glad to work with you.

WRIGHT MACHINERY COMPANY 
DIVISION OF SPERRY RAND CORPORATION
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Ammonia Batteries Suggested 
For Stand-By Satellite Power

Automatically activated ammonia batttries 
may play a role in outer space vehicles, e pe- 
cially as a stand-by source of power.

This possibility was raised at the Pacific ( en
eral Meeting of the AIEE in a paper—Reseve- 
Type Ammonia Electrochemical Systems as 
Secondary Electric-Power Sources for Space 
Vehicles. It was presented by H. S. Gleason and 
G. S. Gunnison, of the Eastman Kodak Co., 
Rochester, N.Y., during a symposium on power 
sources.

Advantages of the ammonia battery were given 
as:

■ Hermetically sealed cases make the battery 
operation independent of external pressure.

■ Long unactivated storage is practical be
cause of the hermetically sealed cases and the 
reserve system of electrolyte distribution.

■ Operation is feasible over a wide tempera
ture range and short time and high-rate dis
charges can be obtained with good recovery 
from large transient currents.

It was explained that although primarily 
aimed at extreme low-temperature operation, the 
ammonia system, operating as reserve batteries, 
have some characteristics that should be of use 
to space vehicles in general. Hermetically sealed 
in containers capable of withstanding space con
ditions, there would be no trouble with gas or 
electrolyte leakage.

The ammonia filling systems are usually con
tained within the battery case itself and require 
only an electrical pulse or a mechanical motion 
transmitted through a diaphragm or bellows to 
activate. Call construction is extremely rugged, 
and should handle any of the accelerations and 
vibrations encountered in launch, as well as later 
impacts.

Storage life is unusually long and the bat
teries will operate from well below —65 to 
160 F.

Mechanical Time Constant—0.01625 SEC.

2
Theoretical Acceleration @ Stall—58,800 RAD./SEC.

2
Average Acceleration to 63.2% N. L. S. 41,600 RAD./SEC.
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Texas Instruments4 ASR-4 Radar 
Slated for 34 Air Terminals

Installation of the ASR-4 radar, developed by 
Texas Instruments of Dallas, Tex., is planned 
for 34 airports during the next year and a half.

The ASR gear will aid the Federal Aviation 
Agency’s traffic controllers in directing planes, 
especially jets, safely through the heavy air 
traffic around major airports. These radars have
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IMPEDANCE

Effects of moving target capabilities of Texas In
struments ASR-4 radar are shown in display.

E.ECTRONIC DESIGN • September 14, 1960

Ground clutter is displayed in a metropolitan area. 
Little changes will be noticed with successive sweeps 
of the radar beam.

xnlclizi JSÆodel 5W 
igitctl ^Æxxltimeter*

POWER

REQUIREMENTS

DIMENSIONS

WEIGHT

I- - - - - - - - - - - - -
105 to 125 V, 60 cps, 250 W.

Portable model (illustrated): 11%" H X 
11%" Wx 18’/2" D.

Rack mounting model 19" W. 
. --------------------------------------------------------------------------------- ---------

45 pounds.

0.1% d-c accuracyall-electronic operation

strument. Then again, there’s the 
conservative 0.1% d-c accuracy... 
better than some bridges. Yes—the 
500A has the usual features too; 
like the automatic polarity indica
tion that lets you read negative or 
positive d-c without reversing leads. 
The brief specs tell more ..

From its extra-heavy-duty case (0.090" aluminum) to its improved 
all-electronic circuitry... the Model 500A offers more advantages 
than any other digital multimeter available today. No idle boast! The 
effectively infinite d-c input resistance (on ranges below 1200 V) 

permits accurate readings across resistive loads that 
would be disturbed by the best conventional in-

DC: 0.000 to 1.200, 12.00, 120.0, 1200 V 
positive or negative (automatic polarity 

indication).
AC: Same as de ranges (rms value of 30 to 

10,000 cps sine wave).
OHMS: 0.001 to 1,000 K ohms.

MODEL 500A DIGITAL MULTIMETER
$1850 F O B. BRIDGEPORT, PA.

brief specifications
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a range of 60 miles, reach an altitude of 25,000 
feet.

With the new FAA radar, controllers can pick 
| out individual airplanes on the scope. Controllers 
will have a choice of several types of improved 
presentation on the 16-in. TV-like picture tubes. 
They may see fixed and moving objects or mov
ing objects only.

This FAA radar is designed to provide 24-hour 
safe guidance to pilots. Flexibility and precise 
control information are given air-traffic control- 
le s by means of an electronic map which shows 
navigation aids and ground installations. When 
st t to present moving objects only, ground clut
ter is eliminated.

Modernization kits will improve older-model 
ai port radars so that another 48 cities will have 
operational capability equal to the ASR-4 in most 
important functions.

DC: Better than +0.1% of full scale.
AC: Better than +0.2% of full scale up to 
120 V and 200 cps. Better than +0.5% of 
full scale above 120 V and 200 cps.
OHMS: Better than +0.2% of full scale.

DC: 20 megohms nominal. (Effective input 
impedance on other than 1200 V range 
approaches infinity.)
AC: 20 megohms shunted by 400 mmf.

FINISH Smooth gray baked enamel. White en

graved panel designations.

SPECIAL Printer output provisions. Static parallel;

FEATURES binary coded 1-2-2-4 decimal output.

(Other codes optional extra.)
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Performance Proven in Hundreds of Thousands of 
High-Fidelity Loud-speakers

A leading high-fidelity loud-speaker manufacturer 
realized the above savings when his Alnico speakers 
were redesigned to use Indox V- Here is why he 
changed ... and why you, too, may achieve substantial 
savings by changing to Indox V.

Indox V loud-speaker magnets are guaranteed to 
have a minimum energy product of 3.25 million BHmax. 
Made of highly oriented barium ferrite material, their 
energy level is comparable on an equivalent weight 
basis to that of Indiana’s Hyflux Alnico V — the most 
powerful magnet material available.

Now with Indox V, designers and manufacturers 
can look forward to:

• Speaker assemblies that are less than half as deep

• Fewer magnet parts, simpler assemblies

• Less over-all weight, lower shipping costs

Yet the advantages of comparable Alnico magnets 
are retained:

• Highest sound level possible
• Best transient response, assuring a full range of tones 

and overtones
• Truest possible reproduction of sound

Magnet Costs 20%
• Speaker Weight 25%

• Speaker Length 46%

INDIANA STEEL PRODUCTS 
Division of Indiana General Corporation 

Valparaiso, Indiana
In Canada: The Indiana Steel Products Company of Canada Limited, 

Kitchener, Ontario
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Packard Data-Processing System 
Installed At Brooklyn Shipyards

An analog-to-digital conversion data-process
ing system, developed by Packard Bell Computer 
Corp, of Los Angeles, is in use at the U. S. Naval 
Shipyards at Brooklyn, N. Y.

The system is used to gather data in real time 
and convert it to digital form. After conversion, 
the data are used in the solution of the inertial 
navigation problem of the Navy’s long-range 
missile ships.

Seventeen analog voltages representing accel
eration and velocities and data from 30 shaft 
position encoders are provided as inputs to the 
system. After digitization, the data are inserted

Device Maintains Mace Missile 
On Round-the-Clock Alert

A rotary power conversion Unit can keep the 
TM-76B Mace tactical missile alert around the 
clock. The* device was described by J A. Hedges, 
The Martin Co. of Baltimore, Md., and C 0, 
Williams, Hobart Brothers, Inc. of Troy, N.Y 
in a paper, Precise Rotary Power Conversion for 
Ground Support of Aero-Space Vehicles, pre
sented at a space symposium during the Pacific 
General Meeting of the AIEE.

I he unit, which was developed for 24-hour 
continuous service with the missile, allows 0.01 
sec for voltage recovery when full-rated load is 
suddenly applied or removed.

Heretofore, the engineers explained, there has 
been little call for precise direct current power 
of less than 100 v, but the advent of aero-space 
vehicles of the immediate future is “bringing 
stringent demands for precise 28-v sources dur
ing preflight checkout.

“Mace’s theory of operations is to be partially 
counted down and ready to go on a few min
utes’ notice,’ the paper said. The guidance sys
tem and its associated electronic and servo con
trols must be energized at all times with precise 
de ground power subject to the limitations of 
voltage between 25 and 29 v, voltage stability of 
plus or minus 5 per cent, recovery following 
transients to plus or minus 2 per cent of steady
state voltage in 0.01 sec or less.

To meet these conditions, Martin subcon
tracted the design and production of a rotary 
power conversion type generator to convert 
440 v, three-phase, 60-cycle power in 29 v, with 
superior qualities, including high reliability.

Indiana offers a wide range of INDOX V high-fidelity loud-speaker 

magnets ... in both standard and special sizes.

Investigate the possibility of improving your loud
speaker designs with Indox V. Indiana’s experienced 
design engineers are available to help you solve your 
speaker design problems — at no cost or obligation to 
you. Write for Bulletin M-9, today for more detailed 
information.
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True linear Frequency Modulated output Crystal stabilized. Ex
tremely low noise output under high shock and vibration conditions 
Capable of 10 watts output at higher plate voltage. Ceramic tube 
auxiliary RF power amplifiers available for providing 20 to 50 watts 
output. For information write Dept. E, Vector Manufacturing Com 
pany, Inc., Southampton, Pennsylvania. AA

the 
the

into a 14-bit shift-register, the1 contents of which 
ge added to a previously accumulated value and 
hen read out from one of the 17 36-bit accumu- 
ator channels. The* multiplexer allows periodic 
readout of various accumulator channels under 
ontrol of the timing and control unit. The shaft 
ncoder inputs provide a parallel digit readout 

proportional to the average angular displace- 
nent of the encoder shafts, over a 6-min interval.

After each readout cycle, once every 6 min, 
lata derived from the input analog signals, from 
he parallel digital encoders, and from the serial 
wise train are punched on tape. Time of read- 
wt and a system self-check record are generated 
nternally and also recorded. VECTOR FIRST

MANUFACTURING COMPANY, INC.,TELEMETRY COMPONENTS AND SYSTEMS ■■ "

UL CERAMIC TUBE
Atom-Powered Electronic 'Sentry' 
Under Development at Martin Co.

An automatic electronic "sentry,” powered by 
nuclear energy and capable of recording data 
and transmitting it from a remote ground loca
tion, is under development at the Martin Co. The 
device is reportedly capable of operating for at 
least two years without refueling or servicing.

The device will be linked with w eather instru
ments to measure temperature, wind speed, wind 
direction and barometric pressure; but it could 
be modified easily to detect seismic disturbances 
or to record continuously any other type of in
formation in a remote area.

Energy will be supplied by a 5-w generator, 
which will convert heat from safely enclosed 
pellets containing Strontium-90 directly into a 
continuous flow’ of electricity. The complete data 
processing and telemetry station is scheduled for 
completion by early 1961.

The generator will be similar in principle to 
the SNAP 1-A and SNAP-3 units also built by 
Martin. The difference in temperature between 
the hot fuel cylinder and the outer wall produces 
a flow of electricity in sets of thermocouples con
necting the two surfaces.

In the telemetry station the output of the gen
erator will be used to recharge conventional 
nickel-cadmium storage batteries. Besides trans
it ng the measurements into electronic code 
form, the station will use a sudden burst of 
po ver every three* hours to broadcast the data 
to i manned listening station hundreds of miles
av ay.

The Martin Co. is developing the device under 
a ontract from the U. S. Atomic Energy Com- 
mssion.

5 WAR RUGGEDUED FM 
TELEMETRY TUNSMITTH
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NEW PRODUCT

NORWALK, CONNECT. In Continental Europe: Antwerp, Belgium TORONTO, CANADA
CIRCLE 59 ON READER-SERVICE CARD

This air defense system’s complex circuits are interconnected 

with Burndy HYFEN and coax STAPIN connectors. Contacts are tool

crimped on wire ends at the workbench, then snap-locked into in
serts on the job, reducing time and skill required to install and 

service, assuring dependable connections of measurable quality.

For HYFEN and STAPIN units and installation tooling engineered 

to your connection requirements, contact: OMATON division

(Advertise! tent

A highly mobile electronic air defense system insuring nearly instant 
destruction of hostile aircraft by coordinating antiaircraft missile 

firing at split-second speeds has modernized the field army’s air 

defense capabilities. This “vest pocket” air defense, mounted in 

standard, heavy duty 2%-ton Army trucks, is another high-quality 

development of one of America’s leading manufacturers of military 

electronic systems, the Hughes Aircraft Company.

HYFEN-type connectors like those used in the "vest pocket" air 
defense system have pins and sockets tool-crimped on cable 
ends, snap-locked m inserts with wide range of configurations. 
HYFEN and STAPIN inserts are mounted in panels as required.

BICC—BURNDY Ltd., Prescot, Lancs., England

High Density Miniature HYFIN 
with center jackscrew

ELECTRONIC DESIGN • September 14, I960

Burndy Corporation, Norwalk, Connect
CIRCLE 60 ON READER-SERVICE CARD

Now available from the Burndy Corporation 
Omaton Division is a new miniature HYFEN® 
connector with a center jackscrew which pro
vides alignment and engaging force. This con
nector is presently designed in two configura
tions: 1) 104 contacts; and 2) six miniature coax 
contacts combined with 48 standard contacts. 
Contacts are crimp-type which snap-lock into 
and out of the connector body. Both inner and 
outer portions of the miniature coax contact are 
crimp-type. This connector may be designed to 
accommodate other combinations of coax, mini
ature coax, and standard contacts for particular 
applications.

Crimp-type contacts are installed by tools 
which are full-cycling, thereby guaranteeing a 
complete installation every time. These installa
tion tools—hand, pneumatic or semi-automatic- 
provide a measurable crimp, facilitating quality 
control.

Connector bodies are molded of high heat
resistant, flame-proof diallyl phthalate with 
molded-in ferrules for contact retention. Jack
screws and guide pins and sockets are stainless 
steel. The connector can be easily polarized by 
varied placement of guide pins and sockets.

All contacts are gold plated with nickel plated 
beryllium copper locking springs. Quality mate
rials throughout provide maximum reliable per
formance of this connector. This miniature HY
FEN connector performs to the applicable sec
tions of MIL-C-8384 and MIL-T-7928. Further 
information is available from

HUGHES VEST POCKET' AIR DEFENSE

interconnected with HYFEN and STAPIN
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Eleotro Soluntlflo Industrie*
7524 S.W. MACADAM • PORTLAND 19, OREGON 

CHerry 6-3331

ELECTRO-MEASUREMENTS, INC.

For electronic designers of the future, the phenomena behind 
the pigeon that homes, the bat that navigates by echolation, and 
the frog that jumps according to light patterns will be as im
portant as Maxwell s equations. These and other processes of 
Nature are already being applied to designing new electronic 
components and computers by specialists in bionics—the name 
for this new discipline. This broad new field of endeavor is 
comprehensively covered by Electronic Design’s Staff Report 
which starts on p 38.

Here for the first time is information on such concepts as the 
neuristor, property filters and the redundant quad. And so new 
are some of these developments that specialists in one laboratory 
are completely unaware of the efforts in another. Establishing 
communications between bionics experts is a big problem. Es
tablishing a sound foundation—an organized body of informa
tion for developing experts—is an even bigger problem. Special
ists in life sciences and physical sciences must understand one 
another.

Major Jack E. Steele of the Bio-Medical Laboratory of Wright 
Field—Mr. Bionics to the workers in this field—appraised the 
situation for Electronic Design this way: “Biologists know a 
great many answers but very few questions—particularly ques
tions of interest to electronic designers. In too many laboratories 
where biologists and engineers work together, the engineers 
help the biologists, rather than the other way around. Together 
they have to find problems that engineers and animals have in 
common and which the animals solve better. Only then can a 
way be found to adapt and adopt the animals’ solution. When 
this is done on a large-enough scale, the character of electronics 
may change."

Progress in the field of bionics may very7 well change the char
acter of electronics. One need only read about the neuristor to 
be convinced of that. Bionics is a new concept—at once a device, 
a machine, a system. It cannot be ignored.
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NEW HIGHER ACCURACY 
Resistance, 0.05%—capacitance and 
inductance, 0.01 %.

NEW GREATER RESOLUTION 
Four-dial Dekadial * decade dial provides 
120,005 divisions of resolution.

NEW IMPROVED RESISTORS
Extremely low temperature coefficient and 
high stability assure measurements 
of maximum accuracy.

NEW NO ZERO CAPACITANCE
Requires no correction for zero capacitance inside 
the bridge. Simplifies making three-terminal 
capacitance measurements.

Includes both uc and de generators and detectors which have been specifically designed 
for use with the bridge, thus assuring adequate sensitivity for attaining specified accu

racy throughout the measurement range.

Price. $1095, fob, Portland, Oregon. Delivery 30 days

SEND FOR DESCRIPTIVE LITERATURE

model

IMPEDANCE 
MEASURING 
SYSTEM...
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For a Nuclear Environment
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Design engineers are often at a loss in 
applying the data scattered throughout the 
literature describing radiation effects on 
electronic components. They are confused 
by differences in units of measure used 
from report to report, and confounded by 
differences in gamma-neutron mix en
countered from reactor to reactor. Often, 
the non-radiation environment parameters, 
which can completely change the damage 
picture, are not adequately specified.
In this article, P. Miglicco (left) and 
M. Newell emphasize environmental pa
rameters, while the radiation doses are 
expressed in the very basic and easily 
measured units of fast neutron per square 
centimeter (nf/cm2). Test results are given 
for many materials. Many valuable tips 
are given in this article for applying these 
findings to design problems.

Non-Nuclear Parameters Can Greatly Influence 
Effects of Radiation

An example of the importance of atmosphere in 
radiation damage studies is the irradiation of 
natural rubber. When irradiated in air, the rub
ber cracked and decomposed from the attack of

may t 
and F 
spouse 
In ad< 
turns I 
radiat 
transit 
spouse

ozone. When protected from air, the rubber with
stood a higher radiation dose before breaking 
down. The concentration of ozone, which is al
ways present in air, is increased through the con
version of oxygen by the radiation field. Fortu
nately, few materials are as sensitive to ozone 
degradation as natural rubber.

Temperature is a parameter that must be given 
consideration for two reasons. The first is that fre
quently the type of damage due to heat is the 
same as, or very similar to, that due to radiation. 
A failure in a radiation field, may come much 
sooner if the component is at a marginally high 
temperature during the irradiation. The second 
reason is the problem of gamma heating. In any 
bulky system exposed to a gamma flux of over 
5 x 1012 y/cm2-sec, gamma heating may be a seri
ous problem. The amount of energy absorbed in 
the form of heat is a function of the density of 
the materials in the component. The maximum 
temperature is determined by this and by the heat 
dissipation factors. These factors depend on the 
size and configuration of the component and on 
the ambient air temperature.

A good illustration of the magnitude of this 
problem is shown in Fig. 1. A sheet of one-inch 
lead was used as shielding in a radiation test. 
When exposed to a gamma flux of 2 x 1013 y-

T
HE RADIATION environment has a definite 
influence on the standard procedure for elec
trical design. The eight stages normally involved 

in developing an electronic system are as follows:
1. System requirements
2. Block diagram
3. Circuit sketches for each block
4. Circuit breadboards
5. Circuits, developed to satisfy electrical re

quirements
6. System prototype
7. Final units, built and electrically checked
8. System test, under required environmental 

conditions.
Between stages 3 and 4, a major step is missing. 

It is: “Find the components which satisfy both 
the electrical and environmental requirements 
which the system must meet.” This step is present 
regardless of the type of environment required. 
The degree of difficulty incurred lies in the 
amount and types of information available.

To satisfy a design problem for a radiation ap
plication today, a designer must arm himself with 
all available radiation effects data on materials, 
components, systems, and with a radiation effects 
“Yardstick.” Theoretical methods of predicting 
radiation damage can be used only for simple 
materials. In the area of commercial materials

and components, the gap between theoretical pre
dictions and experimental results has not been 
bridged.

Parameters which influence the degree of dam
age in electronic components include the total 
dose, ty pes of particles, average energy, intensity 
of the field, temperature, humidity, and atmos
phere. Among the damaging particles, the two 
major contributors to radiation effects outside the 
reactor shield are neutrons and gamma rays. Con- 
vair’s present electronic components program, con
ducted for the U. S. Air Force, is designed to 
separate the effects of the various nuclear param
eters. This information will facilitate:

1. Solutions to system and components shield
ing problems

2. Optimum location or orientation of equip
ment within a vehicle with respect to the 
nuclear power plant

3. Economical and efficient proof-testing
4. Prediction of system life.
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P. S. Miglicco, D. M. Newell 
Senior Nuclear Engineers, 

Convair Div. of General Dynamics Corp. 

Fort Worth, Tex.
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Heat generated by the flux melted the lead

Replacement Of A Few Components Can Greatly 
Improve Performance

The system can be expected to function im
F operly when its weakest component passes its 
d image threshold. This is known as the “weakest- 
hak” concept. If analysis indicates premature 
f ilure of the system, a substitution of compo- 
rents must be made prior to the radiation tests.
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I Radiation Can Cause Either Transient Or 
I Permanent Damage

Radiation effects on materials and components 
I may be divided into two basic types—transient 
land permanent. A transient effect denotes re
spouse of a component that varies with dose rate, 
hi addition, the response of the component re

I turns to normal immediately after removal of the 
radiation field. Fig. 2 is an example of a pure 
transient effect. Here we see the dark current re
spouse of three different reactor power levels for 
in average time of 6.1 minutes per level. After 
irradiation, the dark current returned to its pre
irradiation value.

One of the transient effects which is very dose
rate sensitive is that of air ionization. This phe
nomenon can be1 very troublesome in dielectrics 
exposed to a flux of IO10 n/cm--sec or greater: a 
normal 10’’-ohm insulation resistance may very 
well be reduced to 107 ohms, depending on the 
geometry of the collecting electrodes and the elec
tric field strength. Fig. 3 shows that the insulation 
resistance of mica, Glassmike, and ceramic capaci
tors decreased by factors of 100, 55 and 10, re
spectively. The1 change in insulation resistance 
during irradiation is due to air ionization and 
depends on electrode area and separation.

The collecting electrodes are the ends of the 
capacitors. This explains the different values and 
the order of increased resistance in Glassmike, 
mica, and the ceramic tubular. The increase in in
sulation resistance of the ceramic capacitor during 
irradiation is believed to be due to a residual 
charge on the dielectric from previous voltage ap
plications. Post-irradiation recovery was immedi
ate, portraying a transient effect.

A permanent effect denotes a change in re
sponse which remains after removal of the radia
tion field and in general is a function of the total 
dose received. This effect is illustrated in Fig. 4. 
Here the forward resistance of the 1N91 ger
manium diode is shown to increase as a function 
of the total dose received until it reached some 
type of damage saturation. The data taken with 
the radiation field removed show that the effect 
is permanent. Oven-heating of the irradiated 
diodes to 100 C and 150 G did not anneal out the 
damage in these cases.
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Fig. 2. In a typical transient effect, three photomultiplier 
types exhibit increased dark current during irradiation, 
return to normal afterwards.

Fig. 1. In just over 1-1 /2 hr, a hole was melted through 
this 1-in. lead shield by gamma flux of 2 x 1013ycm2-sec.

Table 1. Electronic Component Yardstick 
Of Radiation Effects*

Component Class Threshold Dose 
(in n/cm2)

Component 
Material

Light Detectors 10’2 Photomultipliers 
(rate sensitive) 

Lead Sulfide 
Cells

Semiconductors 1012 to 1014 Silicon
Transistors

Germanium 
Transistors

Germanium 
Diodes

Silicon Diodes
Insulators Ì0'2 to over 1 O’6 Teflon 

Nylon 
Silicone Rubber 
Polyvinyl

Chloride 
Silicone Resins 
Formex 
Polystyrene 
Polyethylene 
Mylar 
Mycalex 
Supramica 
Phenolic

(Bakelite) 
Ceramic

Resistors 1013 to over 10 6 Fixed
Composition 

Deposited
Carbon 

Boron Carbon 
Carbon Film

Note: *AII doses are for neutrons with energies 2.9 
mev (n/cm2). Gamma doses are = 175 times greater, 
except for the gas filled tubes, where the gamma 
are = 2000 times greater on a particle basis

Component Class Threshold Dose 
(in n/cm2)

Component 
Material

Relays
Wirewound

(Time Delay Only) 10’4 Pneumatic Type
Fluid Damped

Type

Capacitors 1 O’4 to over 1 O’6 Tantalum
Electrolytic 

Aluminum
Electrolytic 

Paper-Solid
Imprégnant 

Paper-Oil
Imprégnant 

Glassmike 
Molded Mica 
Ceramic

Piezocrystals over 1 O’6 Barium Titanate
Quartz

Vacuum Tubes over 10’6 Receiving Type
Gas Filled Tubes

Electromagnetic

over 10’6 Voltage 
Regulators

Devices over 10’6 Transformers, 
Chokes, Motor
Type Devices, 
Relays 
(other than 
Time Delay)
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Fig. 3. Post-irradiation recovery of insulation resistance is illustrated for three 
capacitor materials.

Of course, the final test is in actually operating 
the units under the required nuclear and non
nuclear conditions. Progressing from this point by 
further substitution or redesign of the circuits, a 
fully qualified system will develop.

Design data are being accumulated for a wide 
range of typical components. With these data, the 
components can be arranged in a comparison 
table, which may be called a Radiation Effects 
Yardstick. From the Yardstick shown in Table 1, 
we can determine:

1. The relative resistance of various classes of 
components

2. The relative resistance of the types of com
ponents within a class

3. An order of magnitude of the dose at which 
the response of the component will begin to 
change.

The Yardstick also emphasizes several other 
points:

In nearly every class of components there are 
types which will withstand what are presently 
considered “high” doses. However, none of the 
light detectors or semiconductors can withstand a 
high dose. The thresholds shown for insulation 
are due to physical rather than electrical de
terioration. Though electrical insulation resistance 
data are sparse (because of air ionization prob
lems), indications are that physical destruction 
occurs before permanent electrical degradation. 
Finally brought out is that inorganics are more 
radiation-resistant than organics.

Organic materials, when exposed to a mixed 
field, are damaged more by the gamma rays than 
by the neutrons. The thermal neutron flux has 
been reduced to insignificance by use of a boral 
shield. The mixed-field exposures have been re
ported m terms of fast neutrons because they can 
be measured more accurately than the associated 
gamma radiation. Hence, flux strengths are ex

4>n = 2.2XI08nf/CM2/SEC

0y=5 4X IO9y/CM2/SEC

Re»9.22û
® = AVERAGE OF 4 SPECIMENS
■ = AVER AGE OF 2 SPECIMENS

(n>2.9mev)
(ysílmev)

ONE DAY AFTER ANNEALING „

■ MEASURED AFTER 
-FALLOWING TO 

Z^JCOOL TO ROOM
/ TEMPERATURE

HEATED TO IOO°C 
FOR 2.2 HOURS

HEATED TO I5O*C
FOR 1.0 HOURS

10 20 30 40 50 60 70 80

IRRADIATION TIME (hours)

0 4 8 12 14 16

POST IRRADIATION TIME (days)
Fig. 4. Permanent increase of forward resistance of germanium diodes would not be 
reduced by annealing.

pressed as neutrons/cm2. Gamma dosage can be 
calculated, if required by the gamma-neutron 
ratios of 175 or 2000 noted in the table.

Most electronic designers are very familiar with 
component terminology and with some of the 
trade names of the parts within each component. 
Few are familiar with the chemical names of the 
various dielectric or structural parts. An excellent 
plastics reference chart to be used with Table 1 
may be found in reference 8 (ED. Sept. 3, 1958, 
P 20).

Dielectric Oils Break Down Because of Formation 
of Gas or Gel

Two principal reactions occur in the dielectric 
oils. The first, the results of which are illustrated 
in Fig. 5, is a splitting off of small fragments of 
the molecules which are evolved as gas. The most 
common gases evolved are hydrogen and meth
ane. However, many other gases are evolved, de
pending on the structure of the oil. The second 
pronounced effect on oils is a polymerization of 
the molecules. This always affects the viscosity 
and usually results in formation of a gel. The ma
terial is considered a gel when it has become a 
rubbery non-pourable solid. Nearly all oils under
go this phenomenon if exposed to a sufficient 
dose. In some applications, no harm will occur 
until a gel is formed. In other applications, such 
as oil-filled time delay relays, a change in viscosity 
will change the operating characteristics of the 
component. The designer must consider the de
gree of viscosity change which will conform to 
this criterion. Considerable data exist on the sili
cone dielectrics and on some of the non-silicone 
dielectrics. When viscosity or gelation is the po
tential problem, the designer must look at G 
values for gelation. When pressure or gas appears 
to be the problem, then he must look at G values 
for gas formation. The G value is the number of

molecules affected or formed (according to the in
dividual case) per 100 ergs of absorbed energy.

’rhe fluorocarbon oils have very poor radiation 
resistance in regard to both gel formation and gas. 
The silicone oils are somewhat better, since they 
do not release any corrosive gases. Moreover, the 
G values for gas formation are lower than those 
for fluorocarbons. They do present a problem in 
gel formation, however. When a silicone oil is 
used, the phenyl ty pes should be chosen over the 
methyl types because this type of silicone offers 
a lower G value for gelation.

The standard hydrocarbon oils give trouble in 
both gas formation and gelation. Unsaturated oils, 
such as castor oil, are not as good as the saturated 
types. Among the aromatics, polyphenyl ethers, 
biphenyl, and terphenyl have been exposed to 
over 1015 n/cm2 with almost no danger.

The electrical properties of these oils examined 
have not been seriously affected. The silicone oils 
suffer very little in dielectric strength and loss 
tangent. The fluorinated and chlorinated hydro
carbons were damaged more as a result of the 
halides formed.

Halogenated oils should be avoided wherever 
possible. When silicone oils are used, the phenyl 
ty pe should be specified. When hydrocarbon oils 
are used, the aromatic type should be specified if 
possible. The designer must be aware of the gas
sing and gelatin problems in his design, and have 
G values for these on all available oils when 
specifying a dielectric oil.

Proper Choice of Solid Insulators and Parts 
Makes The Difference

Teflon* will have to be replaced in any appli
cation where it is expected to receive over 1012 
n/cm2 integrated flux. The other fluorinated

•Trade mark, E. I. du Pont de Nemours & Go.
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niques for Nuclear Environmental Testing. ' WADC Tech
nical No. 57-207, December 1957.

8. Electronic Design, Sept. 3, 1958.
9. The Effects of Nuclear Radiation on B-36 Aircraft 

Systems, Addenda 1 and 3. Convair-Fort Worth Reports 
MR-N-167-1 and MR-N-167-3, August and December 
1957.

10. Baker, M. L., and Gammon, E. P., “Effect of Nu
clear Reactor Radiation on the Operation of Aircraft Type 
Gyros.*’ Second Semi-Annual Symposium of Radiation Ef
fects, Columbus, Ohio, Oct. 22-23, 1957.
•This reference contains a complete bibliography.
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Radiation Effects on Electronic

THESE COMMUTATORS ARE 
INDISPENSABLE FOR:

• Antenna Lobing or Switching
• Wullenweber Antenna Arrays

• Channel Switching

AND MANY OTHER FUNCTIONS 
WHERE PRIMARY CONSIDERATIONS ARE

Horn Antennas 
Linearly 01 Circularly 

polarized • 1 kmc 
. to 40 kmc y

Coaxial crystal detec 
tor mounts • 50 me 

< to 12 kmc >

Components.” Electronic Equipment, July 1957.
4. McMillan, W. D., “The Effects of Reactor Radia

tion on the Electrical Properties of Capacitors." Convair 
Fort Worth Report FZM-1010, October 1957.

5. Nuclear Radiation Effects Research on Aircraft Ma
terials, Convair-Fort Worth Report MR-N-239 (in publi 
cation).

6. ’Dvorak, H. R., “W eakest Link Method Helps Sys
tem Design for Radiation Environments.” Space Aero
nautics, December 1958.

Convair Ground Test Reactor (GTR) source, was 
5.5 x 109 ergs/gm(C), the source’s characteristic.

The problems are many in designing electronics 
for a nuclear environment. However, these prob
lems can be solved just as problems of similar 
magnitude have been solved in the past for other 
environments. Many more answers are needed. 
The need for a greater understanding of radia
tion effects, that is air ionization, gamma heating 
transient damage, and permanent damage, is of 
utmost importance. The designer of today must 
choose the components which will satisfy both the 
electrical and the environmental requirements of 
the system. As in nearly all branches of science, 
the final proof lies in the comprehensive testing 
of the materials, components, and systems. ■ ■

Waveguide \ 
Crystal Detector 
Mounts »8.2 kmc 
to 40 kmc aluminum 
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^àj^tial sensi j 
RMftivities /

erever 
ihenyl 
in oils 
Bed if 
e gas- 
have 

when

In Canada contact: Conway Electronic Enterprises Regd , Toronto, Canada 
CIRCLE 62 ON READER-SERVICE CARD

• High Speed—»-Faster than 1 m/xsec • Low Operating 
Power • Broad Bandwidth • Reliability • Light Weight 
• Small Size • Temperature Insensitivity’Over Wide Range 

COAXIAL SWITCHES AVAILABLE FROM 10 MC TO 12 KMC AND 
WAVEGUIDE SWITCHES AVAILABLE FROM 8.2 TO 18 KMC

hydrocarbons are not much better. Fig. 6 lists the 
relative radiation resistance of only a few typical 
insidating materials.

Nylon and the present commercial silicone rub
bers break down at 1014 n/ern2. There are, how
ever, high phenyl silicone rubbers under develop
ment which should give 100 times longer life than 
the present commercial stocks.

The non-elastomeric resins are considerably bet
ter in radiation resistance than the commercial 
elastomers. This class of materials includes the 
resins and enamels, laminates used for structural 
applications, molding compounds, etc.

A number of these silicone dielectric materials 
have been irradiated. After irradiation to a maxi
mum integrated flux of 1015 nf/cm2, no damage 
was found in the dielectric strength of any of the 
materials except Dow’ Corning resin 997 on glass 
cloth. There was a 65 per cent loss in the dielec
tric strength of the latter.

Physical embrittlement, evident in some silicone 
samples, was not serious. The per-cent water ab
sorption of Dow Coming 301 molding compound 
doubled when exposed to 9.9 x 1014 nf/cm2 (Table 
2). Other physical properties tested, and dielec
tric strength underw ent no detectable permanent 
damage at the same integrated flux. The asso
ciated gamma dose for this irradiation, using the

bibliography

1. Effect of Radiation on Electrical Properties of Elec
tronic Components, Parts I through V, Convair-Fort \\ orth 
Reports MR-N-116, 173, 178, 185, 216, Dec. 27, 1956- 
Aug. 22, 1958.

2. The Effects of Nuclear Radiation on Electronic Com
ponents, Admiral Corp. Scientific Reports 1 through 10, 
Oct. 10, 1955—January 1958.
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Table 2. Water Absorption Of DC301 
Molding Compound

Gamma Dose 
(ergs/gm) (C)

Fast 
Neutrons/cm2 
E greater than 

0.33 mev

% Water 
absorbed 

24 hr

Control Control 0113
5.5 xlO6 9.9x10'’ 0.106
5.5 xlO7 9.9 xlO’2 0.101
5.5 xlO8 9.9 xlO13 0.129
5.5 xlO9 9.9x1 O’4 0.231
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Multivibrator Gives Nanosecond Pulses
With Variable Width, High-Duty Cycle

Rob Roy 
Autometric Corp.
New York City

50 n 
the d
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creasct 
swing I

Delivery of high-duty-cycle pulses in the 
nanosecond region is virtually beyond the 
capability' of conventional monostable multi
vibrators. Rob Roy here explains why, and 
tells how he added to the basic circuitry to 
solve the problem.

Fig. 1. Conventional, collector 
coupled, monostable multivibra

feren 
tngg'

Transistor Q3, an emitter follower, isolates 
point A from the coupling capacitor. The 
coupling capacitor discharges through the output 
impedance of Q3, which is approximately the 
same as Rl/$. This action increases the duty' 
cycle by a factor |3.

Transistor increases the current fed to Q2 
by a factor (3. This circuit feature, known com
monly as the “Darlington Connection,” frees R 
from its two independent requirements. The re
sistance of R now can be increased, and the de
sired output swing still maintained.

< han 
iang 
ient.

Capacitor Must be Large
To transmit the positive pulse from A to D, 

the capacitance of C must be much greater than 
the input capacitance to Q2. Because Q2 is ON, 
this capacitance is considerable. Hence, capaci
tor C is fairly well fixed for most short-pulse- 
width circuits.

sistor 
iug I 
the < 
point

This time constant, RlC, fixes the duty cycle 
of the circuit. Attempting to increase the duty 
cycle by increasing R will result in unequal pulse 
widths, as shown in Fig. 3. If C is made as small 
as possible, then R must be increased to main
tain the other time constant, RC.

For a given Rfj, the base resistor necessary to 
keep Q2 ON is R < frRL. If R^ is small, then to 
maintain a given rise time, R must also be small. 
These two requirements for R are virtually in
dependent and often cannot be satisfied simul
taneously. If R is increased beyond the point 
necessary to hold Q2 ON, the output swing of 
Q2 is decreased, as shown in Fig. 3. For some 
applications this is a serious drawback.

The circuit of Fig. 4 eliminates the disadvan
tages associated with the circuit of Fig. 1.

A
 REVISION of the conventional transistor 
monostable multivibrator combines high 

duty-cycle and variable width in the nanosecond 
region—where such characteristics have been al
most impossible to obtain.

A conventional collector-coupled, monostable 
multivibrator is shown in Fig. 1.

Assume Qt initially is OFF (nonconducting) 
and Q2 is ON (fully conducting). A positive pulse 
applied at A, or a negative pulse at B will turn 
Qi ON, and Q2 OFF.

The positive swing, E v at A, is transmitted 
through capacitor C to the base of Q2, holding it 
OFF. The capacitor C then discharges towards 
—E v with a time constant T = RC. When 
the voltage at the base of Q2 is more negative 
than the emitter, Q2 turns back ON.

The resulting positive swing at B turns and 
holds Qi OFF until another triggering pulse ar
rives. The voltage at point A decays towards —E 
v with a time constant T = Rr.C.

lems. 
circuì 
switc

Triggering of a monostable multivibrator is 
another problem. It was mentioned that a posi
tive pulse at A of a negative pulse at B of Fig. 1 
would trigger the circuit. However, a positive 
pulse at A sees the input impedance of an ON 
transistor, which requires a large drive signal for 
triggering OFF.

There is also the serious problem of loading 
capacitance onto point A. For the speeds and 
pulse times concerned, less than 1 usee, this is a 
serious limitation. Also, triggering at this point 
requires a trigger signal of shorter duration than 
the pulse width of the multivibrator.

Negative Pulse Triggering Uses Small Signal
Although triggering from point B with a nega

tive pulse requires a smaller drive signal, than 
does a positive trigger at A, there is still the

Fig. 3 
wavefo 
when I 
beyond 
necessc 
ON tro

Fig. 4 
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All Transistors 2N496
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FemaleFemaleFemale

$2990$2890Prices $3090 $2990
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than

Write us for complete details of these new 

oscillators. We'll also send you our new short 
form catalog, which describes Alfred's complete 

line of packaged traveling wave tube amplifiers.

626
6.5 11.5

624 
8-12.4

625 
12.4-18 

'P” Band

This man is using 
the industry's 
most advanced

Using Alfred Model 623 Microwave Oscillator (left) 
to test small signal and saturation gain of Model 503 
Traveling Wave Tube Amplifier. Microwave Leveler, 
Alfred Model 704, holds power output from oscillator 
constant within ± 1 db.

swept microwave 
oscillator

No other sweeping oscillators offer as many solid advan
tages as Alfred Electronics’ new series 620 models, built 

by the industry’s leading manufacturer of high quality, broad
band microwave instruments. Note these features:

Fig. 2. Voltage wave
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CENERAI
FREQUENCY CONTROL: Continuously ad 
justable with direct calibrated dial. 
Calibration accuracy, 1%.
POWER OUTPUT (minimum): 10 mw. Con 
tinuously adjustable from zero to max
imum.
VSWR (maximum): 2:1.

Female Cover Flange 
UG/419/U 

$2890 $3450

From 0 tc any part of entire frequency 
range.
TIME: 100 to .01 seconds.

MONITOR OUTPUT: Positive linear saw
tooth, 45 volts peak; Blanking out, 75 
volts negative.
EXTERNAL SWEEP: 200 volts gives full 
sweep width.
AMPLITUDE MODULATION

INTERNAL SQUARE WAVE: RF output 
alternately 0 and unmodulated CW 
value. Frequency 800 to 1200 cps.
EXTERNAL: 30 volts maximum signal 
increases RF output from 0 to max
imum.

POWER INPUT: 105 to 125 volts; 60 cpt.

points of conventional 
multivibrator circuit 
for a fixed R, and 
low-duty cycle.

> is a 
point 
than

flLffifD ÍLÍCTROHICS 
Dept. 36

897 COMMERCIAL STREET 
PALO ALTO, CALIFORNIA

BRIEF SPECIFICATIONS

Model 621
Frequency Range (kmc) 1-2 

RF Output Connector "N” 
Female

tor is 
posi

ng. 1 
sitive 
i ON 
al for

SWEEP

SELECTOR: Recurrent sweep, single 
sweep, CW, and external on panel 
switch.
CONTROL: Single sweep, triggered by 
panel button, or external positive go
ing signal 20 volts or greater.
SWEEP WIDTH: Continuously adjustable

★ Six models, covering 1 to 18 kmc. Broadest frequency range 
available. Electronic sweep of RF output, or extremely stable 
CW operation.
* Linear frequency sweep coverage over all or part of each band 
for rapid evaluation of reflection coefficient, gain, attenua
tion and other network transfer characteristics.
kr Two adjustable frequency markers for convenient calibration 
of oscilloscopes or recorders. Markers save valuable test time 
by indicating either band limits or intermediate frequency 
values. An exclusive Alfred feature on all models.
* 0.5 microseconds rise and fall response to AM — equivalent to 
a 2 megacycle band pass. Another exclusive Alfred feature.
★ Quick Look readout. See frequency range, markers and sweep 
time at a glance. No cumbersome calculating.
★ Fast sweep for flicker-free oscilloscope presentation; slow 
sweep for mechanical recorder operation.

loading capacitance problem, the pulse-width 
problem, and possibly a pulse-polarity problem.

The use of Q5 eliminates most of these prob
lems. Transistors Q5 and Q2 serve as an AND” 
circuit. Either or Qj may be switched to get 
switching at point B.

Transistor Q5 is used as the triggering tran
sistor. A small trigger applied to the differentiat
ing network RiCi, turns OFF Q5 and triggers 
the circuit. Thus Q5 isolates the trigger from 
point B.

The positive trigger required for Q5 is much 
less than the trigger required at point A. Dif
ferentiating allows the use of fairly broad input 
triggers.

The vv a\ eforms at both points A and B are of 
< xcellent quality, having rise and fall times below 
r0 nsec. This allows the system designer to use 
the differentiated trailing edge of point A as a de
layed trigger pulse. The pulse width can be 
(hanged, using the variable R. through a 10:1 
Jange. The duty cycle is better than 95 per 
c ent. ■ ■

ALFRED FLFCTROniCS

Fig. 3. The voltage 
waveforms of Fig. 2 
when R is increased 
beyond BRQl the value 
necessary to keep the 
ON transistor on. The 
duty cycle has in
creased, but voltage 
swing has decreased.

Fig. 4. This circuit gives high duty cycle with proper 
P value and maximum voltage swing.
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NEW HIGH-FREQUENCY CURRENT PROBE
0.014

P6O16 and TYPE 131 SYSTEM

0.54

0 55

Index of ManufacturersP6016 and PASSIVE TERMINATION SYSTEM

15 - 4'

20-4'
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COMMON TO BOTH SYSTEMS
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I >00Chicago (Park Ridji

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electron!

DOO
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Buffalo, N.Y. . 
• Ind anapohj.

Maximum Current Rating
10 amperes peak-to-peak.

Sensitivity with 50 mv/div 
Oscilloscope Input:

1 ma/div basic sensitivity. Ten-posi
tion switch provides calibrated steps 
of 1, 2, 5, 10, 20, and 50 ma/div ... 0.1, 
0.2, 0.5, and 1 amp/div, accurate with
in 3%. Continuous uncalibrated ad
justment is possible by using variable 
control on the oscilloscope.

At 10 ma/mv—about 230 cps at 3 db 
down (5% tilt of 55 microsecond 
square pulse).

Maximum Current Rating:
15 amperes peak-to-peak.

Low-frequency Response
50 cps at 3 db down.

$235 
$ 90 
$ 75 
$160
$ 15

Direct Current Saturation
Threshold:

y, ampere.
Maximum Breakdown Voltage
Rating:

600 volts, with thumb slide closed,CAREER OPPORTUNITIES now exist at Tektronix in 
the follow-ng field*: Instrument design, Circuit design 
and engineering, Cathode ray tubes. Electron physics. 
Solid state and aemi-conductor devices For information 
write to Irving Smith Personnel Director

Power Requirements:
105-125 volts ac, approximately y2 
watt at 117 v.

St. Petersburg, Fla. 
s, Portland, Oregon

Sensitivity:
Either 2 or 10 milliamps per millivolt 
of oscilloscope sensitivity, accurate 
within 3%.

'Risetime (with Type K or L Plug-In 
Unit in a Type 540-Series 
Oscilloscope):

16 nanoseconds (approximately 20 me 
at 3 db down).

Low-Frequency Response:
At 2 ma/mv—about 850 cps at 3 db 
down (5% tilt of 14 microsecond 
square pulse).

Toronto (Willowdale Ont.) Canada • Washington, D C (Annandale, Va.)

Insertion Impedance:
About 0 005 ohms or less in series 
with conductor under test, and typi
cally about 1.5 picofarads between the 
conductor and probe case.

Price, TYPE P6016 and TYPE 131 SYSTEM . . .
TYPE P6016 and PASSIVE TERMINATION SYSTEM 
Type P6016, purchased separately..............................  
Type 131, purchased separately......................................  
Passive Termination, purchased separately...............

f.o.b. factory

TEKTRONIX FIELO OFFICES: Albuquerque, N. Mex. . Atlanta. Ga . alt.more

Stamford, Conn. • Union, NJ. • Orlando, Flo. • Philadelphia, Pa. • Phoenix (Scottsdale, Ariz.) • Pough
Ohio • Denver, Colo. • Detroit (Lathrup Village, Mich.) • Endicott (Endwell, N.Y.) • Greensboro, N.C. • Houston, Texas
L.A. • Encino • West L.A.) • 
keepsie, N.Y. • Son Diego, Calif.

In ELECTRONIC DESIGNS Feb. 3 is 
sue, containing a series of articles on 
radio-frequency interference (RFI), a 
partial listing of available measuring 
equipment was included. A complete, 
up-to-date tabulation is now presented 
to assist new interference-control groups 
to select equipment. Please note that 
the table does not include simplified 
go/no-go devices, some obsolete equip
ment or spectrum analyzers.

P. O. Box 500 • Beaverton, Oregon 
Phone Mitchell 4 0161 • TWX—BEAV 311 • Cable: TEKTRONIX

The P6016 AC Current Probe and Type 131 
Amplifier constitute a current-detecting system 
for use with your Tektronix Oscilloscope. This 
system provides accurate displays for observa
tion and measurement of current waveforms. 
Current range extends from less than one milli
amp to 10 amps. Passband, with a 30-mc 
oscilloscope, is 50 cps to approximately 17 me.

Long narrow shape and convenient thumb 
control make the P6016 easy to use. Just place 
probe slot over conductor and close slide with 
thumb—no direct electrical connection is re
quired. Wiping action keeps core surfaces 
clean. Loading introduced is so light that it 
can almost always be disregarded.

A second system comprises the P6016 AC 
Current Probe with a Passive Termination. 
Although less versatile, this system provides 
for observation and measurement of current 
waveforms at frequencies to approximately 20 
me with a 30-mc oscilloscope.

Richard B. Schulz
Research Engineer 

Armour Research Foundation of 
Illinois Institute of Technology 

Chicago, III.

Noise:
Equivalent to a 100-microampere 
peak-to-peak input signal.

Risetime (with Type K or L Plug-in 
Unit in a Type 540-Series 
Oscilloscope):

20 nanoseconds (approximately 17 me 
at 3 db down).

Empire Devices Products Corp 
Amsterdam, N.Y.
Ferris Instrument Co., 
Boonton, NJ.
Measurements Corp.
Boonton, N.J.
Polarad Electronics Corp.
Long Island City, N.Y.
Sprague Electric Co.
North Adams, Mass.
Stoddart Aircraft Radio Co., In 
Hollywood, Calif.

In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.I., for the address of the Tektronix Representative in your country

CIRCLE 64 ON READER-SERVICE CARD
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Detector Antenna Systems 
Functions

BS on

Frequency „ . . Manufacturer
w c 

m ** °- _ 0 2 c
” i 8 o o - ■! 6

MIL-I-26600 
(Air Force)

MIL-I-11748B 
(Proposed) 

(Army)

MIL-I-16910A
I Range (me) (Navy)

Immediate Remarks

I 30 C - 0.015 mt NM-40A or
AN/URM-41

Stoddart X X X X X 
(Also RMS)

X

I 0014-025

I 0014-1000

I 0.014-1000

NM-10A or 
AN/URM-6B o 
AN/URM-106

NF-205

NF105

Stoddart

Empire

Empire

X X X X X

X X X X X X

X X X X X X Category A, C2

0.014-0.15 me.

0.014-1000 me.
(Preferred over 
NF105)
0.014-1000 me.

Class 1

Class II

X

X

X

I 015-25

I 0.15-04, I 16-40

I 015 80

I 015-1000

I 0.54 -216

I 0.55-25

NM-20B or 
AN/PRM-1A

AN/URM-3

NF114or
AN/PRM-14

AN/URM-85

500

32D

Stoddart

Designed by 
Army

Empire

Empire

Sprague

Ferris

X X X X X

X X

XXX

X X X X X X
(Also dipole with corner reflector)

X XXX

X X X X x

Category A, C2

015-20 me.
(Broadband only)

0.15-1000 me.

Class 1

Class II

X

Used by Army.

Obsolete, but still used

Development models in use.
Production started.

I 15-150

I 15-400

I 20 - 400

I 20- 400

58AS

NMA-5A or 
TS-587A/U

NM-30A oi
AN/URM-47

AN/URM-7

Measurements

Stoddart

Stoddart

Empire

XXX X

XXX X

XXX X

X X

Category A, C2 20 - 400 me.

20 - 400 me.

Class IV

Class 1

X

X

X

Obsolete, but still used.

I 150- 1000

I 375 - 1000

I 375-1000

AN/TRM-4

NM-50A or
AN/URM-17

NM-52A

(Inform!

Stoddart

Stoddart

□tion not available)

XXX X

XXX XX

Category A, B, Cl 400 -1000 me.

Class III

Class 1 X

w

I 9 .0 -11,000

I 1 100-10,000

I 1-00 -10 000

I 1 100-15,000

AN/TRM-6

FIM

NM-60A or
AN/URM-42

NF-112

(Inform!

Polarad

Stoddart

Empire

stion not available)

XXX (Also omni- X 
directional)

XXX XX

X X (Also broadband X
parabolic antenna)

Category A

Suggested only: 
1000-10,000 me.

1000-10,000 me.

1000 -10,000 me.

1000-10,000 me.

X

X

X 
(1-10 kmc)

10-15 kmc being developed
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Transformers
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Networks
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PHASE SPEH NETWORKS

• Coils

• Baluns

. . . B&W’s specialized 
facilities and experience 
in design, engineering 
and production are ready 
to solve your unique 
problems in these fields. 
You are assured 
immediate action and 
short delivery on special 
components, assemblies 
and equipment.
We invite you to ask for 
bulletins or better yet. 
drop us specs covering 
your specific 
requirements.

R. C. Harrison, electrical circuit design coordinator for Douglas Aircraft's Missile Division, 
says his job is to check circuit designs, and assist younger "and, often, brighter' engineers in 
making effective design presentations. In this article, he offers assistance to younger—and 

Boolean algebra, and converting algebraicolder—engineers in formulating problems 
solutions into useful hardware.

in

Ttst Equipmaiit
Audio Oscillators 
Distortion Meters 
Audio Frequency

Meters
R F Signal 

Generators
Grid Dip Meters

Camponants
Filters Low & High
Frequency

Low Pass 
High Pass 
Band Pass 
Band Refection

Toroidal Coils

I F and R F 
Transformer 
Assemblies

T-R Switches
R F Filament Chokes 
Audio Phase Shift

Networks 
Band Switching

Pi-Networks 
Cyclometer-type

Counters 
Oscillator Coils 
R F and Audio

Filters
R F Chokes
Air Wound Inductors 
Transmitting

Condensers 
(Variable Air >

Frequency 
Multipliers

Band Switching 
Turrets

Rotary Coils
Antenna Tuning 

Networks
Baluns

Special Equipment

Mobile Radio 
Teletype 
Equipment

AM SSB Transmit
ters and Receivers

Canal Street • Bristol, Penna.
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R. C. Harrison
Douglas Aircraft Co.
Santa Monica, Calif.

B
OOLEAN algebra can be fun. But it also can 
be useless unless one knows how to put a 
problem in its terms and extract a solution in the 

form of hardware—switches, relays, transistors, 
diodes.

The techniques of the Boolean approach can 
best be illustrated by a typical problem.

Suppose it was desired to adapt a Nike-Ajax 
launching site into a Nike-Hercules site. We 
must install switching to enable a remote-control 
center to choose either an Ajax system or any of 
six Hercules systems. (The Hercules uses any of 
three different warheads, and can fly either of 
two different missions.)

Specifically, the problem is to design circuits, 
using Boolean algebra, that compare a prepared 
launching configuration with a requested config
uration. If the missile were of the same con
figuration as requested, the “Missile Prepared” 
relay already existing in the Ajax system would

be energized. If the missile were not of the re
quested configuration, the relay automatically 
would be opened.

It also is desirable to provide safeguards 
against spurious signals that might result from 
short or open circuits.

The first step in using Boolean algebra is to 
assign algebraic symbols to all functions (con
figuration signals) to be considered. These are 
indicated in Table I.

The second step is to determine how many 
combinations of signals are possible, what each 
combination includes, and which ones are ac
ceptable for energizing the “Missile Prepared” 
relay—that is, what combinations of signals will 
indicate that prepared configurations are the 
same as requested configurations?

Each signal has two possible states, “ON” or 
“OFF,” and there are 12 signals to be consid
ered. Hence, the total number of theoretically 
possible combinations is 212, or 4,096.

Without prior knowledge of which combina
tions are acceptable and which are not, it would

be nc 
binat
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know 
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WHICH LOOK-ALIKE HAS PDQ

Table 2. Combinations of the Variables.*

RoO,

Complete specifications available on request. Write to.

CIRCLE 66 ON

'Precision Engineering 
Design Know-how 
Quality Craftsmanship

ABC DEF abed ef 
ABCDEFabcdef 
ABC DE F abed ef 
ABCDEFabcdef

ELECTRONIC DESIGN • September 14, 1960

ABCDEFabcdef 4-
ABCDEFabcdef + (1)
ABCDEFabcdef 4- 
ABC DEFabcdef

be necessary to tabulate the 4,096 possible com
binations and examine each one.

However, as in many similar problems, prior 
knowledge of the physical structure of the con
figurations indicates that most mathematically 
possible combinations are not physically pos
sible. Hence, only those combinations that we 
know to be acceptable are listed.

In such tabulations, as in Table II, a "1” indi
cates the signal is “ON,” and a “0” indicates it is 
“OFF.” In the “Result” column, aT on any line 
indicates that the combination of signals on that 
line has been examined and found acceptable. A 
“0” on any line indicates the combinations on 
tliat line have been examined and found unac
ceptable.

In Table II, lines 9, 10 and 11 illustrate a few 
signal combinations for which the “Missile Pre- 
pu-ed” relay would not be energized. Line 9 
shows the prepared missile has a different con
figuration than that requested; line 10 shows an 
abnormal condition that might result from short- 
c rcuited wiring; and line 11 shows another ab- 
r ormal condition that might result from an open 
circuit in the request signal wiring.

The third step is to prepare an equation ex- DES PLAINES, ILLINOIS 
READER-SERVICE CARD

This equation is an exact, concise statement of 
the circuit requirements with respect to the “Mis
sile Prepared” relay.

The fourth step is to simplify the equation by

Item UBThe Littelfuse Miniature Fuse 
Extractor Post ¿342012.

1 Test prod hole in knob—light tap by prod 
removes flash.

2 Knurled knob for sure grip.
3 Constant-tension beryllium copper coil and 

leaf springs for positive pressure contact.
4 Quick change bayonet lock.
5 Shortest behind panel length (!-%")•
6 Double flat prevents turning and facilitates 

positioning.
7 One piece side terminal and top fuse contact 

—no soldered or welded joints, low voltage 
drop.

8 One piece knife edge bottom contact for low 
voltage drop.

9 Terminals designed for easy soldering.
• High resistance to vibration and shock.
• Molded of high impact Bakelite.
• Conserves valuable behind panel space.
• Can be modified to meet many military 

applications.
• Standard posts meet MIL-P-14E 

type CFG.

pressing all acceptable combinations of signals 
in algebraic terms. In this equation, the “ON” 
state is denoted by a letter, as assigned in Table 
I, and the “OFF” state is denoted by a letter with 
a bar under it. Thus with “A” and ‘A , “A” is read 
Not A.” Also, algebraic multiplication denotes 

“and;” the algebraic plus sign “4~” denotes “or.”
Hence, the equation XY 4- Z = 1 would be 

read; “X and Y, or Z, is an acceptable combina
tion.” The equation X 4- YZ = 1, would be read; 
“Not X, or Z-and-not-Y is an acceptable com
bination.”

In Table II, the combinations on line 1 OR 
on line 2, OR on line 3, etc. are acceptable. Line 
1 alone would be written “ABCDEFabcdef = 1.” 
The equation expressing all eight acceptable 
combinations would be:

LITTELFUSE

Examine these features and learn 
why PDQ* is important in fuse 
extractor post design.

Table 1. Designation of the Variables in the Design Problem

CONFIGURATION REQUEST 
SIGNAL

PREPARED 
SIGNAL

NIKE-AJAX MISSILE A a

HERCULES MISSILE &WH#I B b
HERCULES MISSILE 8WH#2 C c

HERCULES MISSILE & WH# 3 D d
FLIGHT MISSION #1 E e

FLIGHT MISSION #2 F f

Acceptable combinations yield the mathematical result “1”, unacceptable combinations yield a

LINE
REQUESTS PREPARED

RESULTA B c D E F a b c d e f
1 1 0 c 0 1 0 1 0 0 0 1 0 1
2 1 0 0 0 0 1 1 0 0 0 0 1 i
3 0 1 0 0 1 0 0 1 0 0 1 0 1
4 0 1 0 0 0 1 0 1 0 0 0 1 1
5 0 0 1 0 1 0 0 0 1 0 1 0 i
6 0 0 1 0 0 1 0 0 1 0 0 1 1
7 0 0 0 1 1 0 0 0 0 1 1 0 1
8 0 0 0 1 0 1 0 0 0 1 0 1 1
9 0 1 0 0 1 0 0 0 1 0 0 1 0

10 1 1 1 0 1 0 1 1 1 0 1 0 0
11 0 0 0 0 0 1 0 0 1 0 0 1 0
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Pertinent Literature: Nickel Alloys for 
Electronic Uses.

HIGH-VACUUM, HIGH-VOLTAGE recti
fier made by (»eneral Eleetrie with shield 
of Electronic Grade “A" Nickel.

Fig.
OpDO 
actuc

*3 >3

Alloys for 
Electronic Uses and T-5 — Engineering 
Properties of Monel and “R” Monel.

Vol. 2, No. 3 Nickelonic News
Nickel shields tube 

against cracking
When General Electric engineers were 
designing the two-electrode high
vacuum kenotron tube (GL-5973), 
they needed a metal for the electro
static shields with an exceedingly low 
vapor pressure. Otherwise the metal 
would deposit on this glass of the tube 
and crack it.

The material also had to offer excel
lent oxidation resistance, ease of fab
rication, cleanliness, strength, ease of 
degassing and physical stability. 
According to A. A. Chatham, G.E. 
process control engineer. Electronic 
Grade “A”* Nickel was selected for 
the shields because of its combination 
of the needed properties.

In rectifier service, the tube will 
operate at average currents as high as 
1.25 amperes at 40,000 volts and one 
ampere at higher voltages. In limiter 
service, a rating as high as 20 amperes 
at 75,000 volts applies. These ratings 
make the tube particularly suitable for 
use in radar as a charging diode to 
supply d-c power to magnetrons or as 
a limiter to restrict fault currents.

DEVELOPMENTS IN 
NICKEL AND NICKEL ALLOYS 
AND THEIR APPLICATIONS

Called “major advance in camera tube design

INCONEL “X” ALLOY CHOSEN FOR SPRINGS
IN SUPER-SENSITIVE TV CAMERA TUBE

SCHENECTADY, N. Y. - A super
sensitive television camera tube incor
porating three leaf springs of Inconel 
“X”* nickel-chromium alloy to hold 
the target mesh assembly has been de
veloped by General Electric Company. 
Use of the new tube will widen the 
scope of black-and-white TV and will 
also permit color televising of night 
baseball and other evening outdoor 
events.

Inconel “X” alloy was selected for 
the spring material because of the 
unique combination of properties it 
offers. It retains outstanding spring 
properties, for example, when tube 
temperatures rise as high as 375°(i 
during the bake-out cycle. It is clean 
and easily degassed, displays high re
sistance to oxidation and corrosion. In 
addition, Inconel “X” alloy has a low 
creep rate, good relaxation resistance, 
and is non-magnetic. (Spring Temper

Nickel alloys prevent warpage and leaking in VHF tetrode
Proper selection of materials enabled 
G.E. engineers to eliminate both warp
age and leakage in their four-electrode 
transmitting tube (GL-6251). This 
water-and-forced-air-cooled tube is 
used as a power amplifier or oscillator 
in grounded-grid circuits with both 
grids maintained at radio-frequency 
ground potential.

When the tube is functioning, the 
temperature at the edge of the grid 
cones is as high as 850°C, while the 
other portions of the cones remain 
much cooler. Use of Electronic Grade 
“A” Nickel for these grid cones pro
vided a material with adequate me
chanical strength, combined with good, 
deep drawing qualities, to facilitate 
the manufacture of these parts.

During developmental stages of this 
tube, G.E. found that there was leak
age at the joints of the water jacket.

This problem was solved 
easy-to-weld Monel* 
nickel-copper alloy for the 
jacket.

High operating effi
ciency is attributable to 
the close spacing of the 
electrodes, ring-seal con
struction, and the low-loss 
factor resulting from sil
ver-plated external parts 
and a ceramic insulator. 
The ring-seal design also 
permits quick plug-in in
stallation. "Inco trademark

by using

Inconel “X” alloy wire is used for 
temperatures up to 370°C. No. 1 Tem
per wire can be used in the range be
tween 370 and 540°C, and Solution 
Treated wire between 540 and 650°C.)

The new image orthicon, type GL- 
7629, is interchangeable with standard 
camera tubes. It can produce pictures 
of usable black-and-white quality at 
one foot candle of scene illumination 
or less, compared with ten foot candles 
required by black-and-white image or
thicons.

Low-cost changeover
J. F. McAllister, general manager of 
the company’s power tube department, 
calls the new tube “a major advance in 
camera tube design.” He says it offers 
color TV much of the programming 
flexibility of its black-and-white coun
terpart.

Color-equipped stations, he points 
out, will be able to reduce operating 
costs sharply. He also says that many 
of the nation’s regular TV studios can 
be converted to color without signifi
cant additional investment.

Reliable cathode material
According to J. S. Fitzsimmons, proc
ess control engineer in GE’s camera 
tube department, “220” Nickel was 
selected for the cathode because they 
wanted a passive material that was 
non-contaminating. The copper, iron, 
manganese, and magnesium content is 
closely controlled and held at low levels.
Pertinent Literature: Electronic grades of 
Nickel and Nickel alloys — with their uses 
—are fully described in our booklet, Nickel 
Alloys for Electronic Uses. Write us for a 
copy.
HUNTINGTON ALLOY PRODUCTS DIVISION 

The International Nickel Company, Inc.

Huntington 17, West Virginia

ordinary algebraic factoring, and to rewrite it 
thus:

(ABCDabcd 4- ABCDabcd 4- ABCDabcd 2) 
4- ABCDabcd) (EFef +EFef) = 1

Further factoring simplifies it to:
[CD (ABab 4- ABab)cd 4- AB(CDcd 4- 3) 
CDcd)ab] (EFef+ EFef) = 1

With no more possibilities of simplification . p- 
parent, the fifth step is undertaken. This is cc n- 
version of the simplified equation into a circ lit 
diagram. (It could be converted into a “Logic 
Diagram if Static State switching were to ne 
used. But, because relays are to be used, it will 
be converted into a diagram with symbols lor 
relay contacts.

The following rules apply to the conversion 
process:
(a) A letter without a bar represents a normally 

open contact (closed when the signal is ON).
(b) A letter with a bar represents a normally 

closed contact (opened when the signal 
is ON.)

(c) Letters, or goups of letters, connected by the 
“And” sign represent contacts in series.

(d) Letters, or groups of letters connected by 
the “Or sign represent parallel circuits.

(e) Contacts in series give the same result re
gardless of the sequence in which they are 
written.

(f) Two or more like-acting contacts on the same 
relay can be replaced by a single contact of 
the same action.

(g) A contact in parallel with an open contact 
can perform the same function if the open 
contact is omitted.

(h) Each of the signals (represented by the let
ters assigned in Table I) must be considered 
as operating a separate relay.

The diagram is constructed, as shown in Fig. 
1, by merely replacing the albegraic symbols of 
Eq. 3 with diagramatic symbols for relay con
tacts (as required by rules a, b. c, d).

Each contact is associated with the relay de
noted by the letter assigned to its signal (as re-

Fig. 
relay 
of c<

CO (*•«*♦*•*>

Jr jr

41

JO tAM>*A8*> M ♦ *8 (CM+Ç0JO (EM +W>

ÇpAB«b-------------7

AB(COm + ÇDçO

Fig. 1. The hardware equivalent of the mathematical 
solution. Each symbol represents a relay contact. 
The letter denoting the contact denotes what relay it 
is on. Letters with bars represent normally closed con
tacts letters without bars, normally open contacts
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Fig. 2. How to convert the symbol for two parallel, 
opposite-acting contacts on the same relay into the 
actual relay configuration.

-Il -JK - (AB) (AB+AB)

(AB)
' I ---—(AB)

ijr—-<ab)

11—(AB)
A2

HF—(AB) (AB) 
(AB)

Id) (•)

Fig. 3. How to deal with parallel paths through two 
relays. Part (b) indicates how a careless arrangement 
of connections can give an undesirable output.
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quired by rule h). The separate contacts of each 
relay are identified by subscripts—even numbers 
for normally open contacts, and odd numbers 
for normally closed contacts.

If the relays used have four terminals per 
double-throw pole, Fig. 1 is a complete solution 
to the problem. However, if the relays used had 
only three terminals per double-throw pole, the 
symbols of Fig. 1 would have to be replaced by 
proper symbols for this type of relay. In the in
terest of minimizing the number of poles, it also 
may be desirable to revise the sequence of some 
contacts.

This is the sixth and last step, and considerable 
care must be exercised to avoid pitfalls that 
could ruin an otherwise perfect solution. Figs. 2, 
3, 4, show how the symbols of Fig. 1 may be con
verted and rearranged.

All parts of Fig. 2 give the same results, but 
the position of the outputs are inverted in (b), 
giving rise to the possibility of errors when com
bining this relay with other relays in the circuit. 
Two poles, instead of only one, are used in (c) 
and (d).

Fig. 3 (b) illustrates an erroneous arrangement 
of connections that might result from careless
ness. It would be correct only if the parallel 
paths were intended to merge after traversing 
the two relays. Fig 3(c) will work, but, like 2(b), 
it inverts the output positions. It also uses one 
more relay pole than might be desirable.

Fig. 3(d) is like 3(a), except the sequence of 
< ontacts in the top half of the diagram has been 
’eversed (rule e). Fig. 3(e), constructed from 
i(d), is a correct arrangement, and it also mini- 
nizes the number of relay poles used. ■ ■

} ,
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INHERENT STABILITY
Assured in a DALOHM WW or HW Resistor

Salt — a preservative in some instances and a 
gnawing destroyer in others — has no effect at 
all on the inherent stability that is standard in 
Dalohm resistors.
Stored on the shelf for months... or placed 
under continuous load ... operating in severe 
environmental, shock, vibration and humidity

WIRE WOUND • BOBBIN TYPE • ENCAPSULATED
DALOHM TYPE WW & HW RESISTORS
High resistance value, wire wound resistors 
designed for non-inductive requirements de
manding the closest tolerances. Encapsulated 
in carefully compounded material, selected for 
matching coefficient of expansion to that of wire.
Configurations: WWA—axial leads; WWP— 
parallel leads; WWR—radial leads; WWL—lug 
style terminals; WW-RB—military style with 
lug terminals; HW—high temperature applica
tions.

TYPICAL DERATING CURVE

_ too 
I«

I 50

'S 25 

* oL 
25

• Rated at 0.1 watt to 2 watts, with a wide 
selection of sizes

• Resistance range from 0.1 ohm to 6 meg
ohms, depending on type

• Tolerance ± 0.05%, ± 0.1%, ± 0.25%, 
± 0.5%, ± 1%, ± 3%

• Temperature coefficient 20 P.P.M. per 
degree C.

• Operating temperature range from 
— 55° C. to -I- 125° C. for WW Type and 

— 55° C. to + 145° C. for HW Type

• Smallest in size, ranging from 5/64 ' x 
5/16" to x 2’/,”

• Surpass MIL-R-93B, characteristics A and C 

and MIL-R-9444 (USAF).

WW >HW

75 »25 175 225 275
AMBIENT TEMP DEG CENTIGRADE

Write for Bulletin R-26, with handy cross-reference file card.

conditions ... Dalohm precision resistors retain 
their stability because it has been “firmly in
fixed” by Dalohm design and methods of 
manufacture.
For all applications demanding resistors that 
meet or surpass MIL specifications, you can 
depend on Dalohm.

SPECIAL PROBLEMS?
You can depend on DALOHM, too, for 
help in solving any special problem in the 
realm of development, engineering, design 
and production. Chances are you can 
find the answer in our standard line of 
precision resistors (wire wound, metal 
film and deposited carbon); trimmer 
potentiometers; resistor networks; collet
fitting knobs; and hysteresis motors. If 
not, just outline your specific situation.

from DALOHM 
Better things in 

smaller packages 
DALE PRODUCTS, INC. 
1328 28th Ave., Columbus, Nebr.
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of h and T parametersProvides direct conversion
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New York 36, N.Y.

Making a Parameter Converter

Considerable reduction of time and effort in 
parameter conversion can be accomplished by 
constructing and using a “Transistor Circuit Cal
culator” with the scales reproduced here. This

James R. McDermott

Electronic Consultant 
McDermott Associates 
New York, N. Y.

Fire
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hib (Ohmsl 

hie (Ohms)

hob (xl0‘6Mhos) 

hrb (xlO 4 ) 

Tb (Ohms)

Make Your Own Transistor Parameter Converter

O
NE BASIC problem in transistor selection 
lies in non-standardization of transistor 

parameters appearing on manufacturers’ speci
fications. For example, a mixture of both “h” and 
“T” parameters frequently appears on the same 
transistor specification. Also, a large percentage of

For those engineers 
too busy convert
ing parameters to 
construct their own 
calculator, it may 
be obtained for 
$1.00 from McDer-

Fig. 1. Assembly details for the 
transistor parameter converter.

parameters are specified in terms of grounded- 
base circuits, while applications are almost 
exclusively in terms of grounded-emitter circuits. 
Result is, that even in making preliminary esti
mates, tedious conversion of parameters is almost 
always necessary.

TRANSISTOR CIRCUIT CALCULATOR

10M 8M 6M 5M 4M 3M 2M 1 5M Im 800K 600K 400K 300K 200K 150K 100K 80K 60K 40K 30K 20K 15K 10K

1 15 2 3 4 5 6 8 1 1.5 2 3 4 5 6 8 10 15 20 30 40 50 60 80 l(

r4 11 hIwiIhhIiiiiIhuIhä

IK 800 600 500 400 300 200 150 100 80 60 50 40 30 20 15 10 8 6 5 4 3 2 1.5

hoe xlO'6 Mhos)
CUT OUT

r I HTH T ninTTITITIT l I ITHTIHUl T T I I T T f T I TIT III I 1 IHIimiII 11 11 HTTTIITIIl 11 I I I I I I I 111 TTI I I Il ITITITI TT T IT T 1111111 TUFI I TT I THTT l_

h.b xlO 6Mhos)

10 15 20 30 40 50 60 80 100 150 200 300 400 500 600 800 IK 1 5K 2K 3K 4K 5K 6K 8K 10K

I0K 8K 6K 5K 4K 3K 2K I 5K IK 800 600 500 400 300 200 150 100 80 60 50 40 30 20 15 10

400 500 600 800 IK

handy slide rule speeds conversion of any one 
“h” or “T ’ parameter to another. It can easily be 
assembled by cutting out the scales, and pas ing 
them onto cardboard in accord with the follov ing 
directions.

First, obtain three pieces of thin, tough card
board, approximately 8 by 10 in. Suitable mate
rials are manila file folders or thin bristol board. 
One piece is for the A or top scale, the second is 
for the B or sliding scale, while the third serves 
as backing to hold the sliding scale against the 
front, as shown in Fig. 1.
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Scale Equations
The slide rule scales shown in the drawing 

below are based on the following equations, 
which provide close approximations:

I — a
(»rounded-collector parameters can easily be 

obtained from the following relations: hic = hie; 
hrc — 1 hni hf( = |S -|- 1; hoc ~ hoc- ■ ■

noe 
h

hre — (/ 
h/b = a 
hfc = 3
3 = -

80 10050 60
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Next, center the A scale on one of the card- 
bo irds, and paste it in this position. Rubber 
cement is recommended. With a sharp razor 
blade or Exacto knife, trim along the outside 
guide? lines, and then cut out the areas indicated, 
including those portions of the scales lying 
within. The A scale is now prepared.

Paste the B scale in the center of the second 
piece of cardboard. Lay the A scale over this 
and adjust until the scales are properly lined up 
in the windows previously cut. Hold in this posi
tion, and carefully mark the outline of the A 
scale on the B scale cardboard.

On the B scale, draw horizontal lines 1/2-in. 
from the top and bottom of the A scale outline, 
as indicated by Trim and Save in Fig. 1. Trim 
the top and bottom of B Rush with the top and 
bottom of the A scale outline. Trim the left and 
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right edges of the sliding portion of B 1/2-in. be
yond A on both sides. Trim the top and bottom 
guides flush with A as shown in Fig. 1.

Set the A scale in the center of the remaining 
piece of cardboard, draw an outline, and trim 
the backing piece to the same size as A.

Place the moving B slide in the center of the 
backing cardboard, and glue the top and bottom 
guides in place. Make sure the slide moves 
snugly between them. Finally, apply glue to the 
guides and press the scale down on them. Adjust 
the A scale until it lines up with the B. Trim 
rough edges.
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Henry Littlejohn 
General Radio Co.
West Concord, Mass.
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Henry Littlejohn, who heads General Radio Co.’s standards de
partment, often commiserates with the engineer who is losing his 
eyesight trying to read scales. In this article, he offers rules for 
selecting the number of subdivisions in a scale length, and for 
choosing the length of lines. The rules were determined with the 
limits of human eyesight in mind.

G
RADUATED scales are meant for humans.
This obvious fact has not deterred designers 

from occasionally producing scales that were al
most impossible to read. Although accuracy is 
the prime requirement of a scale, readability is 
easily the second most important consideration. 
Without readability, accuracy is unusable.

Personal preferences for various graduated 
scales stem from aesthetic evaluations, traditional 
concepts, and habits formed by using such scales, 
it is possible, however, to reduce the design of 
all scales to a few basic principles, whose applica
tion will result in maximum readability for a 
given length of scale. The satisfactory use of many 
thousands of precision scales, designed according 
to these principles, is testimony to the soundness 
of these rules.

Graduated scales are linear or nonlinear. The 
design criteria are the same whether the scales 
are straight or curved as long as the radius of a 
curved scale is not small compared to the length 
of division lines. Two problems are involved in 
designing a scale: (1) selecting the optimum num
ber of subdivisions for a particular scale interval, 
(2) choosing line lengths that make subdivision 
lines readily distinguishable.

Too Many Subdivisions 
Spoil The Scale

Scales often can be improved by having fewer 
rather than more subdivisions. The number of 
subdivisions depends on the line width, which 
determines the minimum distance between cen

82

ters of adjacent lines. This distance should not 
be less than four times the line width; otherwise 
the scale is difficult to read.

When, for example, the distance between line 
centers is three times the line width, the space 
between lines is twice the line width, and the 
scale looks like a series of bars one and two units 
wide.

A distance between adjacent line centers of 
more than seven times the line width can be 
subdivided profitably once more, unless nonlinear 
scales are used or special circumstances prevail, 
in all cases, the line width should be as fine as 
possible, but should not be less than 0.005 in., 
which is a practical minimum for the naked eye.

The* most widely used linear scales are scales 
of inches and centimeters. With these units the 
question is not how many subdivisions to use per 
unit, but how to select a line width no more than 
1/4 the subdivision required.

(This selection has been made correctly by man
ufacturers of meh and centimeter scales. Consid
erable improvement, however, can be made in the 
scales of many reputable manufacturers if the 
criteria set forth later, on choice of line lengths, 
is followed. Examples of scales that need im
provement are those recommended by the Amer
ican Standard Association in “American Standard 
Scales for use with Decimal-Inch Dimensioning 
Z75, 1-1955.”)

Consider a linear, decimally divided scale 
where the unit is of arbitrary length, and the ob
jective is to divide the unit most effectively. It is 
apparent that the only practical subdivisions are 
1/10, 2/10, and 5 10. Fig. 1 shows scales of pro
gressively shorter units subdivided, as suggested 
above, so the minimum interval between line 
centers is four times the line width; the maximum 

interval is seven times the line width. In Fig. 2 
the same scales have been subdivided more fre
quently. Consider the ease of seeing that the indi
cator is at 1.36 on the top scale of Fig. 1 and then 
on the top scale of Fig. 2.

Nonlinear scales can be of a wide variety, but 
one frequently encountered is logarithmic. Assum
ing the only practical decimal scale subdivisions 
are 1/10, 2/10, and 5/10 it follows that three is 
the maximum feasible number of changes in sub
division per decade.

Dividing the decade into three equal sections 
puts the subdivision changes at intervals of 101 5. 
Approximately, then, these subdivisions are at 2, 
5, and 10. Using the previously established cri
terion of a minimum, center-to-center, line spac
ing of four times the line width, and changing 
spacing at 2, 5, and 10, results in the example 
of Fig. 3.

In each case, the subdivisions are chosen so 
that as the point of maximum crowding is reached 
—just before 2, 5, and 10—the spacing between 
line centers is no less than four times the line 
width. The same scales subdivided twice as fre
quently are shown in Fig. 4. Comparing the indi
cated value of 4.96 in Fig. 3 with that in Fig. 4 
makes the better readability of Fig. 3 obvious.

Don't Associate Line Length
With Particular Unit or Fraction

Choosing line lengths is more complicated than 
selecting the length of a subdivision. A mistake 
frequently made is to associate a length with a 
unit and other lengths with particular fractions 
of the unit. However, the user of a scale does not 
generally associate a line length with a particular 
unit or fraction, but simply tries to distinguish 
one line from another.
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Fig. 6. Arbitrarily as-

one-fiftieths.

ability.

Is Four Times Its Width
as the* interval between their centers. Thus the

between 1.4 and 15

Rules for Scale Design
(1) Minimize the length of lines; make 

the shortest length about four times the 
line width.

(2) Minimize the number off different line 
lengths.

(3) Make the longer of two lines that 
must be distinguished at least as long as 
the interval between the centers of these 
lines.

(4) Make the distance between adjacent 
line centers no less than four times and no 
more than seven times the line width.

Fig. 2 The scales of Fig. 1 sub
divided further. Too many subdivi
sions reduce scale readability and, 
hence, utility

Fig. 2 
e fre- 
j indi- 
1 then

étions 
lO1^ 
at 2, 

d cri- 
spac- 

nging 
irnple

en so 
iched 
ween 
‘ line 
s fre- 
indi-

?ig- 4 
IUS.

than 
stake 
ith a 
‘tions 
s not 
cular 
^uish

Fig. 3. Logarithmic scales of arbitrary units divided
according ro rules for maximum readability.

Fig. 1. Linear scales of arbitrary 
units divided according to rules for 
maximum readability.

Excessive subdivision of scales reduces readability.

Fig. 5. Greatest readability results when a particular 
unit or fraction of unit is not associated with any 
particular length of line. Thus, the length that denotes
one-tenth between 1 and is 
tenth between 4 and 5.

signing line lengths to
particular units can re
cuce readability of lin-
ear scales, such as this
drafting scale. This is
most clearly pronounced
on the edge divided into

The practice of using particular lengths for
particular fractions is especially poor for non
linear scales, as the scale in Fig. 5 indicates. In
this scale, 1 20, 1/10. 2/10, 5/10, and unit di
visions have respectively longer lines. The 1 10
lines, for example, are good between 1 and 2,
but not between 4 and 5.

The practice1 of arbitrarily assigning line lengths
to particular units can also result in poor linear
scales. This is shown in the typical drafting scale
shown in Fig. 6; apparently poor readability is
th result of standardizing line lengths at 1 4,
3 16, 5/32, and 1. 8 in. This is not too bad on
th » edge divided into 1 16ths, but it makes read-
oi t very difficult on the edge divided into l/50ths.

Lines are easily distinguished if:
1) The length of the lines is minimized
2) the longer of two lines that must be dis-
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Fig. 4. The scales of Fig. 3 subdivided twice as often.

of lines on linear scale
of Fiq. 6 improves read

Fig. 8. Shortening length

tinguished is at least as long as the interval 1.95. 4.9, and 9.8) no more than four times the
between their centers

(3) the number of line lengths is minimized.
line width. The lengths are further minimized
by using rule <2>—the longer of two lines which

A Line Is a Line When Length

The1 shorter the lines, the easier it is for the
observer to shift his eye from the edge of the
scale to the ends of the lines, and differentiate
among the lengths. There is a minimum length
that a line can have, however, and still look
like a line; this is about four times the width.

Re-doing the logarithmic and drafting scales
of Figs. 5 am! 6 in accordance with these rules
results in the scales of Figs. 7 and 8.

Examine first the logarithmic scale. The length
of lines is minimized first according to rule (1) b\
making the length of the shortest line (that is, for

must be distinguished must be at least as long

length ol the second-from-shortest length of line
is dictated by the interval between 1.05 and 1.1,
and the longest line is dictated by the interval

Using rule (3), the same length is used for
0.05 s, 0.1s, and 0.2 s; another length is used for

1.4, 1.6, 1.8, 1.9, 2.5, 3.5, 4.5, 6, 7,
8, 9; and the lines for 1, 1.5. 2, 3, 4. 5, and 10 are
the same length.

Fig. 8 shows the drafting scale oi Fig. 6 after
it is treated according to these rules. Most users
find the scales of Figs. 7 and 8 better than those
ol Figs. 5 and 6. ■ ■



Direct Writing Recorder Operates
Over a 100% Wider Bandwidth

THE OPTIMUM SOLUTION

duced

direct-wiring

TECHNOLOGY INSTRUMENT CORPORATION

CIRLCE 69 ON READER-SERVICE CARD

539 Main Street 
Acton, Massachusetts

Frequ
Fig 2u 
for opi

unitized 
package

The Tracemaster 8-channel 
recording system.

A SOLUTION:
Provide an electro magnetic 
clutch, spring return 
mechanism and rotary 
potentiometer. Assemble 
these parts into the required 
package with the resultant 
difficulties brought about by 
the mounting and coupling 
problems with a consequent 
increase in cost.

TIC UNITIZED PACKAGE HAS MANY APPLICATIONS,
SUCH AS: Auto pilots, altitude controllers, machine controllers, 
measurement and control problems, speed control, process 

control of temperature and flow, differential measurement, 
expanded scale servos, or any other problem requiring an 

output, commencing at some specified servo position determined 
by an external command signal.

thin, uniformly clear line

GENERAL 
INFORMATION:
Shaft Position Transducers 
can be linear or nonlinear 
potentiometers, synchros, 
linear transformers or 
digitizers. Spring return 
mechanism can be supplied 
designed to return to any 
■desired point. A built-in slip 
clutch can also be furnished 
if the input torque can 
exceed the rating of the 
clutch.

hich cannot fade and is reproducible
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transducer to the desired null, yet requires low driving torque.
I IC’s unitized assembly replaces three (3) individual components 

with their inherent assembly difficulties.

Uses The Direct-Carbon-Transfer Method
The direct-carbon-transfer method of 

writing used produces a thin, black line 
that does not fade and can be repro-

Subsidiaries : Technology Instrument Corp, of Calif 
North Hollywood, Calif.
Acton Laboratories, Inc., Acton, Mass

'Technology Instrument Corpo- ahE 
ration’s west coast engineering 
facilities developed and offer 
a unitized package consist
ingot an ele< im-m.tgnrtic 

< lull h. spring ret in n 

mechanism and rotary 

potentiometer as one _ 
compact assembly. T he 
clutch will transmit 
high torque without 
slippage and has negli
gible angular engagement
error. TIC’s unique spring return mech 
anism will accurately return the output

Eight Independent Channels
The system contains eight independ

ent recording channels which may be 
set up to accept any one of a number of 
signals. The user can select the charac
teristics desired for each channel by ap
pi y ing an appropriate combination of the 
following plug-in modules:

impedance varies from 2.500 ohms, when 
the carrier amplifier is used, to 100 K for 
the de amplifier and 1 megohm for the 
de differential amplifier. The amplifiers 
are transistorized and self-calibrating by 
integral, pre-aged mercury cells and a 
precision divider network.

Tin1 frequency response of the channels 
is de to 110 cps ±1 per cent, de to 140 
cps ±3 db with all amplifier modules. 
Maximum sensitivity is: with the de am
plifier, 100 mv per cm; with the de dif
ferential amplifier, 1 mv per cm; with 
the carrier amplifier, 10 uv per cm. Input

| HE TRACE-MASTER recording 
system offers fidelity of reproduction 

over a bandwidth up to 100 per cent 
wider than has heretofore been practi
cable in direct-writing recording. The 
“band-amplitude” product, a perform
ance figure of merit, is claimed to be 
“six times higher than was previously 
attainable” by company spokesmen. For 
square-wave monitoring a selection of 
optimum phase or frequency response 
may be made. The carbon trace pro-

—* To Provide an output Potentiometer-Transdu< 
which can be readily engaged with a minimum

* B angular error to a servomechanisms gear (rain when energized
by an external command signal. The transducer must 

accurately return to a specified null position when the command signal is removed

Match
Master 
Input 
Couplers

Gain
Master 
Signal 
Amplifiers

Drive
Master 
Driver 
Amplifiers

de stram gage

0 to 1 v zéro 
suppression

direct

de

de differential

carrier

standard 

high impedance

ugh impedance
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Trademark Exclusive IRC Moisture-proof Coating

Leading supplier to manufacturers of electronic equipment

CIRCLE 70 ON READER-SERVICE CARD

^OPTIMUM 
FREQUENCY

SQUARE-WAVE 
RESPONSE

OPTIMUM 
PHASE

Write for Bulletin AE-15, International Resistance 
Cu., 401 N. Broad St., Philadelphia 8, Pa.

Recommended Applications: Computer, amplifier 
metering, and voltage divider circuits.

Frequency and amplitude response are shown in 
Fig 2a, while Fig 2b depicts the square-wave response 
for optimum frequency and optimum phase monitoring
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vhen 
C for

cent years.
The system is installed

hod

1 of

mounting rack cabinet, and requires in
put power of 115 v ac, 60 cps, 15 amp. 
Chart rolls are available in various 
widths in 1,000 ft lengths.

For further information on this direct
writing recorder turn to the Reader
Service Card and circle 250.

Under Development Two Years
Manufactured by the Instrument Divi

sion of the American Optical Co., Buf
falo 15, N.Y., this system has been under 
development for two years, according to 
\ ice President W. K. Hannan. He adds, 
“we have no doubt that the Trace-Master 
System is the most significant advance 
in direct-writing recording design in re

Moisture Resistant—Resistors with M Coat with
stand 30 cycles of moisture, 300% of the MIL-R- 
10509C Characteristic B requirement, tested in 
accordance with MIL Standard 202. No other 
RN20X style film resistor on the market matches 
this performance.
Damage Resistant—M Coat adds greater protection 
for the resistance element, eliminates handling and 
assembly damage.
Superior Insulation—over 100 megohms after 30 
cycles of moisture.
M Coat is currently available in the watt size of 
IRC Precision Film Deposited Carbon Resistors, a 
type already noted for superior temperature char
acteristics, close tolerances, accuracy, and stability 
at high frequencies.
Rating: watt at 70°C Ambient
Standard tolerance: ± 1 %
Range: 10 ohms to 2.49 megohms
Max. continuous working voltage: 350

<C 2Ö1 ’ 90 IOO IIO 120 >30 140

FREQUENCY—CYCLES PER SECOND

duced by all conventional processes. It 
will clearly trace a faithful representa
tion of minute variations in the phenom
enon being recorded. The stylus may be 
driven at speeds up to 70 mph without 
discernible distortion or impairment of 
the trace. Recording speeds are select
able from 0.1 to 500 mm per sec. The 
chart speed can be changed, by pushbut
ton selection, in 0.2 sec, eliminating lag 
in chart speed stabilization. The stylus 
does not touch and therefore cannot dis
tort or tear the chart paper. As it traces, 
the stylus is imperceptibly \ibrated lat
erally 400 times per second to eliminate 
friction and static error. Changes in tem
perature and humidity do not affect the 
quality' of the trace.
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CIRCLE 71 ON READER-SERVICE CARD

Western Union FAX • TWX: Burlington, Mass., 942 • BRowning 2-3000

vice president of Electro In

The Model 150 is small enough to fit sni jly 
in the palm of a man s hand.

Davenport, 
struments 
mounted

J Excellent form-factor and operating versatility 
make these rugged magnetrons ideal for many small
package applications including CW or pulsed radar 
beacons, test equipment oscillators, airoome navigation, 
proximity detection, sure ilia nee, and transponder type 
operations.

Light, dependable, and with proven capabilities, these 
tubes operate at 500 to 600 peak volts and 150 ma 
peak pulsed current, permitting low-cost modulator 
components for all applications. They give a nominal 
power output of 1 watt CW and 15 watts peak.

Engineering programs in progress at Microwave 
Associates are directed towards development of this tube 
as a voltage-tunable magnetron within the same form
factor. Your inquiries are welcomed on these and other 
magnetrons.

A copy of our new 72 page Magnetron Catalog is 
available upon written request on your company 
letterhead

ponents are mounted on
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components are 
cards while an

verted to the required higher potentials 
by a 5-kc converter. This includes the 
100-v deflection supply and the 600-\ 
acceleration potential. The response of 
the vertical amplifiers is from de to 1.5 
me, independent of the sensitivity set
ting. Input impedance is one megohm. 
The sensitivity is calibrated in seven 
steps to 0.1 v per division. Sweep range 
is in 5 calibrated steps to 1 psec per divi-

etched circuit board accepts and inter 
connects all the plug-ins.

Response Is From De To 1.5 Me
In the vertical deflection amplifiers, 

cascaded, transistorized circuitry pro
vides the necessary high voltage and fre
quency deflection potentials. The sweep 
is generated by a gated, constant cur
rent generator with a variable charging 
capacitor. Battery voltage in the model 
150, the one-inch display size, is con-

T HESE POR TABLE, transistorized os- 
■ cilloscopes are small enough, and light 

enough, to hold in the palm of one hand 
while they are being used. Though they 
operate primarily on internal, recharge
able batteries, ac power or low-voltage 
de can be used while the batteries are 
being recharged. Despite the small size 
of the unit, the display presentation is 
equivalent to those of laboratory instru
ments according to spokesman Joseph

Nickel Cadmium Batteries
The nickel cadmium batteries used are 

rechargeable through the use of an ac
cessory power pack which will be avail
able shortly. This power pack also con
tains the circuitry necessary to power the 
scope from ac or de sources while the 
batteries are being recharged. The os
cilloscope can be used therefore, while 
charging process is taking place. For ease 
of maintenance and assembly all com-

sion, and is triggered from a ph 
minus slope with variable am 
control.

Transistorized 
Oscilloscope



NOW AVAILABLE

CBS MADT HIGH SPEED
SWITCHING

•ODEL

LABS
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Cary Chapman & Co
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31 Johnson Ave., T Vlbot 4-2450Sal«« Office«: LoweU, Mass., 900 Chelmsford St., GLenview 2-8961 • Newark

ntials 
s the 
6(NM

MADT transistors offer you greater speed, efficiency, and 
performance per dollar than competitive high-speed de
vices in low-current switching circuits. They combine the 
advantages of the latest electrochemical, diffusion and 
micro-alloy techniques automated in mass production. 
Special CBS features include: cadmium junctions for in
creased dissipation ratings ... hermetically sealed TO-1 
package . . . over-all quality exceeding MIL-T-19500A. 
Check the 2N501 and 2N501A characteristics and their 
many advantages in the high-speed, efficient binary 
counter shown. Call or write for data and delivery in
formation.
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Melrose Park, III., 1990 X Mannheim Rd 
., 600 Trusco Way, S.W., PLaza 4-4506EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RXymond 3-9081 • Atlanta, Gi 

Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 • Toronto, Ont.

The Oscilloscope consists of 11 parts, the case, guide 
rails, mother board, 5 circuit cards, plug-in front and 
rear panel assemblies.

Canadian General Electric Co., Ltd., LEnnox 4-6311

2x3 in. in size. An etched circuit board, 
called a “mother board’ by EI engineers, 
accepts all the plug-in cards and inter
connects all components, thus eliminat
ing the need for a considerable amount 
of wiring.

ease 
om- 
ards

The Scope For Design and Service 
Engineers

Representatives of the manufacturer, 
the El Laboratory Div. of Electro In
struments Inc., 1165 Morena Blvd., San 
Diego, Calif., describe the new line as 
providing the ideal oscilloscope where 
an accessibility or space problem exists. 
They compare the two-pound weight, 
and the 2-3/4 x 3-1 4 x 5-1/2 in. dimen
sions of their product with those of con
ventional oscilloscopes. Past experience 
indicates the conservative, transistorized 
circuitry used in the design will provide 
many times the reliability of conven
tional scopes and the improved perform
ance and reliability, coupled with com
plete portability make these instruments 
ideal for both design and service engi
neers, they add. The model 150 is avail
able with 90-day delivery at a cost of less 
than $500.

For further information on this transis
torized, portable oscilloscope turn to the 
Reader-Sendee Card and circle 251.

*Micro Alloy Diffused-base Transistor, trade-mark Philco Corp.

CBS ELECTRONICS, Semiconductor Operations, Lowell, Mass. • A Division of Columbia broadcasting System, Inc.

ohm. 
even 
ange
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semiconductors
.More Reliable Product# 

Through Advanced Engineering

All TRANSISTORS

CBS 2N501

NEW HIGH SPEED BASE-GATED BINARY COUNTER uses CBS MADT 
2N501 transistors to at hieve an input counting rate of 70 
me. The saturating transistor pat> minimizes both turn-on 
and turn off delay. Flip-flop transition is completed in less 
than 16 mp sec.

ADVANTAGES OFFERED BY 2N501 and 2N501A
1. Base resistance r/, 50% lower
2. Collector capacitance C 40% lower, more 

uniform
3 Lower hole storage delay time
4. Current gain more easily traded for speed
5. Saturation resistance 50% lower, more 

stable
6. Saturation voltage 50% lower, cooler 

operation
7. In-circuit device dissipation 66% lower
8. Higher temperature stability, efficient up to 

65°C
9. Larger leads, more rugged and firmly 

attached
0. Adaptable to simple saturated circuits 

lower current, voltage, power requirements
1. More high-speed, power-saving performance

Characteristics 2N501 2N5O1A

Max. junction temperature, °C 85 100
Max. collector-base voltage, v -15 -15
Max dissipation, mw 25# 60+
Max. collectar current, ma -50 -50
Min. hFE (Vce = —0 5v, lc= —50 ma) 20 20
Max. Vce sat. (Ic= —10 ma, lB= 1 ma), v 0.2 0.2
Max. Vbe “on" vultage, v 0.50 0.45
Typical gain-bandwidth product, me 90 90

#At45°C +At25°C



TO 6000 WATTS AND 3000 MCS.

6000 WATTS

600 WATTS 5 WATTS

Wirewound Trimming Potentiometers
For Printed-Circuit Applications

CIRCLE 73 ON READER-SERVICE CARD

M. C. JONES ELECTRONICS CO., INC.

Tumn 
to ass

Cut-away shows simple construction of minia
ture trimming pot. Total outside diameter, includ
ing flanges, is 0 345 in Pot is said to be one 
quarter the volume of conventional trimming 
units. Rotor screw is at top.
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185 N. MAIN STREET, BRISTOL, CONN. 
SUBSIDIARY OF

f 1 1 r RF Load Resistors provide the virtually
reflectionless terminations needed for accurate RF power 
measurement. They serve many useful purposes as non
radiating RF power absorbers, particularly in lieu of antenna 
systems during the measurement and alignment phase of 
transmitter operation.

Other useful functions are in conjunction with feed-through 
wattmeters to form excellent absorption-type wattmeters, 
and as a load for side-band elimination filters or high power 
directional couplers. B

UILT in TO-9 transistor cases, a new 
line of wirewound trimming poten
tiometers is designed to be used in 

printed circuits. About a quarter the vol
ume of conventional trimming pots, the 
new trimmers measure 1/3-in. in diame
ter, weigh 1 g; and are useful for missile 
and airborne equipment.

Manufactured by Spectrol Electronics 
Corp., 1704 South Del Mar Ave., San 
Gabriel, Calif., the model 80 one-turn 
pots have standard resistances ranging 
in seven values from 50 ohms to 10 K, 
with ±1.0 per cent linearity. According 
to chief engineer W arren Hulbert, the 
model 80 offers better resolution and re
settability than conventional miniature 
trimmers, because its resistance element 
is almost twice as long—about 750 mils, 
Compared to around 400 mils.

The pots are sealed by silicone O-rings 
as in the cut-away drawing, to keep out 
moisture and to help secure the rotor

elements. Units will meet military 10- 
day humidity cycling and immersion in 
hot water tests, as well as 96-hr salt spray 
tests. They are rated at 50 g shock and 
30 g to 2 kc vibration.

Power rating is 1 w at 70 C. Load life 
is 1000 hr.

Unusual, Simple Rotor
The1 rotor mechanism consists of a 

bored Teflon post, with a precious metal 
spring contact inserted at right angles 
through the Teflon, slightly off axis. The 
rotor is seated on the center terminal 
(simply the extension of the center lead 
wire through the resin header), and forms 
the contact to the shape of the 26-mil- 
diam bore. This locks the contact to the 
rotor post, preventing its shaking loose 
during vibration.

'Teflon,” said Mr. Hulbert, ‘was used 
instead of nylon, because of nylon’s in
stability at high temperatures.” At the

RF LOAD RESISTORS 
COVER THE RANGE:

Many other special models have been designed and manu
factured to meet your particular space and input connection 
requirements.

For mor* information on RF Loads, Directional Couplers, Tuners, and RF Wattmeters, write;

SPECIFICATIONS RF LOAD RESISTORS

MODEL NO. FREQUENCY RANGE 
(me»)

RF POWER 
DISSIPATION 

(want)
RF CONNECTORS

601 0-3000 5 N. C or BNC
603 0-3000 20 N, C or 8NC
633 0-3000 50 N. C or HN
634 0-3000 150 N. C or HN
635 0-3000 200 N C or HN
636 0-3000 600 N C or HN
638 0-2000 6000 3’4” flange
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pot’s 150 C maximum rating (derated to 
zero at 150 C) nylon would work; but 
Spectrol hopes to upgrade the trimmer 
line to 175 or 200 C, where nylon gets 
brittle, shrinks and crumbles. “We may 
pack the metal case—which is a fair heat 
sink—with silicone grease as a further 
heat sink, to get up to higher tempera
tures,” said Hulbert.

‘Another reason for using Teflon,” he 
pointed out, “is the necessity for making 
a center bore 26 mils in diameter and 
150 mils deep; more difficult with nylon.” 
The resistance wire is wound on a 35-to- 
45-mil core, which in turn, is formed to 
a 260-mil outside diameter.

Price of the model 80 is $6.00 each for 
one to nine units. They are immediately 
available at distributors and Spectrol 
representatives.

For further information on this tran
sistor-size trimming pot, turn to the 
Reader-Service Card and circle 252.

Tiimming Pot in TO-9 transistor case is simple, easy 
tc assemble, designed for transistor circuit boards.

Project’’Echo”—using a passive, 100-foot diameter, inflated sphere 
orbiting the earth to reflect signals—is investigating the feasibility of 
reliable and efficient long-range microwave communication. Radio and 
voice signals were bounced off the sphere between California and the 
East Coast. This followed earlier successful “moon-bounce” signalling 
between the same locations using the same transmitter.

Varian was contracted by the Jet Propulsion Laboratory (J PL)* to develop the unique klystron 
amplifier system built right into the 85-foot diameter parabolic transmitter antenna. To assure 
maximum success in “echo transmission/ the system was designed around the proved and reli
able Varian VA-800 C Klystron, to provide lOkw output at the desired 2390 megacycle frequency.
*Jet Propulsion Laboratory, a research and development facility of the NASA

Representatives thruout the world

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 

NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS. POWER AMPLIFIERS. GRAPHIC RECORDERS. RESEARCH AND DEVELOPMENT SERVICES

CIRCLE 74 ON READER-SERVICE CARD
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Equalizer Extends Transducer Range

FEATURES 
ERECTOR SE 
SIMPLICITY 
WITH . . .

EMCOR 
STANDARD 
CABINETS

The ultimate in packaging flexibility is available to help reduce costly 
design time and custom housing modification. The photographs above 
graphically illustrate the ERECTOR SET SIMPLICITY in assembly attained 
through the use of EMCOR Standard Cabinets. Speed of assembly is 
only one advantage attained with EMCOR Enclosures. Choose from over 
600 basic frames plus thousands of components and associated equip
ment of the EMCOR MODULAR ENCLOSURE SYSTEM. Discover for 
yourself, the compatibility which can be attained by using any combina
tion of frames and components, the lasting and aesthetic beauty of 
cabinet design and appearance plus the proven structural capabilities 
of the EMCOR Fine Line of Quality. Contact your local EMCOR Sales 
Engineering Representative or write for full details today.

F
LAT FREQUENCY range of trans
ducers can be extended three or four 
times by the Tranqualizer [sic], an in

strument designed for on-line compensa
tion of transducing systems with pre
viously determined parameters. The 
Tranqualizer compensates for the trans
ducer’s resonance characteristics.

According to Del Kahan, director of 
operations for Data Instruments Div. of 
Telecomputing Corp., 12838 Saticoy’ St., 
North Hollywood, Calif., the company 
that markets the device, transducer in
puts—or components of inputs—with fre
quencies higher than 15 or 20 per cent of 
a transducer’s natural frequency are am
plified and delayed to varying degrees.

Sine wave inputs above the flat fre
quency response region undergo a 
change of amplitude and phase; almost 
any inputs of a non-sinusoidal or tran
sient nature are distorted and may bear 
little resemblance to the original.

Confronted with distorted data in the 
past, the engineer has had to resign him
self to using it or to correct the data dur
ing data reduction by involved and 
lengthy mathematical analysis. With the 
Tranqualizer, the extension of the trans
ducer’s flat range is often enough to 
obviate the need for mathematical 
treatment.

X

Add

Originators of the Modular Enclosure System

Indersoll products division
' BORG-WARNER CORPORATION

630 Congdon Avenue Dept. 1221 Elgin, Illinois

CIRCLE 75 ON READER-SERVICE CARD 
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Condensed Version 
of Catalog 106 
Available Upon 
Request.

Principal use of the Tranqualiz r is 
for on-line compensation of a two-de ree- 
of-freedom system—pressure transducers, 
for example—with previously determined 
resonant frequencies and damping fac
tors. The operator sets the inertia and 
damping controls, hi-lo range and ^ain 
controls for each channel; and a true pic
ture of the input function to the trans
ducer appears at the Tranqualizer out
put.

Used in reverse, the transducing sys
tem is excited by a known waveform 
like a square wave, and the Tranqualizer 
controls are adjusted for best compen
sation. The required parameters may be 
read directly from the dials.

Device is Computer
Essentially an analog computer, the 

Tranqualizer works by inserting a trans
fer function in the line that is the re
ciprocal of the transducer’s transfer func
tion. “If Hx(s) and H2(s) are the transfer 
functions of the transducer and the 
Tranqualizer respectively, s being the 
Laplace variable,” Del Kahan explains, 
“then Hi times H2 is equal to one. This 
provides a flat-frequency response up to 
the frequency—or close to, in practice 
—at which the transducer’s amplification 
ratio drops to zero.”

The linear differential equation AiXi -

A2 
is 
Tli 
ur; 
ter 
(lit 
tra 
du

aX+$X+X’^

By bucking the signal 
caused by a transducer’s 
resonance characteristics, 
the Tranquilizer eliminates 
amplitude and phase dis
tortion from the signal.

a
^ADJUST____

DIFFERENTIATING/ DIFFERENTIATING,7
AMPLIFIER GAIN ADJ. CIRCUIT / CIRCUIT

IN—| CF

Block diagram shows differentiating circuits, mixing action of the transdua 
equalizing unit. Input signal is differentiated with respect to both transducer resoi 
ances, answers are added with the original signal.

the 
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i
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Effect of a Tranqual
izer in the line. Upper 
trace is a pulse driving 
function; middle is the 
output of a transducer 
showing ringing; bottom 
(barely visible as pulse 
and white line at bottom 
edge of illustration) is 
the equalized Tranqual- 
izer output. Sweep speed 
was 10 usee per cm.
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A shock function be
comes clearly legible 
with the addition of the 
transducer equalizer de
vice. Amplitude and 
sweep rates are equal. 
Tranqualizer output had 
inertia setting of 94.9 
and damping set full 
counter clockwise. Shock 
tube chamber pressure 
was 350 psig, ring fre
quency 78.6 kc, damping 
coefficient 0 008. Normal 
output above—Tranqual
izer output below.

A2x2 4- B^ 4~ B2x. 4- Xt 4- = DF(t) 
is electronically solved by the device. 
This equation describes physical config
urations representative of physical sys
tems like condenser microphones, double
diaphragm, condenser-type pressure 
transducers or thrust measuring trans-

F(t) is the quantity to be recorded. 
Output of the transducer is X, where X 
is either xt or (xr 4 x2), depending on 
the type of transducer. The Tranqualizer 
operates on X such that the analog of 
F(t) is recorded, by:
■ Differentiating X twice with respect 
to one of the system’s resonant frequen
cies, forming Axd2xxdt2 and B^dx^/dt, 
■ Doing the same with respect to the 
other resonant frequency to get 
A2d2x2/dt2 and B2dx2/dt, and
■ Mixing these four quantities with 
the original signal to form the expression 
on the left side of the above equation.

Weighing about 71 lb and occupying 
18 in. of standard 19-in. rack space in
cluding power supplies, the Tranqualizer 
s capable of compensating resonant 
modes up to 100 kc, and can be used 
vith any system where the input infor- 
nation is in voltage form—analogs of 
nechanical, acoustic, electrical or other 
ystems having one or two resonances.

For further information on this trans- 
lucer equalizing device, turn to the 
Reader-Service Card and circle 253.

Vickers Crain-Oriented SELENIUM RECTIFIERS
The unique characteristics of these rectifiers provide efficiency and economy 

unmatched by conventional rectifiers.

In Vickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 
size, and without danger of overloading; cost per watt of output is lower.

This 48-page bulletin gives you the complete story.

Send for Bulletin EPD 3116-1, Letterhead requests only, please

VICKERS INCORPORATED
DIVISION OF SPERRY RAND CORPORATION

ELECTRIC PRODUCTS DIVISION
18 0 3

Sa/es 
Engineering 

Offices

LOCUST STREET • SAINT LOUIS

ST. LOUIS—CEntral 1-5830
DETROIT—KE nwood 4-8070
WASHINGTON, 0. C.-Executive 3-2650

CHICAGO—JUniper 8-2125 
NEW YORK-LEnnox 9-1515

3, MISSOURI

CLEVELAND—EDiton 3 1355
LOS ANGELES—OAvenport 6-8550

BOSTON (Representative)—CEdar 5-6815

1960 ELECTRONIC DESIGN • September 14, 1960 91
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NEW PRODUCTS
Covering all new products generally specified by en
gineers designing electronic original equipment. 
Use the Reader’s Service Card for more information 
on any product. Merely circle number corresponding 
to that appearing at the top of each description.

The relay at the right is modularly constructed. 
It is a sold-state device said to have a life span 
of millions of cycles. Designated model SR- 
101-1A, the unit is designed for high-reliability 
requirements in space and air vehicles, for com
puters, automation, data processing and propor
tionate control systems. The modular Tayer cake” 
construction permit rapid modification of special
purpose-designs. Operating voltage is 30 v de at 
60 ma max. Contacts are rated for 1 amp at 28 v. 
Operating time is about psec. Unit weighs 10 oz.

Leach Corp., Controls Div., Dept. ED, 5915 
Avalon Blvd., Los Angeles 3, Calif.
Price ¿r Availability: $225; delivery 6 to 8 weeks.

lAYTHEOH

The decade counters above are capable of 
counting 100,000 units in 1 sec. The electron-tube 
devices indicate the count on ten glowing cath
odes in luminescent dials. The count can be con
verted to electrical pulses. Applications are in 
automatic machine programing and control and 
in high speed processes such as coil and trans
former winding. Types CK6909 and CK6910, 
shown at the right, operate at up to 100 kc; types 
CK6802 and CK6476, left, operate at up to 4 kc.

Raytheon Co., Industrial Components Div., 
Dept. ED, 55 Chapel St, Newton, Mass.
Price & Availability: CK-6802 and CK-6909, 
$11.43; CK-6476 and CK-6910, $13. 37; delivery 
is immediate in sample quantities.

Solid-State Relay 
Utilizes Modular Construction

444

Decade Counters Display 
100,000 Units Per Sec

447

M■■■MMH

Gallium-Arsenide Mixer Diode 446 
For K-Band Operation

Specified for 24,000-mc operation as a first 
detector, this gallium-arsenide diode, type 1N- 
3096R, is said to have a greater mobility value 
than did previous models, allowing a consider
able increase in sensitivity. The device operates 
at higher temperatures than germanium or silicon 
components, and has an over-all noise figure of 
10.5 db. The coaxial package housing is identical 
to that of existing silicon K-band diodes.

Philco Corp., Dept. ED, Lansdale, Pa.
Price b- Availability: Single units, $75; matched 
pairs (type 1N3096B.M), $187.50, are available 
within three weeks.
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Creative Microwave Technology/WWW

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS.. Vol. 2. No. 3

448

Ired oersteds have

DISTRIBUTION TRAILER ANTENNA

IPMENT I

The case in point concerns the applica

obtain detailed application informationYou can

Waterloo

A LEADER IN CREATIVE MICROWAVE TECHNOLOGY
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itched 
i Hable

and special development services by contacting 
Microwave and Power Tube Division, Raytheon Co.

tics include:
Frequency Range .... 
Peak Power Output. . . 
Average Power Output

'L" Band 
1.3 Mw

1,630 W

a first 
»e 1N- 
value 

isider- 
lerates 
silicon 
ure of 
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A large measure of the reliable operation 
and outstanding life of the QK-358 was 
achieved through special attention given 
to its unique characteristics in the over
all design of the radar transmitter.

these excep- 
been clocked 
radiating at

merous other cases in which 
tional Raytheon tubes have 
in excess of 10,000 hours, 
peak power.

Life testing of Raytheon tubes, such as the QK-358 
magnetron, for six weeks or more serves as a quality 
check of their performance characteristics as 
recorded and plotted against time.

leorly 100% Shielded

Magnetic fields of several him

Excellence in Electronics

RAYTHEON 1,000,000-WATT MAGNETRON 
LOGS OVER 13,000 HOURS IN MOBILE RADAR

AN/FPS-8 high-power search system by General 
Electric, used primarily in aircraft control and 
early-warning operation. The complete mobile 
version (AN/MPS-11A) shown here, can be airlifted 
or carried on nine trucks and two trailers.

For your information, the QK-358 is a me
chanically tunable pulsed-type oscilla
tor with an integral magnet and is designed 
for coupling to a standard 3" x 6" wave
guide. Typical operating characteris-

Ontario. In Europe: Zurich, Switzerland

This is the first reported history of a 
Raytheon QK-358 magnetron substantiated 
with an exhibit. Still, there are nu-

Waltham 54, Mass. In Canada

I Complementary Silicon 445 
[Controlled Rectifiers

Providing both positive and nega
tive operation in controlled rectifier 
[circuits, these complementary sili- 
I on controlled rectifiers are avail- 
■ able in npnp as well as pnpn styles. 
I The npnp types utilize negative 
hate current triggering. Designated 
I models HCR-30N through IICR- 
200N (npnp) and HCR-30P through 
HCR-400P (pnpn), the units are 
rated at 1 amp average-rectified- 
forward-current, and 1.4 amp de 
at 80 C. Temperature range is —65 
to 4-150 C. Five npnp units with 
voltages of 30, 50. 100, 150 and 
-00 v, and seven pnpn units with 
voltages of 30, 50, 100, 150, 200, 

! 300 and 400 v are available.

1 (offman Electronics Corp., Semi
cor ductor Div., Dept. ED, 3761 S. 
Hi’l St., Los Angeles 7, Calif.
Prize ¿r Availability: $5.60 to $60, 
depending on voltage; delivery is 
im mediate in sample quantities.

I TRANSMITTER TRAILER | g [ OPERATIONS TRAILER | f POWER

tion of a QK-358 magnetron in an AN/FPS-8 
radar, for which the General Electric Com
pany is the prime contractor. When the 
tube was replaced after 13,000 hours of 
service for "preventative maintenance" 
reasons, it was returned to Raytheon where 
the tube was found to be operating within 
specifications. Findings showed it to be 
highly stable and still capable of radiat
ing more than one megawatt of power.

■effect on the performance1 of these 
Jhielded coaxial line isolators. The 
(devices have no external permanent 
Inagnets. Models D44C7. D44S7 
End D44L7, for C, S, and L-band 

■operations respectively, operate 
lover 10% bandwidths, provide more 
■than 15-db isolation and have an 
Insertion loss of less than 1 db. The 
limits measure 3/4 in. in diameter, 
■4-1/4 to 6-5/8 in. long, and can be 
(designed for operation from uhf to 
[X-band frequencies. Potential ap- 
Iplications include missile and air- 
Lraft equipment, telemetry, radar 
and communications systems.

Sperry Microwave Electronics 
Co., Dept. ED, Clearwater, Fla. 
Price ¿r Availability: C and S-band 
knits are $225; L-band unit is $235; 
delivery is 30 to 60 days.
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TODAY, MORE THAN EVER, THE DAVEN STANDS FOR DEPENDABILITY
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Top reliability in miniature size...
Daven wira wound resistors

IB 1273 À 1274 A
l^B ’Lollypop’ Up to 100 K C^B

Up to 400 K ▼

SHOWN ACTUAL SIZE

These resistors meet and exceed all requirements,
except physical size, of MIL-R-93-B, and MIL-R-9444.

1250
Up to 900 K

For printed circuit boards, miniature plug-in packages ... 
any tight place in which you must have a really small wire 
wound resistor, check Daven for the Super Davohm Minia
tures that can solve your problem. For example ...

NEW PRODUCTS
Neon Lamps 556

Life is to 5,000 hr

Types SLT2-32-1, RT2-32-1A, 
RLT2-27-1 and RLT2-27-1A !eon 
lamps are for use as switches, volt
age regulators, and indicators. 7olt- 
ages are 55 to 80 v de; currents, 
6 to 20 ma. Life is up to 5,00) hr. 
Some types contain a radioactive 
additive for reduced dark starting 
effect.

Signalite, Inc., Dept. ED, 37-41 
Neptune Highway, Neptune, NJ. 
Price ir Availability: Price ranges 
from $0.10 to $0.25 ea in quantities 
to 100. Samples can be delivered 
immediately. Production quantities 
can be delivered in two or three 
weeks.

Motor-Driven Switch 554
Has voltage-sensing element

For satellites, deep space probes, 
or extended space flights, this mo- 
tor-driven switch has a voltage
sensing element. It stands 40 g of 
vibration from 5 to 2,000 cps. Volt
age drop across typical contacts is 
less than 10 mv at 22 amp. No 
power is required to hold the switch 
open or closed. Up to 21 circuits can 
be contained in less than 14 cu in.

Kinetics Corp., Dept. ED, 410 S. 
Cedros Ave., Solana Beach, Calif. 
Availability: Built to customer 
specs, units can be delivered in 45 
days.

The overall stability of Daven Miniature Resistors is 
possible because of an entirely new approach to subminia
ture production techniques. A unique spool design permits 
low-stress winding of fine resistance wire ... obtaining 2 
to 3 times the resistance value previously supplied on a 
miniature bobbin. This is done under the most stringent 
quality control and inspection.

The industry’s widest range of sizes, temperature co
efficients, and tolerances is available for your requirements. 
Write today for further information and a complete resistor 
catalog.

Data Processing 570 
System

Capable of 45,000 floating-point 
operations per sec

The G-20 data processing system 
is capable of 45,000 floating point 
operations per sec. Control buffers 
are used in the central processor of 
the system. Operator duties consist 
of loading and unloading paper 
tape, punched cards, and printing 
paper. Magnetic tape units read and 
write 120,000 digits per sec and 600 
to 1250 line-per-minute printers. 
The central processor measures 66 x
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Paper-Base Laminate 565
Is flame retardant

>, 37-41

for computerclad laminate

Tung-Sol tubes help Chicago aerialtacts is

keep ’copter blades on “right track

oint

TUNG-SOLCIRCLE 79 ON READER-SERVICE CARD >

60 i 28 in. Built of solid state com
ponents, the system has an expand
able, random-access magnetic-core 
memory which may consist of 1 to 
8 modules of 4096 words each.

Bendix Aviation Corp., Computer 
piv., Dept. ED. Los Angeles 45,

currents, 
¡,000 hr. 
lioa< the! 
stai ting

Chicago Aerial Industries’ automatic Electronic 
Blade Tracker brings new standards of accuracy 
to the critical job of tracking helicopter blades to 
assure that they are all rotating in the same plane, 
or track. Proper rotation means smoother flight 
characteristics, minimized vibration, reduced struc
tural stresses and lower maintenance costs. It vir
tually makes obsolete the manual flag-tracking 
method.

The Tracker uses range finding principles to 
triangulate for each successive blade height. Elec
trical signals generated by photo-cells in the 
electro-optical pick-up positioned beneath the 
rotating blades are fed to a computer analyzer. 
These signals are then converted to de voltages 
proportional to blade height, which registers on 
the front-panel meter.

Because rigid standards of reliability are man
datory for this equipment, Chicago Aerial selected 
Tung-Sol tubes to handle the vital regulation

printed circuits and military appli
cations.

National Vulcanized Fibre Co., 
Dept. ED, Wilmington, Del.
Price & Availability: Price is $0.96 
per sq ft, 1/16 in. thick. Samples 
can be furnished immediately.
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Price ¿r Availability: A typical sys
tem for scientific problems is leased 
for less than $10,000 per month.

2-3 Ma 
A aeon 
es, volt-

probes, 
iis mo-

This paper-base, phenolic lami
nate provides flame retardance and 
excellent cold-punching characteris
tics. Designated XXXPC-476, the 
base stock meets NEMZ standards 
and UL tests. Type XXXPC-476-1 
foil copper-clad laminate with 
standard adhesive bonding is for 
commercial radio and TV applica
tions. Type XXXPC-476-2 copper-

function in the conversion network. Tung-Sol 
5687 series regulator tubes minimize any variations 
in output voltage due to load current or line 
voltage changes. Both tubes maintain 150 volts 
± 1 volt insuring the most precise readings.

CAI adds still another name to the growing list 
of manufacturers who are calling upon Tung-Sol 
tubes and semiconductors to deliver top per
formance reliability. Like CAI, you can get the 
benefit of Tung-Sol component know-how, too. 
Tung-Sol makes a component for virtually every 
industrial and military requirement. Our applica
tions engineers will be glad to make an impartial 
recommendation for the component complement 
that will best satisfy your design needs. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK 193.
Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, 
N. J.; Melrose Park, UI.; Newark, N. J.; Philadelphia, Pa.; 
Seattle, Wash. Canada: Toronto, Ontario.

switch 
iits can 
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Come in 150 configurations

These test sockets come in 150 
standard configurations to accept a 
wide variety of relays, chokes, pack- 
ag“d circuits, and other hermetically 
sealed components. The sockets ac
cept headers with hook, pin, turret, 
and other types of terminals. All 
sockets have two mutually-insulated 
contacts for each terminal. Contacts 
arc beryllium copper with gold plat
ini' and have a maximum resistance 
of 0.005 ohms. The sockets are made 
of mica-filled epoxy or urethane 
rubber.

larnes Development Co., Dept. 
E ), 213 W. Baltimore Ave., Lans- 
d( wne, Pa.
P ice ¿r Availability: Delivery time 
ra iges from one to four weeks. 
P ice is $24 to $65 with quantity 
(L counts.
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NEW PRODUCTS
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address all requests to DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION
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Variable Delay Line
Continuous delays from 3 to 500 psec

A NEW DIMENSION in R F Products capability
consolidating the design and production facilities 
of Amphenol Cable and Wire, Amphenol Coaxial
Connectors, Industrial Products-Danbury Knudsen

A NEW EXPANDED FACILITY OF THE AMPHENOL-BORG ELECTRONICS CORPORATION

The new R F Products division offers all capabil
ities required to service your R F needs. R F Prod
ucts division can now promptly make available, 
from one source of supply, the following products:

Model VM-1030 Delay Line features a con
tinuous range of delays from 3 to 500 psec with 
an accuracy of ±0.5 psec. It has an optimum 
pulse input of 1 psec and can be supplied with 
an impedance range of 50 ohms to 4 K. Insertion 
loss at the end of the range is 56 db and the 
maximum number of pulses per second is 300 
kc. The unit is 4.406 in. in length with an OD of 
3.398 in. Total weight is 2 lb.

Control Electronics Co., Dept. ED, 10 Stepar 
Place, Huntington Sta., Long Island, N.Y. 
Availability: Approximately 30 days.

Synchronous Motor
Self-orienting within ±5 deg

and Amphenol Coaxial Cables 0 Coaxial Switches 
and Wave Guide Components

RF PRODUCTS 
DANBURY, CONNECTICUT Pioneer 3-9272 
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This self-orienting, synchronous motor insures 
synchronization of the rotor within ±5 deg with 
respect to the rotating stator field. No de excita
tion of the rotor is required. Motor is two phase. 
60 cps, 115 v ac; synchronizing pull-in torque is 
0.50 oz-in.; fall-out torque is 0.65 oz-in. Unit 
measures 2 in. long with a 1-3/4 in. diam and 
weighs 10 oz. Units designed for 400 cps are also 
available.

Kollsman Motor Corp., Dept. ED, Mill St. 
Dublin, Pa.
Price & Availability: Type 1497 ranges from 
$78.45 to $102; type 287C1 ranges from $130.70 
to $179. Availability is 3 to 6 mo.
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Columbia Technical Corp., Dept. ED, 
31 Ave., W oodside, N.Y.

Link Analog function generator 
offers new level of performance

Input/Output 
Accuracy: 
Resolution: 
Drift:

1440 
from

Having numerals 1/8-in. high, model 
elapsed time indicator provides readings

Power requirements
Standard:

E ECTRONIC DESIGN • September 14, 1960

± 28v ± 10% DC 
Average: 50 watts 
Maximum: 120 watts
HOv, 60 cps

Physical characteristics:
Size: 8%" x 19" x 15^2"
Weight: 50 pounds
Cabinet: Independent unit or can be mounted on a standard 

19" instrument rack.
Model TC 2R thermocouple control unit simu

lates thermocouples for voltage calibration of

ptimum 
?d with 
isertion 
md the 

is 300 
OD of

0000 to 9999 hr. Nominal input requirements is 
115 v at 400 cps, single phase. The unit meets 
the environmental requirements of MIL-E-5272. 
It weighs about 1.8 oz, has an over-all diameter 
of 0.67 in. and a height of 1-7 8 in.

Bowmar Instrument Corp., Dept. ED, 8000 
Bluffton Road, Fort Wayne. Ind.
Availability: Made on order.

Delay-line flat No. F840W is designed 
computer applications and uses an elliptical 
to obtain a relatively long delay at a high

LINK DIVISION
Binghamton, New York

pedance level. The unit has an impedance of 
3,300 ohms, a delay of 0.8 psec with a rise time 
of 0.2 psec. Pulse attenuation is 0.2 db, ripple 
ratio is less than 5%, de resistance is under 100 
ohms. The unit is 1-7/8 in. long, with a cross
section of 1/4 in. x 11/16 in.

core 
im-

± lOOv DC into 10,000 ohm 
± 1% of full scale
0.02% of full scale
Less than 0 04% during one minute
Less than 0.1% during eight hours
Better than 5 cps for output amplitude

Another example of Link fAbility 

GENERAL PRECISION, INC.
Other Divisions: GPL, Kearfott, Librascope,

channel capacity models, the units have sensi- 
ti ity adjustments in each channel. An adjustable 
' >ltage source is included for establishing a ref
e enee temperature calibration point.

Pace Engineering Co., Dept. ED, 13035 Sati- 
c y St., N. Hollywood, Calif.

Function specification:
Continuous, single valued with maximum 
output change ± lOv for an independent 
variable variation of ± Iv.
Representation accuracy: 
441 points on 21 x 21 matrix.

The Link ANALOG FUNCTION GENERATOR - another 
DIALOG building block—provides direct function 
generation from graphical data, ending the need for 
time consuming, complex data reduction and 
mathematical analysis. Its new level of outstanding 
performance for analog computation and simulation is 
made possible by a Link-developed, rectilinear 
servo motor with solid-state servo amplifiers 
and a ceramic film resistance element.
It offers you the reliability of module design with 
automatic failure protection ... the economy of 
simplified maintenance, standardized components 
and printed circuits . . . and the versatility 
of plug board programming. % „

Thermocouple Control Unit
For voltage calibration

CHARACTERISTICS
Electrical specifications:

Fixed Delay Line
For computer applications

Elapsed Time Indicator
Has 1 /8-in. characters

Write to Dept. ED. Industrial Sales Department, for specific details on the many advantages and 
applications of the Analog Function Generator and information on Dialog Systems Building Blocks.

*dialog (Link Digital-Analog Systems, Components and Building Blocks/
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Seal Out Moisture and 
Humidity with Silastic RTV
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Motor Analyzer

For “Silicones for the 
Electronic Engineer”, 

Write Dept. 3309

motor analyzer automatically checks motor re
sponse by comparing the total number of applied 
voltage steps with the actual number of motor 
mechanical steps. The analyzer consists of a 
square wave generator with provisions for vary
ing the frequency, pulse width, and amplitude of 
the output waveform; a pick-off assembly which 
detects the actual mechanical rotation of the 
stepper motor; and counter circuits to tally and 
record the stepper motor input and output 
pulses. The test fixture provides stepping rates to 
1.000 and the stepping pulse duty factor can be 
varied from 10% to 90%.

Mechatrol, Div. of Servomechanisms, Inc., 
Dept. ED. 1200 Prospect Ave., Westbury, N.Y.

Transistor Test Set
Measures to 30 amp collector current

ELECTRONIC DESIGN • September 14, 1960

Owen Laboratories, Inc., Dept. 
Place, Pasadena, Calif.
Price: $675 ea.

As a seal against humidity and salt water 
spray, Silastic RTV is used by Automatic 
Power, Inc., Houston, Texas to embed all 
tube sockets, connections, electronic com
ponents and wiring in the chassis of the 
control panel for their I)ies-L-Air Auto
matic Warning Signal. This interchange
able control panel monitors operation ol 
the entire warning signal system — includ
ing a diesel engine driving an integral air 
compressor, an air system, the control cir
cuitry and air blast horns. Used to alert 
sea traffic to the presence of off-shore drill
ing equipment, reliability requirements for 
Dies-L-Air are continuous — and most crit
ical during storms when the unit is being 
whipped by corrosive salt water spray and 
lashed by wind-driven rain. By sealing the 
control chassis with Silastic RTV, Auto
matic Power, Inc., has assured the relia- 
bilty of electronic components.

CIRCLE 800 ON READER SERVICE CARD

Major uses for Silastic RTV include potting, filling, and encapsulation of 
electronic components and assemblies. Since it is a liquid, Silastic RTV 
pours easily to form a void free, rubbery mass around components. Avail
able in several grades, Silastic R I V has set-up times ranging from several 
minutes to hours. Encapsulated parts can be handled in 24 hours, filled 
parts in even less time.

For example: Silastic' RTV. the room temperature vulcanizing Dow 
Corning silicone rubber, is highly resistant to ozone, corona, weathering 
and oxidation. Heat-stable, Silastic RTV remains operable from —60 to 
250 C; has good dielectric and physical properties.

Reliability of equipment starts with materials. Dow’ Corning Silicones 
have physical and electrical properties that mean extra reliability for elec
tronic components, assemblies, systems.

Power transistor measurements to 30 amp col
lector current and 300-v breakdown test poten
tials are possible with the Type 300 precision 
power transistor test set. Direct meter readings 
of large signal current gain, HI I: and collector 
characteristics, Imo, Irin, BVcec, and BVcbo, 
can be made under conditions typical of their 
actual applications.

For digital stepper 
motors
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Specify Silicones

CIRCLE 801 ON READER SERVICE CARD

433

Laminates Give Extra Strength

Silicone-glass laminates, made with Dow Corning resins, 
have dielectric properties at high temperatures that are 
superior to those of other laminate materials. They resist 
ozone, arcing, corona, fungus — even the combination of 
high humidity and high voltage. Mechanical strength is 
good — permitting thin, rigid coil bobbin walls; more 
winding space and better resistance to winding pressure. 
These are the reasons why Foster Transformer Company, 
Cincinnati, Ohio, specifies coil bobbins of silicone-glass 
laminates for transformers they manufacture for airborne 
guidance control systems. The one-piece coil bobbins, like 
those shown, are used in continuous operation at 250 C 
. . . tested for 1000 hours at 400 C.

Improve Transistor, Diode Performance

Used in mounting diodes to heat-sink or to chassis, Dow 
Corning Compound forms an excellent heat-sink seal . . . 
is easy to apply and never dries out. Its good thermal 
conductivity improves the heat transfer between diode- 
and-washer, washer-and-chassis.
Dow Corning silicone compounds don’t melt, lose their 
grease-like consistency or dielectric properties from —70 
to 200 C. Dow Corning silicone compounds have been 
found ideal for potting transistors. They cushion junctions 
against shock and vibration . . . improve heat dissipation 
because of their good thermal conductivity. Transistor 
junctions are not contaminated by Dow Corning’s tran
sistor potting compound . . . rejects from metal splatter 
are reduced when welding on transistor caps.

It water 
itomatic 
ibed all 
ic com- 

of the 
r Auto
change- 
tion of 
includ

erai air 
rol cir- 
to alert 
re drill- 
?nts for 
jst crit- 
5 being 
ay and 
ing the

Auto- 
; relia-
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New Gel for ’’See Through** Protection

Poured as a liquid, transparent Dow Corning Dielectric 
Gel fills all voids, then sets up to form a heat-stable gel. 
Dielectric strength is excellent; stress on components 
almost nil. Potted components and circuitry remain clearly 
visible . . . can be checked by eye. Probes can be inserted 
for instrument checks . .. the gel re-seals itself when probes 
are removed. Individual components can be replaced. 
Dielectric Gel enabled CBS Laboratories to meet stringent 
reliability requirements on its Photoscan power supplies. 
Despite high temperatures, high voltages, and high vibra
tion levels in this remarkably small unit, Dielectric Gel 
prevents arcing. Components are spaced less than 
ap;rt, yet output voltages run from 1,000 to 25,000 volts!

CIRCLE 803 ON READER SERVICE CARD
RD

19

960
99

CORPORATION midland, Michigan

branches: ATLANTA boston chicaoo CLCVCLANO

CIRCLE 800, 801, 802, 803 ON READER-SERVICE CARD
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Magnetic Tape Head
For 1-in. tape

Model DTH 2132 digital magnetic-tape head 
is a 32-track interlaced unit for 1-in. tape. The 
gap length of the head is 10 pin., allowing its use 
at high-bit densities. The unit is shown mounted 
on type TG tape slot guide. A precision unit, 
the tape guide virtually eliminates tape skew 
and scrape-flutter.

Shepherd Industries, Inc., Dept. ED, 103 Park 
Ave., Nutley, N.J.

Feedback Control System
Laboratory type

Called laboratory for servomechanisms, this 
equipment includes a master panel, a rack, a me
chanical breadboard, and a controls analyzer for 
demonstration or development work. Necessary 
components are provided to perform all linear as 
well as many non-linear feedback-control ex
periments.

Superior Manufacturing & Instrument Corp., 
Dept. ED, 154-01 Barclay Ave., Flushing 55, N.Y.

505DC Power Supplies
Have 0.01 % line and load regulation

The series 60 power supplies, providing a vari
able output of 0 to 60 v de at 0 to 2.5 and 0 to 
5 amp, have a line and load regulation of 0.01%. 
Ripple is less than 1 mv rms. The 2.5-amp unit 
is programable over the entire voltage range and 
the 5-amp unit is programable over any 36-v 
range.

Trygon Electronics Inc., Dept. ED, 111 Pleas
ant Ave., Roosevelt, L.I., N.Y.
Price 6- Availability: $695 to $845; 4 weeks.



NEW PRODUCTS

Microminiature

Phase Shifter

on

Price Availability: $210; from 
stock.

The TRHV series of regulated, 
high-voltage de power supplies are 
all solid state. Referencing and 
regulating is done at low voltage. 
Operating temperature is —20 to 
-f-55 C. The series consists of five 
models with output voltages of 1 
kv at 5 ma to 10 kv at I ma. No 
warm-up time is required.

Del Electronics Corp., Dept. ED, 
521 Homestead Ave., Mount Ver
non, N.Y.

Type 40 dc-ac chopper is housed 
in a metal casement measuring 
5/16 x 1/2 x 5/8 in. It has a rugged, 
taut-band armature suspension and 
an armature action exerting over 
50 times more contact force than 
the firm’s earlier type 20 model. 
Units are offered with the follow
ing driving ranges: 20 to 140 cps, 
400 to 600 cps, and 1,000 to 1,500 
cps. Coil excitation voltages are 3 
to 28 v, square or sine wave. The 
unit stands environmental ex
tremes.

Rawco Instruments, Inc., Dept. 
ED, 3527 W. Rosedale, Fort Worth 
7, Tex.

Accuracy is 20 min

Model PG-5 phase generator 
produces a carrier phase shift at 
constant amplitude which corre
sponds to the rotation angle of the 
input shaft. The device is servo
mounted. Its input can be imped
ance-loaded without adverse error 
effects. Specifications include: 
phase accuracy, 20 min; range, 0 to 
360 deg, continuous; diameter, 2.5 
in.; and length, 3.25 in.

Theta Instrument Corp., Dept. 
ED, 520 Victor St., Saddle Brook,

DC Power Supplies
All solid state

DRAMATIC BREAKTHROUGH

ITT



VIBRATION AND SHOCK TESTING
THE ITT MODEL ST-100 AIR-SUSPENDED VIBRATION EXCITER

useful frequency range exceeds 50 KCno measureable distortion to 10 KC

50 force-pound rated output

• handles test samples up to 5 lbs

simple to operate-even by unskilled personnel

Dept.

Richmond Hill
< CIRCLE 82 ON READER-SERVICE CARDCheck ITT for your other test instrument requirements such as: Bar Graph Oscilloscopes...Frequency Synthesizers... 

Large Screen Oscilloscopes and Accessories...Swept Frequency Generators...High Stability Oscillators...Storascope

ACCELEROMETER OUTPUT tN 
MILLIVOLTS WITH CONSTANT 

INPUT VOLTAGE TO AMPLIFIER

■JM 

1200 

HOC

1000

for vibration and shock testing the ITT Model 
1205 offers all the features of the vibration 
console, plus shock test equipment. Both sys
tems are particularly suited to accelerometer 
calibration as is seen in the graph below.

With the ST-100, force levels at the table are 
always accurately known. Thus, unnecessary 
test failures are eliminated and the failure of 
sub-standard specimens is assured. This, com-

After 7 years of development, the ITT Model 
ST-100 Vibration Exciter is now available to 
reliably upgrade your vibration and shock test
ing results, while it cuts your testing costs.

first major resonance above 12 KC 

shock testing to over 3,000 g

For complete technical data and applications 
information, contact your ITT Instruments rep
resentative. Or write us direct for Data File 
ED-1291-l.

Semimetals, I 
18, N.Y.
133-20 91st Ave

for vibration testing the ITT Model 1201 is a 
completely self-contained console built 
around the ST-100 fifty force pound Vibration 
Exciter.

The ITT Model ST-100 is the first shaker table 
of its type designed to be used for both vibra
tion and shock testing. In either application, its 
greatly advanced design and performance fea
tures make it ideal, not only for production test
ing, but as an R & D tool as well. In addition, its 
“flat” response to 10,000 cps, with negligible 
distortion, provides an exact method of acceler
ometer calibration.

bined with a useful frequency range in excess of 
50,000 cps and the simple, one-man operation 
of the ST-100 greatly expands areas of prac
ticable testing... substantially reduces testing 
time and expense. . Resistivity Test Set 416

For semiconductor materials

This resistivity test set is de
signed for semiconductor materials. 
Control on measurements is ±2%. 
Separate heads are provided for 
germanium and silicon; others can 
be designed for special uses. A 12
in. traversing platform is provided 
for long crystals. Probes project 
1/16 in. beyond their mounting. A 
tolerance of 0.0001 in. variation in 
probe point spacing is maintained.

Crystal-Controlled 411 
Oscillators
Stabilities from ±0.1% to ±0.001 %

These crystal-controlled oscilla
tors operate from 60 cps to 10 me 
with standard stabilities from 
±0.1% to ±0.001%. Custom units 
with stabilities to ±5 parts in 101*, 
and temperature ranges from —65 
to -|-125 C are also available. Out
puts are pulse, square wave or sine 
wave, with load impedances from 
50 ohms and up. Standard units are 
plug-in or stud mounted; custom 
configurations can be supplied.

Valpey Crystal Corp., Dept. ED, 
Holliston, Mass.
Price & Availability: Price is de
pendent upon frequency and sta
bility required, with delivery 40 
days after order is received.

Control Chassis 409
For digital data

Model K-lllA control chassis is 
designed for the acquisition, stor
age, and translation of digital data. 
It features transistor buffer storage 
with relay contact closure output. 
It has a maximum capacity of six 
decimal digits or 24 binary bits. 
The output can be decimal or any 
required binary code. It is 8-3/4 
in. high, 19 in. wide, 6 in. deep and 
weighs 40 lb.

Datex Corp., Dept. ED, 1307 
S. Myrtle Ave., Monrovia, Calif.

15 J> J, 4G sr 70 100 TOC WC 400 500 ’00 1000 200« 4000 7000 10000 20000 30000

FREQUENCY IN CYCLES PtR SECOND



NEW PRODUCTS
388

Write for complete information

in Electronics

CHICAGO 
Oak Pork

Village 8-9400

PHILADELPHIA
Abington 

HAncock 4-7419

LOS ANGELES
Loi Angeloi 

HOIlywood 9-6201

WASHINGTON, D.C.
Silver Spring 

JUniper 5-1088

SAN FRANCISCO 
Loi Allot 

WHieediff 8-8233

NEW YORK, WOrth 4-2722 
District Office in Ridgefield, N J, 

WHifney 3-3140

WEST CONCORD, MASSACHUSETTS

1201-B 
Regulated Power Supply, $85
300v de, regulated to *0.25%, 
70 ma; 6.3v ac at 4a, unregulated

1203-B
Power Supply, $45
6.3v ac at 3 amp;
300v de at 50 ma.

Communication 
Wire Connector

Self-stripping, moisture-proof

The type UR communication 
wire connector is self-stripping, 
moisture-proof and pre-inSulated. 
Designed to accommodate any 2- 
or 3-wire combination of No. 19 to 
26 AWG solid or No. 20 to 26 AWG 
stranded wire, this connector han
dles all common types of insula
tion, has an average pull-out 
strength equal to 95% of wire-break
ing strength.

Minnesota Mining and Manufac
turing Co., Dept. ED, 900 Bush 
Ave., St. Paul 6, Minn.

Comparison Bridge 381
Detects deviations of 1 in 10,000

Model 544-B comparison bridge 
detects deviations as small as one 
part in 10,000. Resistance limits 
that can be measured are 3 ohms to 
5 meg; capacitance limits are 500 pf 
to 1,000 pf; inductance limits are 
3 mh to 10,000 h. The instrument 
has three meter ranges, indicating 
full-scale differences of ±1.5%, 
±7.5% and ±25%.

Metronix, Inc., Dept. ED, Ches
terland, Ohio.

Directional Coupler 382
With type N or C connector

This series of dual directional 
couplers, for broadband applica
tions, come with either type N or C 
connectors. Specifications are: cou
pling 30 db at 100 me and 12.5 db 
at 1,000 me; vswr is 1.15 max in 
the primary arm and 1.2 max in the 
secondary arm; directivity above 
coupling is 20 db min; coupling 
and directivity accuracy is ±1 db; 
nominal impedance of the unit is 
50 ohms. It withstands 500 w, cw.

Maury and Associates, Dept. 
ED, 10373 Mills Ave., Montclair, 
Calif.
Price: Type N connector model is 
$120, type C connector model is 
$130.

Oscillators O.O1 cycle to 7425 Me

Each Unit Instrument provides a basic 
electrical function in a compact, portable 
package. All frills are omitted in the 
interest of maximum performance at 
minimum price; no concessions are made 
in either electrical performance or 
reliability.

These “building-blocks” (Unit Oscil
lators are indicated on this page by a^jz)

•. . an 
mea stir 
ultra sor

1
Type Frequency Range

I Maximum
1 Output/
■Open Circuit
1 Volts

Nominal Load 
Impedance

Harmonic 
Distortion Additional Featu e$

r

1305-A 1 167 mw pe1 load of 6CI lOv, rms, n
phase into wye 

10 ft per phase; 
rax. open circuit

3-phase and 4-phase oi puts । 
phase shift measurements of sen 
mechanismsand feedback ircuits

Low-Frequency 
Oscillator 

$940
0.01 1030 cycles <2%

1210-C 
! Unit RC Oscillator

20 cycles to
0.5 Me (sine or

I 80 mw/7 v 1 40 mw/45v
500 ft
12,500 ft
2,500 ft

<1.5%
<5%

Multi-purpose lab signal lurce 
converts to Sweep Oscill tor »

$180 square waves) I 0-30 v, p p square waves Synchronous-Dial Drive.
I------------1301-A

1 Low-Distortion
E Oscillator,
■ $595

3 20-15,000 cycles 
(27 fixed frequencies)

I 18 mw/6.6 v 
1 100 mw/30 v

600 ft balanced 
or grounded 
5000 a grounded

<0.1%
Drift not greater than 0 32% > 
hour after first 10 min. — l requen 
range extends to 2 cyc es v 
1301-Pl Extension Unit ($8 ).

I 40 mw/10 vI 20 mw/5 vI 80 mw/20 v
600 ft balanced
300 ft grounded
5000 ft grounded

<0.5%
<0.5%
<1%

1302-A 
Oscillator, 

$500

o
g. 10 100,000 cycles
O’ Output Voltage Constant * 1.0 db.

J Converts to Sweep Oscillator m 
908-P Dial Drive — high stability, io 
hum. Can also be used with Grapktr ‘ 1304-B 

Beat-Frequency 
Oscillator, $680

j 20-20,000 cycles
•u 20,000-40,000 cycles J 1 w/50 v 600 ft balanced 

or grounded <1%■ □ Level Recorder.
* 1307-A Transistor 

Oscillator, $97
x 400, 1000 cycles 
’ (2 fixed frequencies)

J 6 mw/2 v 600 ft <5% Battery operated, wtih output meti 
— small and compact.

1 ® 1214-A 
Unit Oscillator, $75 400, 1000 cycles 1 200 mw/60v 8000 ft grounded 

or ungrounded <3%

r® 1214-D 
Unit Oscillator, 

$100
120 cycles

J 400 mw/60 v Matches 
inputZ of 
1611-B Bridge <3% ■ Compact fixed-frequency oscillate 

\ for bridge measurements, use
>modulators, and as general labor* ® 1214-E 

Unit Oscillator, $75
270 c

1000 c
1 300mw/28v 800 ft <3% / tory instruments. Have built- 

1 power supplies.® 1214-M 
Unit Oscillator $75, x 1 Me 

c_____________________ ,
J 300 mw/7 v 50 ft <3.5%

3 sine wave: 
20c-20 kc. <1.4% 
20 kc-12 Me, <4% 
square wave:

1300-A 
Beat-Frequency 
Video Generator

S’ sine wave: 
£20c-12 Me 
x square wave

J 10 v/30 mw
attenuator 
output: 74 ft 
direct

Sweep generator (60c sweep rate 
from 20kc-12Mc. Sweep width N 
justable from 0 to *6Mc.

$1950 £20c-2 Me output: 820 ft rise time, 0.075 
psec above 300 kc

1330-A 
Bridge Oscillator, 

$635
c 400 cycles, 1000 cycles 
□ 5kc 50Mc

0.75 w/12 v 
1 w/lOv

50 ft 
20-80 ft <3.5%

Internal 400- and 1000-cycle mol 
ulation — excellent shielding ft 
bridge work. I

r® 1211-B 
Unit Oscillator, . 

$295

*0 5-5 Me 
5-50 Me

1500 mw 
500 mw

50 ft \ Compact, inexpensive, well shields 
— frequency increments of 0.2% pe 
division.

_ — II 11 1215-B 
Unit Oscillator, 50-250 Me 100 mw 50 ft j Convert to sweep os

cillators with 907, 908 
Dial Drives, or unique

Semi-butterfly, tuned circuit with n
$210 moving contacts.

s 1208-B
1 Unit Oscillator, 

$230
65-500 Me 200 mw 50 ft 1

1750-A Sweep Drive 
— output can be regu
lated with 1263-A Am-

Very wide range, 
thorough shielding.x ___________________ plitude-Regulating 

Power Supply (1263-A 
is not recommended 
for use with 1208-B).

631
s 1209-BL

Unit Oscillator, 
J $260

j 180-600 Me 300 mw 50 ft / Similar to 1209-B r ma
1®X 1209-B

1 Unit Oscillator, 
U $260

x--------------------------------------3
250-920 Me 200 mw 50 ft 1

May be sine-wave mod
ulated with external 
source.

Butterfly circuit avoids uhf tunm 
difficulties — excellent stability.

~0h 1218-A
J Unit Oscillator, 900-2000 Me 200 mw 50 ft 1 Audio, pulse, square-wave or fre 

quency modulation from externa 
source.

1220-A 8 Klystrons available
Compact, low-cost microwave source

i®1 40 mw
Klystron tube or Klystron power supply — interna

Klystron Oscillator! 
$235 without tube 1

j to cover 2700 to 
q.7425 Me range.
□

50 ft prices range 
$49.65 to $107.15

l-kc square wave modulation; puls 
or frequency modulation from er 
ternal source.

1® " 1213-D
Time/Frequency 1
Calibrator, $310 1

9 5 Me crystal provides 
2 10 kc, 100 kc, 1-Mc, 
“■10-Mr fundamentals 

and harmonics to 
1000 Me

10-30 v, p-p 
video 
output

cath, follower 
approx. 300 ft

Generates 
harmonic 
spectrum

Compact secondary frequency stand 
ard — accurate timing source for 
scope calibration, etc. — short 
term accuracy is 2 parts in 10'.

merits Flexible, Low-Cost, Instrument "Building Blocks
permit the formation of a wide variety of 
low-cost measuring systems. All Unit 
Oscillators, with the exception of the 1214 
Series which are completely self-contained, 
operate from either of the two Unit Power 
Supplies shown at right.

For a complete description of the G-R 
“Unit” line, write for the Unit Instrument 
Bulletin.

GENERAL RADIO COMPANY ^45^
IN CANADA 

Toronto
CHorry Ó-2I7I
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1521-P10 Drive Unit ... $72
1521-P11 Link Unit ... $18
1521-P12 Link Unit (for coupling to 760-B

Analyzer) . -. . $18

Equipment Chassis 
Slide

owave souLt 
ly — internal 
dation; pulse 
ion from ei

Unit Oscillator as 
required

The system shown at right is useful for studying filters, networks, 
amplifiers, equalizers, loudspeakers, microphones, and transducers 
of all types.

The 1521-A Graphic Level Recorder plots frequency-response data 
automatically when coupled by Drive and Link Units to the 1304-B 
Beat-Frequency Audio Generator.

The Generator lends itself well to automatic recording, since its 
_ output is flat within ±0.25 db from 20c to
HpMHQ 20 kc. Its frequency range is logarithmic, 

hence logarithmic frequency-response plots 
be obtained simply by synchronizing 

? dial rotation with paper motion.

mounted with a dry-film lubricant.
Flotron Industries, Dept. ED, 

1608 Centinella Ave., Inglewood 3, 
Calif.
Price & Availability: Prices range 
from $25.90 to $44.50. They are 
available within 30 days after re
ceipt of order.

LEI. Inc., Dept. ED, 380 Oak 
St., Copiague, Long Island, N.Y.

1263-A
Amplitude-Regulating 
Power Supply, 
$305

874-VQ X
(r-f rectifier) ■

Oscillator « 
igh stability, 
ed with Gra;

•se ot puh
•ments of se 
idback tremi

output constant over wide ranges of frequency. It does this by comparing 
the rectified r-f output of the oscillator against an internal reference volt
age, and applying any necessary corrections to the oscillator through its 
plate voltage supply. With this setup, output is maintained within 2% over 
the oscillator’s entire frequency range.

Output flat within *0.25 db 
from 40c to 20 kc (*0.75 db at 
20c) and within *1 db from 
20 kc to 12 Me
10-volt output over entire fre
quency range
Built-in step attenuator pro
vides accurate low-level out
puts
Excellent frequency stability 
Low harmonic distortion; less 
than 1.5% on audio range, 
and less than 4% on video 
range
Low hum; less than 0.1% of 
output

ignal . auree 
Oscill tor *

well shiek 
ts of 0.2%

For high-power airborne systems

These cable connectors transmit 
high-power microwave energy in 
airborne electronic systems. They 
are designed in straight and right
angle configurations, have a range 
of 50 to 5,000 me and handle 1,000 
w. Connectors are designed for 
RG-119/U, RG-209/U and RG- 
2II/U coaxial cables and can be 
modified for other types. They op
erate from —54 to 4-95 C up to 
70,000 ft. Units are moisture-sealed 
in either mated or unmated condi
tions.

Thompson Ramo Wooldridge, 
Inc., Dept. ED, 23555 Euclid Ave., 
Cleveland 17, Ohio.

Sine-Wave Outputs: from 20c 
to 12 Me, and 30 Me to 42 Me 
Square-Wave Output: from 
20< to 2 Me
As Sweep Generator — may 
be centered at any frequency 
fre -n 20 kc to 12 Me or from 36 
to 42 Me and driven at any 
sweep width up to *6 Me. 
Sv eep rate is 60 cps.
Ot tput for scope horizontal 
de lection voltagesand blank- 
•ni pulses
Tv a calibrated incremental 
fr< quency dials for accurate 
Pc nt-by-point investigations 
ce itered about any frequency

Type 908-P
Synchronous Dial Drives ... $32 each
Self-re versing dial drives that readily at
tach to G-R Unit Oscillators, 1304-B and 
I33O-A Oscillators and other equipment 
with G-R Type 907 and 908 Dials—4-rpm 
model for use with graphic recorders; 
30-rpm model for use with oscilloscopes.

Type 907-R 144 and 908-R 96 Dial Drives
Similar to 908-P but provide sweep voltage pro
portional to shaft position as well, for driving j 
horizontal axes of oscilloscopes, x-y plotters and a 
other recording systems — panel knob disengages I 
motor for manual operation — 4 rpm pinion | 
speed (144°/min. for G-R 907 Dial and 96°/min. 
for 908 Dial). Model for 907 dials, $70; for 
908 dials, $67.

Mechanical Sweep Drives
adapt Manually-Operated Equipment 

to Automatic Sweep Applications

Model TMR-1419 receiver is a 
solid-state unit composed of an 
orthomode X-band mixer, a low- 
noise transistorized preamplifier 
and a transistorized main amplifier. 
It provides an over-all noise figure 
of 10 db, a gain of 95 db, and a 
nominal 9-mc passband. Less than 
1/2 w of total input power is re-

For left or right side of cabinet

This electronic equipment slide 
provides interchangeability be
tween the left to the right side of 
the cabinet. Classed a thin slide,

New Audio-Video 
eat-Frequency Generator 
r manual-tuning or sweep applications

1304-B Beat-Frequency Generator . . . $680
1554-A Sound and Vibration Analyzer... $1060
1521-A Graphic Level Recorder . . . $995

Graphic Spectrum Analysis
| The Recorder is readily coupled to the 1554-A Sound and Vibration Analyzer 

for continuous plotting of the spectrum from 25 to 250c, 250c to 2.5 kc, and 
2.5 to 25 kc. Manual resetting of controls is necessary only between ranges. (The 
recorder also couples to the superseded Type 760-B Sound-Analyzer for 
coverage from 25 to 7500c).

1300-A Beat-Frequency Video Generator ... $1950
• • an all-purpose instrument for wide-range frequency response 

mea urements, i-f testing, and investigations throughout the audio, 
ultra onic, and video ranges.

Type 1750-A Sweep Drive . . . >470

Attaches to knobs, dials or shafts for automatic 
sweeping of oscillators and other equipment. 
Sweep arc, speed, and center frequency are all 
continuously variable, even while the Sweep 
is in motion. Speed is adjustable from 
0.5 to 5 cps — a CRO sweep voltage 
proportional to shaft-angular position* 
is supplied, permitting calibration of 
CRO horizontal axis — limit switch, 
universal coupling system and many 4 
other features. •

The Type 1263-A Regulated Power * 
Supply is designed to power the Unit 
Oscillator as well as to keep the oscillator's
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For complete data on Edison Sealed Thermostats, write for Bulletin No. 3009B.

Thomas A. Edison Industries 
INSTRUMENT DIVISION

THOMAS A.

EDISON 
sealed thermostats 

feature close control, 
lasting stability

NEW PRODUCTS

Voltage Regulator 5(6

For airborne use

This 5-v regulator is designed for airborne 
telemetering transducer circuits. Voltage inputs 
are from 22 to 29 v de; regulated outputs are 
from 4.975 to 5 v. Load is 0 to 100 ma. The unit 
operates over the temperature range of —65 to 
4-185 F, weighs 5 oz, and occupies 1.5 cu in.

Vapor Heating Corp., Dept. ED, 6420 W. 
Howard St., Chicago 48, Ill.

Microwave Amplifiers 428
Fer X- and C-bands

These traveling-wave-tube amplifiers are for 
serrodyne, amplitude, or phase-modulation appli
cations. Type M2204-A operates in the range of 
7 to 12.4 kmc and type M2203-B operates from 
4 to 8 kmc. Either type provides greater than 
20-db gain and at least 10-mw power output. The 
sideband suppression at a modulation rate of 
150 kc is at least 35 db.

Microwave Electronics Corp., Dept. ED, 4061 
Transport St., Palo Alto, Calif.
Price & Availability: $1,100; two-week delivery.

Static Inverter 507

Edison Sealed Thermostats are widely used in crystal ovens, electronic ovens and 
oscillator compartments—and many other electronic components adversely affected 
by temperature variations. Capable of maintaining temperatures within 0.2°C, Edison 
sealed thermostats offer these special features:

• Slow-make, slow-break principle, insures small temperature differential.
• Protective gas atmosphere minimizes effects of contact arcing under heavy 

loads, resulting in high stability.
• Radiant energy, and conducted or convected heat is rapidly transmitted to 

the bimetal by the highly conductive gas fill.
• Long bimetal arm is highly sensitive to temperature changes and assures 

accurate control, predictable performance.

Output is 750 v at 
120 v ac

Operating from an input of 28 v de, this static 
inverter provides 750 w at 120 v ac. Weight is 
8.75 lb. The unit contains no moving parts. Effi
ciencies of 80% can be achieved.

Vapor Heating Corp., Dept. ED, 6420 W. 
Howard St., Chicago 48, Ill.
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THE BINISTOR and how it worksment
write for Bulletin No. TE-1360

TO TURN ON

CONDENSED SPECIFICATIONS TRANSITRON BINISTOR

Typical Turn off Current Gain 50 @ 15ma Collector Current

Operating Collector Current Range 50Ma to 15ma
TO TURN OFFI. critical 0.5ma @ 5ma Collector Current

COLLECTOR TO EMITTER VOLTAGE

CIRCLE 808 ON READER-SERVICE CARD

4 CIRCLE 809 ON READER-SERVICE CARD

NORMAL 
I.ONOITION

222 Summet St. 
Pleasant 7-5*26

2502 Jefferson Ave. 
BRoadway 2 3181

CSC Electronic Co 
2221 3rd Ave. 
MAin 4-4355

Leadership in 
Semiconductors

ALgonqtim 4-9000 
MASSACHUSETTS, 
Worcester

OFF-THE-SHElf DELIVERY FROM THESE 
FULLY-STOCKED TRANSITRON 
INDUSTRIAL DISTRIBUTORS IN QUANTITIES 

FROM 1-999

unru, «.leveling i* 
Radio * Electronic Parts Corp 
3235 Prospect Ave 
UTah 1-6060
OHIO, Dayt » 2 
The Stotts-Friedman Co 
108-112 1« Jefferson St 
BAIdwin 4 1111
OKLAHOMA. Tulsa 
Radm Inc.
1000 S Main St 
Gibson 7-9124 
PENNSYLVANIA, «'hiladelplila 
Radiu Electric Service Co 
of Pa., Inc.
701 Arch St 
WAInut 5 5840 
RHODE ISLAND. Provident* 
DeMambro Radio Supply Co.. Inc. 
90 Broadway 
JAckson 1-5600
TEXAS. Dallas 7 
Contact Electronics, Inc 
P.O. Box 10393 
2403 Farringto i St. 
Riverside 7-9831
TEXAS. Houston 19 
Busacker Electronic 
Equipment Co. 
P.O. Box 13204 
1216 W. Clay 
JAckson 6-46*1
UTAH, Salt Lake City 
Kimball Distributing Cd.
350 Pierpont Ave 
EMpire 3-5813

SILICON TETRODE 
BINISTOR 
CIRCUIT SYMBOL

________  WASHINGTON. Tacoma
DaMambro Radio Supply Co , Inc CIG Electronic Co

BINISTOR 
OUTPUT 
CHARACTERISTIC

DeMambro Radio Supply Co Inc WASHINGTON. Saetti« 
1095 Commonwealth Av«. - - - -— ■ —

ARIZONA. Phoenix 
Kimball Distributing Co 
1029 N. First St 
Alpine 4-2539
CALIFORNIA, Inglewood 1 
Liberty Electronics Corp 
9817 Inglewood Ave 
ORegon 8-7163
CALIFORNIA. Long Baach S 
Dean's Electronics 
2310 Long Beech Blvd 
NEvede 6-0266
CALIFORNIA. Los Angelus 44 
Bell Electronic Corp 
1323 W. Florence Ave.
Pleasant 2-7191
CALIFORNIA. Menlo Perk 
Bell Electronic Corp.
1070 O'Brien Drive 
DAvenport 3-9431 
CALIFORNIA. Palo Altn 
Liberty Electronics Corp 
2443 Ash St 
DAvenport 1 1965 
CALIFORNIA, San Diego 
Western Radio * T.V. Supply 
1415 India St.
BEImont 9 0361
CALIFORNIA. San Francisco 
Fortune Electronics Corp 
1321 Mission St.
UNderhill I 2434
CANADA, Montreal 
Atlas Wholesale Radio Inc.
4985 Buchan St 
REgent 3-7135
CANADA, Downiview Ontar, > 
Alpha Aracon Radio Co., Ltd.
555 Wilson Ave. 
MEIrose 5 6181 
COLORADO, Denver 2 
Kimball Distributing Co 
621 17th St.
AComa 2 6208
D.C., Washington
Silberne Industrial Sales Corp 
3400 Georgia Ave N W 
TUckerman 2-5000
FLORIDA. Cocoa 
Thurow Electronics, Inc 
540 St. Jr hns St.
NE 6 6331
FLORIDA. Miami
Thurow Electronics, Inc 
1800 N.W. 23rd it 
NE 5-0651
FLORIDA, Orlande 
Thurow Electronics, Inc.
625 W. Central Ave. 
CHerry 1-3695 
FLORIDA, Tampa 
Thur iw Electronics, Inc. 
121 So. Water St.
TAmpa 2-1885
GEORGIA, Atlanta 
Specialty Distributing Co Inc 
763 Juniper St.
TRinity 3-2521
HAWAII, Honolulu

The Silicon NPN Tetrode binistor is a new com
ponent and a new concept for the circuit designer!

The key parameters of this bi-stable, negative 
resistance device are determined by external cir
cuitry in contrast to existing devices. The significant 
reduction of peripheral circuitry results in outstand
ing savings in cost, space, weight and solder con
nections. For example, a typical flip-flop requires at 
least 13 components versus only 4 in an equivalent 
binistor stage. Very large current and voltage gains 
are realized in both on and off directions. Inputs 
and output are compatible in level with typical 
transistor and diode circuits. The tetrode binistor 
can operate from — 80°C to 4-200°C.

To learn more of this important new develop-
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MICHIGAN, Detroit 27 
Radio Specialties Co., Inc. 
12775 Lyndon St.
BRoadway 2-4200

MINNESOTA, St Paul I 
Gopher Electron«» Co.
370 Minnesota St 
C Apitol 4-9666 
MISSOURI, Kenia* City 
Burstein-Applebee Co. 
Ì012-1014 McGee Si 
BAItimore 1-1155
MISSOURI. SI. Louis IS 
Interstate Supply Co.
4445 Gustine SI 
FLanders 1-7585
NEW HAMPSHIRE 
Manchester
DeM.imbro Radio Supply Co., Ind. 
1308 Elm St.
NAtional 4 4006
NEW MEXICO, Albuquerquo 
Electronic Parts Co Inc
222 Truman SI NE 
AMherst 8 5862
NEW YORK, Binghamton 
Federal Electronics. Inc.
PO Box 208 
Pioneer 8 8211
NEW YORK, Buffalo 3 
Radio Equipment Corp. 
147 E. Genesee St- 
M0 1415
NEW YORK, long Island City 6 
H L Dalis, Inc.
35 35 24th St.
EMpire 11100
NEW YORK, New York 7 
Harrison Radio Corp.
225 Greenwich SI.
BArday 7-7777
NEW YORK, New York 13 
Milo Electronics Corp.
530 Canal St.
BEekman 3-2980
N. CAROLINA. Winston-Salem 
Dalton Hege. Inc.
938 Burke St. 
PArk 5 8711
N. CAROLINA, Winston-Salem 
Electronic Distributors
823 S Marshall 
PArk 4-0541
OHIO, Cincinnati 
Hughes-Peters, Inc.
1128 Sycamore St.
I) Unbar 1-7625

Operating Temperature Range with
out Temperature Compensation —65°Ctol50°C

832 S. Qum n St . P D 0.x 135 
Tel. 506 095
ILLINOIS, Chicago 44
Radio Distributing Co., Inc 
5144 West Madison St
IStebrook 9 212)
INDIANA, South Bend 24
Radio Distributing Cu Inc 
1212 High St.
Atlantic 8-4664
IOWA, Cedar Rapids
Iowa Radio Supply Co 
719 Center Point Rd , N Í
EMpir« 4 6154
KANSAS, Wichita
Radio Supply Co 
115 Laura St.
AMherst 7-5218
MARYLAND, Baltimore 11 
Kann-Eilert Electronics, Inc. 
2050 Rockrose Ave
TUxedo 9-4242
MASSACHUSETTS, Boston

wakafield, maaeachusatt«
SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE USA. 

AND EUROPE . CABLE ADDRESS TRELCO

on
introduces

on

an exciting new device for simpler, more 

reliable, more economical switching circuitry

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE • CABLE ADDRESS TRELCO
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Ref

429

ACTUAL SIZE

Ek
connector for the U. S. Army Signal Corps. This series replaces
standard BNC connectors used with RG 58 C/U cable.
The TPS series features and exclusive three-pin lock which

is now available in the quantity you need.

CIRCLE 86 ON READER-SERVICE CARD
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2.75 in.

9.6 kmc

cations.

Beech Grove, Indiana
Siate 7-5305

coaxial cable connector

discontinuity due to shock and vibration. The TPS series

standard BNC senes

tors.

497

first in the industry
NEW PRODUCTS

Microwave Filter

a complete new miniature UG series

1/3 smaller and lighter than

DAGE manufactured prototypes of a new series miniature

minimizes rocking of the mated pair and eliminates electrical

Make your connections with DAGE
Write or call for catalog and facilities brochure

DAGE

Range is 8.5 to

Type 60017, tunable, single-section filter oper
ates in the range of 8.5 to 9.6 kmc. This dual
mode unit has a 3-db bandwidth that varies from 
29 to 36 me. The insertion loss is —21 db min at 
a center frequency of 60 me. Insertion length is

Waveline, Inc., Dept. ED, Caldwell, N.J.

Epoxy Compounds
Two types offered

Meta-Gel 103 100% solids epoxy is particularly 
suited to encapsulation of mica and ceramic ca
pacitors for MIL-C-105 requirements. Meta-Gel 
151 is for heat-sensitive components such as rec
tifiers, tantalum capacitors, and precison resis

Metachem Resins Corp., Mereco Products
Div., Dept. ED, 530 Wellington Ave., Cranston
10, R.l.

Waveguide Units

M 
supi 
0.0P 
temj 
racy 
fron 
of 1 
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or r

() 
Piar 
Prie 
fror

Transmission lines and components

This line of large waveguide transmission lines 
and components meets the requirements of multi
megawatt radar systems and other high-power 
microwave applications. The firm will provide 
specialized units and fitting to customer specin-

Schütter Microwave Corp., Dept. ED, 80 E.
Montauk Highway, Lindenhurst, N.Y.
Availability: Twists, elbows, and bends arc avail-
able on a prompt delivery schedule.
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Precision Wirewound Resistor
Measures 1/8 x 1/8 in.

Type 375-P wirewound resistor is an encapsu
lated, precision unit that measures 1/8 in, long 
by 1/8 in. in diameter. Wattage rating is 0.05 w; 
resistance is 100 K; voltage is 50 v max. Tempera
ture range is —65 to -f-125 C, standard toler
ances are from 1% to 0.05%; standard temperature 
coefficient is 0.002% per deg C.

Kelvin Electric Co., Dept. ED, 5907 Noble 
Ave., Van Nuys, Calif.

Reference Power Supply 426
Accuracy is better than 0.01%

.Model 851 programed calibration reference 
supply has an absolute accuracy of better than 
0.01% for line-voltage variations or ± 10% over the 
temperature range of 40 to 125 F. Tracking accu
racy is better than 0.005%. Output voltages range 
from 0 to 10 v from a constant impedance output 
of 10 ohms. Selection of 10 programed voltages 
is by mercury contactors with panel pushbuttons 
or remote selection.

Owen Laboratories, Inc., Dept. ED, 55 Beacon 
Place, Pasadena, Calif.
Price & Availability: About $2,000; delivery is 
from stock to 60 days.

Elapsed-Time Indicator 502
Has digital readout

Type WT-3 elapsed-time indicator with digi
ti 1 readout weighs 3.75 oz, measures 1-1/16 in. 
( Dx 2-3 4 in., and operates at 360 to 440 cps 
v ith a 2.5-w maximum power input. The digital 
presentation runs to 9,999 hr and the numerals 
are 5 32 in. high. Jewel bearings are used.

W altham Precision Instrument Co., Dept. ED, 
121 Crescent St., Waltham 54, Mass.

Unmatched for
MIL-R-11 APPLICATIONS
Today’s best looking resistors are every bit 
as good as they look. Going beyond MIL- 
R-ll requirements, Coldite 70+ Resistors 
give important dividends in terms of load 
life, moisture resistance and other important 
characteristics.

Unmatched for
EASY SOLDERING

Thanks to an exclusive extra solder coating 
applied after the usual tin dipping, Coldite 
70+ Resistors solder readily by any method 
—dip or iron. Leads stay tamish-free and 
solderable even after months in storage.

CoMfe7&
fixed composition RESISTORS

GET THEM IN 24 HOURS OR LESS
from These Leading Distributors

BALTIMORE, MD.

Kann-Ellert Electronics, Inc.
BATTLE CREEK, MICH.

Electronic Supply Corp.
BINGHAMTON, N. Y.

Morris Distributing Co., Inc.
BIRMINGHAM, ALA.

MG Electrical Supply Co.
BOSTON, MASS.

Cramer Electronics, Inc.
Sager Electrical Supply

BROOKLYN, N. Y.

Electrical Equipment Corp.
CLEVELAND, OHIO 

Pioneer Electronic Supply Co.
DALLAS, TEXAS

Tekko
DAYTON, OHIO

Srepco, Inc.
DENVER, COLO.

Denver Electronics Supply Co.

GLENDALE, CALIF.

R. V. Weatherford Co.
INDIANAPOLIS, IND.

Radio Distributing Co.
KANSAS CITY, MO.

Burstein-Applebee Co.
MELBOURNE, FLA.

Electronic Supply
MIAMI, FLA.

Electronic Supply
NEW YORK, N.Y.

Electronic Center, Inc.
Harvey Radio Co.
Milo Electronics Corp.
Sun Radio & Electronics Co., Inc.

PHILADELPHIA, PA.

Almo Radio Co.
ROANOKE, VA.

Peoples Radie & TV Supply Co.
SAN DIEGO, CALIF.

Radio Parts Co.

SCRANTON, PA.

Fred P. Pursell
SEATTLE, WASH.

C & G Electronics Co.
ST. LOUIS, MO.

Interstate Supply Co.
SYRACUSE, N. Y.

Morris Electronics of Syracuse, Inc.
TACOMA, WASH.

C & G Electronics Co. 

WASHINGTON, D. C.

Electronic Industrial Sales, Inc.
WATERBURY, CONN.

Bond Radio Supply Co. Inc.
WEST PALM BEACH, FLA.

Goddard Distributors, Inc.
WICHITA, KANS.

Interstate Electronic Supply Corp.
WILBRAHAM, MASS.

Industrial Components Corp.
WINSTON-SALEM, N. C.

Dalton-Hege Radio Supply
... and G-C / STACKPOLE, TOO!—Attractively packaged by G C Electronics for service 
replacement uses, Coldite 70+ Resistors are also available through over 800 G-C distributors.

CIRCLE 87 ON READER-SERVICE CARD
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NEW PRODUCTS Powe i

quick-disconnect lampsHave

28%

Katie

25%

Price

CIRCLE 807 ON READER SERVICE CARD

Fi ilto

Designed to individual customer 
requirements, completely assembled 
pulse and RF loads are offered by 
Carborundum’s Global’ Plant. They 
utilize globar* high power, non- 
inductive resistors mounted so as

CIRCLE 804, 805, 806, 807 ON READER-SERVICE CARD

Boron nitride is a comparatively 
new insulating material having high 
electrical resistivity, high dielectric 
strength, and good mechanical prop
erties even at elevated temperatures. 
It differs from the usual ceramic 
materials in that parts can be easily

other
The u

Ele<

to present the lowest possible 
inductance.

A typical modulator load is pic
tured here. Peak pulse voltage is 
12 KV and the average power rating 
is 10 KW. The load is cooled by forced 
air at 300 CFM. A viewing resistor 
is provided so that 1/1000 of the 
pulse voltage is available at a BNC 
jack. Similar loads can be designed 
using cooling.

Loads utilizing the non-linear 
characteristics of globar varistors 
are also supplied for simulating the 
characteristics of magnetrons and 
other microwave tubes. For informa
tion, write Globar Plant, Refractories 
Division, Dept. EDL-90, The Car
borundum Co., Niagara Falls, N. Y.

CIRCLE 804 ON READER-SERVICE CARD

machined using standard machining 
techniques. No subsequent firing is 
involved. Close tolerances, high sur
face finishes and intricate shapes are 
readily produced. Advantages for 
many electronic applications will be 
apparent.

Production of machined shapes to 
customer specifications is a specialty 
of Carborundum’s Latrobe Plant. 
Tooling provides for long or short 
runs on the most economical basis. 
Savings in time due to simplicity of 
production are often considerable.

The photo shows the machining of 
a semi-conductor jig produced in 
volume for a leading electronics 
manufacturer. A technical bulletin 
giving the properties of boron nitride 
is available. Write Latrobe Plant, 
Refractories Div., Dept. EDB-90, 
Carborundum Co., Latrobe, Pa.

CIRCLE 805 ON READER SERVICE CARD
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LATEST INFORMATION ON 
KOVAR® ALLOY

Industrial Electronic Engineers. Inc., Dept. 
ED, 5528 Vineland Ave., N. Hollywood, Calif. 
Price Availability: $30.50; 30 days.

bratoi 
ment*

This rectangular transistor audio amplifier, 
measuring 1 2 x 1/4 x 1 4 in., has four stages 
and a density of 416 components per cu in. The 
dev ice has a gain of 65 db at 1 kc, an input im
pedance of 2,500 ohms, and an output of 5 mw 
without clipping. Response is to 20 kc. A 1.34 
v mercury battery serves as power supply. The 
amplifier drains 1.8 to 2.4 ma.

Centralab Div., Globe Union, Inc., Dept. El), 
900 E. Keefe Ave., Milwaukee 1, Wis.

BORON NITRIDE...new Carborundum 
material offers wide possibilities for 
MACHINED INSULATING SHAPES

vco c 
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glass e 
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traps. 
50& in<

Unit 
St., Ne

Close tolerances possible 

in ALUMINA SHAPES
Ceramics made of high purity 

alumina withstand most voltages, 
frequencies and temperatures en
countered in electronic applications. 
Both simple and highly complex 
shapes are produced in volume by 
Carborundum. Machining and grind
ing operations both before and after 
firing make it possible to manufac
ture intricate O.D. and I.D. designs 
to extremely close tolerances.

The photo shows examples of 
parts designed for a radome appli
cation. Similar shapes are produced 
for missiles, rockets and aircraft. 
Three types of alumina are available 
from Latrobe:
1. 1510 (100% alumina) special purpose 

porous body for vacuum devices. Can be 
degassed easily.

2. 1542 (96% alumina) developed primarily 
for vacuum tube envelopes. Exceptional 
strength, refractoriness and wear 
resistance.

3. 1550 (85% alumina) vitreous body with 
high mechanical strength.
For information, write Latrobe 

Plant, Refractories Div., Dept. ED Ar 
90, Carborundum Co., Latrobe, Pa.
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For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . . . count on CARBORUNDUM

Electronic Products NEWS 
by CARBORUNDUM®

Series lOoooP plug-in digital displays have a 
quick-disconnect feature for in-the-field lamp 
servicing. Lamps may be changed on the spot 
without disturbing the internal wiring of the 
equipment in which the unit is used. \\ iring may 
be potted to customer specifications. When one 
of the twelve lamps at the rear of the unit is 
lighted, it projects a corresponding digit or char
acter on the front viewing screen. The character 
displayed is 1-in. high. Dimensions of the in
dividual plug-in unit are 1-9/16 x 2-5 8 x 6-9 32

Need High-Power Packaged Loads? Here's an example: 

Custom engineered PULSE AND RF LOADS

Moc 
unkno 
range 
10:1 o 
set at 
the ut 
plier r

I
 A Kovar is the standard
J* matched-expansion
V alloy for critical glass

W to-metal sealing prob-

0 lems. Bulletin gives
4» data on composition.c t properties and applications. Write Latrobe 

Plant, Refractories Div., Dept. EDK-90, 
Carborundum Co., Latrobe. Pa.
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ED,

Ratio Bridge 431

That’s a strong statement but a very important one to 
remember in planning any type precision molding project. 
Haveg works with every known material to provide the 

most economical moldings ... with properties necessary to 

meet the most rigid specifications.

Today Haveg is literally making design dreams come true ... 

through its extensive research and development 
laboratory facilities as well as the best quality control 
laboratory within the industry.

Quality claims are made by many BUT Haveg and only 

Haveg provides the expert tool design and construction, 
equipment instrumentation, careful testing of incoming 
materials as well as many other specialized operations so 

necessary to assure highest quality precision moldings.

Haveg is justifiably proud of its unsurpassed versatility in 

facilities and engineering experience ... we will be 
happy to put them at your disposal. Why not consult us 

on your next project... you’ll find it pays to ...
keep ahead with Haveg.

Power Triode 511
Ruggedized replacement for type 811A KffP AHUM KfUH HUM

PRECISION PLASTIC MOLDINGS
Haveg offers the most complete precision plastic molding facilities, 

experience and ‘know-how’ available anywhere.”

iave a 
lamp 
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■n one 
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char- 

racter 
be in- 
5-9/32

Type 572 triode is a ruggedized, one way re
placement for the prototype 811A in most appli
cations. Ruggedized construction includes hard 
glass envelope, heavy-duty tungsten lead wires, 
a non-frangible filament and enclosed getter 
traps. The manufacturer claims the 572 has a 
50% increase in plate dissipation over the 811 A.

United Electronics Co., Dept. ED, 42 Spring 
St., Newark 4, N.J.

Dept, 
alif.

For comparing resistors

Model 240-P Kelvin ratio bridge compares an 
unknown resistor to a standard resistor. The 
range dial permits comparison in the ratio of 
10:1 or 100:1. For example, with the range dial 
set at 10, the dial reads the difference between 
the unknown and 10 times the standard. Multi
plier ratios are 0.01, 0.1, 1, 10 and 100. Accuracy 
is ±0.005% on the 1:1 range, and ±0.01% on 
other ranges with negligible power dissipation. 
The unit measures 5-1/4 x 19 x 7 in.

Electro Scientific Industries, Inc., Dept. ED, 
"524 S. W. Macadam Ave., Portland 19, Ore. 
Price ¿r Availability: $900; 60 days.

Telemetry Subcarrier Calibrator 519
Completely transistorized

(b)

(c)

W)

A Mries of crab locks molded 
from Nylon.
Electrical connectors for making 
and breaking as many as 41 
electrical circuits at one time are 
used in missile tracking equipment. 
Comparator chart In background 
enlarges connectors 10 times 
and chocks the accuracy of all 
holes and insets.
Pick-up head for stereophonic 
record player. This is a complicated 
but very small part (one third 
the width shown) in which three 
Insets are molded into the head.

lifier, 
tages 
The 

t im- 
mw 
1.34 
The

Model TCM-411 subcarrier, 11-point cali
brator provides discriminator linearity measure
ments in all 18 IRIG fm/fm channels, a source 
for multiple frequency references, and checks of 
vco deviation linearity. It is completely transis
torized and is 7 in. high. The unit has 0.01% ac
curacy and distortion components are at least 40 
db down. Dwell periods of 1/4 to 4 sec per de
vi ition may be selected.

Panoramic Radio Products, Dept. ED, 520 S. 
Fulton Ave., Mount Vernon, N.Y.

/fap witk

HAVEC
FIRST IN StyiMfrul PLASTICS 

TAUNTON DIVISION 
HAVEG INDUSTRIES, INC 

336 Weir Street • Taunton, Massachusetts

Othar Operating Blow Molding Division — Bridgeport, Connecticut • Chemical Materials Division - Wilmington, Delewere • Haveg Corporation - Wilmington. Delawei»
Reinhold Engineering A Plastics Co., Inc. — Norwalk. Californio • American Super-Temperature Wires, Inc. — Burlington. Vermont • Hemisphere Products Corporation—Rio Piedras, Puerto Rio»
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NEW PRODUCTS
Printed Circuit Connector

Has 24 contacts

Function Generator
Uses a punched-card memory

General Compute

electno

W. Pico Blvd., Los Angeles 35. Calif 
Price & Availability: $2,750; 90 days.

When JAN type diodes are required, you can be 
certain that General Instrument’s engineering 
skills and manufacturing facilities will enable us 
to deliver them at prices that reflect years of 
volume production experience.

The General Instrument line of silicon and ger-

The series 7009, Varitwin-Pin printed circuit 
connectors have 24 contacts. Wire terminations 
are twin taper pin type. Insulator is one-piece, 
glass-filled diallyl phthalate. Contact termina
tions have dual connections and accept Series 53 
taper pins. A polyethylene tab can polarize the 
unit.

Elco Corp., Dept. ED, M St. below Erie Ave., 
Philadelphia 24, Pa.

manium diodes is the most complete available to 
the industry, with the widest possible range of 
characteristics. We also make a complete line of 
medium and high power silicon rectifiers, includ
ing all JAN types. Complete information and data 
sheets are available upon request.

In model 100 diode function generator, a hole 
pattern in a punched card replaces the setting 
and adjusting of potentiometers. Functions are 
composed of 20 contiguous line segments. Slopes 
range from 0.005 to 10.16 v per v. Absolute ac
curacy is 0.1%, long-term repeatability is 0.02%, 
input impedance s 1 meg, output power is ±100 
v into 10 K, and frequency response is from de 
to 10 kc.

CIRCLE 90 ON READER-SERVICE CARD
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SILICON
DIODES

Midwest office
Western office

Semiconductor Division 
GENERAL INSTRUMENT CORPORATION

‘Reverse voltage at which a reverse current of 100 uA flows.
All ratings and characteristics are at 25° C unless otherwise noted 
Operating temperature range -80° C. to +200° C

Cod« 

No.

Mln. Fwd. DC

Cur. @ +IV

Max. Rev. DC Cur. @ Tost V. Test

Voltage

Max. Inv. 

Voltage

Min. Breakdown 

Veltage*

Avg. Fwd. DC 

Cur. (Max.)25° L 150° C.

1N457 20 mA .025 pA 5^A 60V 60V 70V 75 mA
1N458 7 mA .025 mA s MA 125 V 125 V 150V 55 mA
1N459 3 mA .025 mA 5 mA 175 V 175 V 200V 40 mA
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Static Inverter 425

*

361

GENERAL INSTRUMENT

silicon

CONDUCTOR TRANSDUCER

These fine silicon diode/rectifiers meet and 
exceed the USAF specs . . . and retain their out
standing characteristics and reliability at temper
atures of 150° C. and more. General Instrument 
also has available a new series of subminiature 
diode/rectifiers to operate at 200° C.! Complete 
technical information is available upon request.

.ORPORATiON INCLUDES F W 

RADIO RECEPTOR COMPANY

power 
diode/rectifiers

Photoconductive Cells
Rated at 60 v max

352

PIV up to 
600 V

high 
conductivity

low 
leakage

400 ma

designed to meet USAF MIL E-11143 specs
ELECTRICAL CHARACTERISTICSMAXIMUM RATINGS

JEDEC 
TYPE 
NO.

PEAK 
INV.

VOLT- 
AGE 
(V)

MAX. AVG. 
RECTIFIED 

CURRENT (mA)’

MINIMUM 
SATURA

TION 
VOLTAGE 

@ 100° C. 
(VOLTS)

MAXIMUM 
REVERSE 
CURRENT 

@ PIV(uA)

MAXIMUM 
VOLTAGE 

DROP 
@ 400 ma 

DC 
@ 25« C. 
VOLTS DC

@ 25° 
C.

@150° 
C.

@25° 
C.

@ 100° 
C.

1N645 225 400 150 275 0.2 15 1.0

IN 646 300 400 150 360 0.2 15 1.0

1N647 400 400 150 480 0.2 20 1.0

1N648 500 400 150 600 0.2 20 1.0

IN 64 9 600 400 150 720 0.2 25 1.0

* Resistive or inductive load

Semiconductor Division
GENERAL INSTRUMENT CORPORATION
65 Gouverneur Street, Newark 4, N. J
Midwest office 52-49 West Diversey Ave Chicago 39
Western office 11982 Wilshire Blvd , Los Angeles 25

CIRCLE 91 ON READER-SERVICE CARD
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The L series of photoconductive cells is rated 
at 60 v max, with a resistance as low as 40 ohms 
at 100 ft-c. It consists of five units of the cad
mium selenide variety and two of the cadmium 
sulphide variety. They are available with diam
eters from 1/4 to 1/2 in. and in lengths from 1/2 
to 1 in.

Clairex Corp., Dept. ED, 19 W. 26th St., New 
York 10, N.Y.
Price: $1.15 to $4.00 ea depending on quantity.

Supplies 28 v of single-phase output

Designed for use in commercial and military 
aircraft and missile instrumentation, the PI series 
dc-to-ac static inverters supply a 28-v, single
phase, 400-cps, square-wave output. Input is 28 v 
de. Completely transistorized, the unit occupies 
less than 11.5 cu in. and stands adverse condi
tions of temperature, altitude, vibration, and 
shock. Regulation is better than 8% from no load 
to full load. Frequency stability is ±5%.

Electrodynamic Instrument Corp., Dept. ED, 
1841 Old Spanish Trail, Houston 25, Tex.
Price ¿r Availability: $85 fob Houston; 6 to 8 
weeks.

Ten-Point Stepping Switch
For digital operation

Type 210 stepping switch, with ten points, is 
designed for digital operation. It has a maximum 
length of 4-5/16 in., weighs 1-1/2 lb, and is 
capable of over one-hundred-million operations 
on 12, 10-point levels. Units with four, 30-point 
levels are available.

C. P. Clare & Co., Dept. ED, 3101 Pratt Blvd., 
Chicago 45, Ill.
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microwave tube state-of-the-art by the engi

neers and scientists at Sperry’s Gainesville,

Florida plant. If existing hardware doesn’t

readily solve your tube application problem,

call Gainesville, FRanklin 2-0411 collect, for

full information about Sperry capabilities.

Name

Company.

Address

City.

State

CIRCLE 247 ON READER-SERVICE CARD

85 dl

Now you can have Sperry’s 
complete family of klystron 
and traveling wave tubes 
right at your fingertips for 
faster, more accurate tube 
selection. Attractively pack
aged and comprehensively in
dexed, the Sperry Speci-File 
gives you complete electronic 
and physical characteristics of 
every tube in the Sperry line.

NEW LIGHT is shed daily on

A COMPLETE LINE 
of klystron tubes is 
manufactured and mar
keted by Sperry Elec
tronic Tube Division, 
Gainesville, Fla. The 
division also performs 
extensive research and 
development toward 
advances in klystron 
state-of-the-art.

Gainesville, Florida • A Division of Sperry Rand Corporation

GAINESVILLE, FLORIDA
A Division of Sperry Rand Corporation

< CIRCLE 248 ON READER-SERVICE CARD

Section D-1O2
SPERRY 
ELECTRONIC TUBE DIVISION 
Gainesville, Fla.

Please send me a FREE Sperry 
Speci-File:
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M ixii 
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SPECIFY RAPIDLY 
AND ACCURATELY 
WITH SPERRY’S 
SPECI-FILE
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TO GET YOUR FREE
Speci-File, use this coupon:
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NEW PRODUCTS
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Model TD 100 digital tape system is capable 
of transfer rates of 300,000 characters per sec. 
Total storage is greater than 300,000,000 bits. 
Magnetic tape 1-in. wide is used. Average access 
time is 20 sec. Average loading and unloading 
times are 60 sec. Speeds to 30 in. per sec can be 
achieved. The unit can be mounted in 72 in. of 
24-in. rack space.

Shepherd Industries, Inc., Dept. ED, 103 Park 
Ave., Nutley 10, N.J.

Servo Amplifier 501
For industrial automation applications

>on:

>erry

Model 1810-0500 servo-amplifier and power
supply combination is specifically designed for 
industrial automation applications. Output power 
is 8 w when it is used with a typical servo motor. 
M iximum power of 12 w is available under the 
foilowing conditions: load impedance of 250 

ms, center-tapped, resistive; and load de re- 
si'-tance of less than 2 ohms. Continuous adjust- 
m nt over the voltage-gain range of 4,000 to 600 
is provided by negative feedback. Power gain is 

db and carrier frequency is 50 to 70 cps.
M. Ten Bosch, Inc., Dept. ED, 80 Wheeler 

A e., Pleasantville, N.Y.

E ECTRONIC DESIGN • September 14, 1960

ESC INTRODUCES
MINIATURE VARIABLE

DELAY NETWORKS

designee

SERIES 700

The Series 700 of Miniature Variable Delay Networks has
been designed and created 
demand for smaller units 
circuit mounting.

cuit mounting

ESC to meet the increasing 
uracy for printed

Pulse Attenuation — 1.0 db (max.) all units
DC Working Volts — 500 volts (max.)

MODEL NO. TIME DELAY* IMPEDANCE PULSE RISE TIME**
701 .125 usee. 1500 ohms .03 usee, (max.)
702 .25 usee. 1800 ohms .06 usee, (max.)
703 .50 usee. 1000 ohms .10 usee, (max.)
704 .75 usee. 680 ohms .15 usee, (max.)
705 1.0 usee. 560 ohms .20 usee, (max.)
706 1.25 usee. 470 ohms .25 usee, (max.)
707 1.50 usee. 390 ohms .30 usee, (max.) '

708 .65 usee. 93 ohms .10 usee, (max.)

Minimum available delay at output
Pulse rise time at termination of delay line

Mechanical and electrical modifications available on special order 
exceptional employment opportunities for engineers experienced 
in computer components.. .excellent profit-sharing plan.

ELECTRONICS CORP. 534 Bergen Boulevard, Palisades Park, N. J.

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Step variable delay 
lines • Shift registers • Video transformers • Filters of all types • Pulse-forming networks • Miniature plug-in encapsulated circuit assemblies

CIRCLE 92 ON READER-SERVICE CARD
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NEW PRODUCTS
Ke

ASSI

397
PUSH-BUTTONS coverage

MODEL W96O3

1
o

392
LIGHTED PUSH-BUTTONS INDICATOR LIGHTS

2 0.

MODEL I 20046

u 0.QUADLITE

Dept. 
N.E,

INDICATOR 
LIGHTS 

852

BASIC 
SWITCHES

851

CONDENSED 
CATALOG

853

HERMETICALLY 
SEALED 

SWITCHES 
850

Ci 
Ei 
C< 
Ci
Pl 
Pl 
Pl 
Ji

However revolutionary your 
requirements may be—we can 
probably supply a ready-made 
answer. Write for detailed 
technical literature.

Transmitting 
Antennas

Feature wide frequency

from 1 to 10 ft.
Scientific-Atlanta, Inc., 

ED, 2162 Piedmont Road, 
Atlanta 9, Georgia.

LOOKING FOR THE BIGGEST LINE OF

CONTROL SWITCH DIVISION 
offers you the most versatile and 
complete selection anywhere

TOGGLE & ROTARY SWITCHES

MODEL 2150

You can now select your 
components from the industry’s 
most advanced line of switches, 
actuators and indicator lights 
designed for every conceivable 
control or information application. 
Thousands of variations in 
indicator lights and switches 
from sub-subminiature to 
heavy-duty, commercial or 
military, single or multi-pole.

ELECTROSNAP 
HETHERINGTON

CONTROL
For technical catalogs use the appropriate Reader Service 

Card number shown below:

DIVISION
CONTROLS COMPANY OF AMERICA 
1420 Delmar Drive • Folcroft, Pennsylvania 
TELEPHONE LUdloW 3-2100 • TWX SHRN-H-5O2

Insulating Material 38C
Combines fibre and 
phenolic properties

Anilite insulating material com
bines the electrical properties and 
mechanical strength of vulcanized 
fibre1 with the low moisture absorp
tion of phenolic laminates. It is 
flame resistant and has the arc re
sistance of vulcanized fibre. Il can 
be drawn or formed into perma
nent shapes, and can be punched 
and machined.

National Vulcanized Fibre Co.. 
Dept. ED, 1060 Beech St., Wil
mington 99, Del.

This series of transmitting anten
nas gives w ide frequency coverage 
for outdoor service on microwave 
antenna test ranges. Features in
clude high gain, optimum side 
lobe-bandwidth characteristics, and 
easily interchangeable feeds. Re
flectors are spun aluminum pa
raboloids which vary in diameter

PNPN Silicon Switch
Device is bistable

Type 3280 silicon switch is a bi
stable device of the pnpn class 
transistors having four terminals. 
It can be used in circuit designs 
utilizing 2, 3 or 4 terminals. The 
device can be turned on or off with 
current to either or both of the 
control bases. The switch is de
signed for computer devices requir
ing low current and fast switching 
operation. It is packaged in a four- 
lead TB-4 base measuring 0.217 in. 
in diameter x 0.34 in. high.

Electronic Computer Co., Dept 
ED, 618 Maple St., Conshohocken. 
Pa.
Price & Availability: Delivery from 
stock at $10.

4 CIRCLE 850, 851, 852, 853 ON READER-SERVICE CARO
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New! Switching Transistor

SYLVANIA
2N404A

features improvede Co

ABSOLUTE MAX RATINGS AT 25*C 2N404 2N4O4«

POWER DISSIPATION OF 150mW
VOLTAGE RATINGS OF25V

^0^
's. and

imeter mean 4 2<r

0 200 USL

0100
■ mean

900 1000

SYLVANIAcken.

card

perma- 
inched

Collector to Base Voltage 
Emitter to Base Voltage 
Collector to Emitter Voltage 
Collector Current
Power Dissipation at 25‘*C 
Power Dissipation at 55*C 
Power Dissipation at 70°C 
Junction Temperature

OPERATING TEMPERATURE 
CAPABILITIES OF 100‘C

ELECTRICAL STABILITY 
ASSURED BY TIGHT AQLs

-40V
-25V
-35V 
150mA 
150mW
90mW 
60mW

65*0 to 4 100’C

I with
•f the

-24V 
100mA 
150mW
90mW 
60mW 

65’0 to +100’C

of GENERAL TELEPHONE a ELECTRONICS^

tes and
-a. lizvd

mean 
mean . 2<r

mean
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linals. 
esigns

’ 2N404-A CHANGES TO V^ DURING 1000 HOUR LIFE

OPERATING LIFE AT STORAGE LIFE AT
MAXIMUM RATED DISSIPATION MAXIMUM JUNCTION TEMPERATURE

40U 500 600

TIME IN HOURS

rage

anten- 
verage 
owave 
•es in-

ioo 200 300 400 500 600 700 800 900 1000 

TIME IN HOURS

Measured at 4b = 1 0 ma? and Ic = 24 ma.) 

Sample Size — 75 for Each Test

Sylvania introduces the 2N404A, PNP germa
nium-alloy switching transistor—unilaterally 
interchangeable with the popular 2N404. A 
medium-speed switching transistor, Sylvania- 
2N404A is recommended for service where high 
reliability, electrical stability and resultant long
life expectancy are prime performance considera
tions. Reliability is assured by a tighter AQL. 
Sylvania-2N404A must meet a 1% combined AQL 
for the following parameters: collector cutoff cur
rent at 25cC and 80°C; emitter cutoff current; 
emitter floating potential; saturation voltage at 
12mA and 24mA; input voltage at 12mA and 
24mA; and stored base charge.
Designing now? Sylvania-2N404A is available 
now! Contact your Sylvania Field Office or your 
local franchised Sylvania Semiconductor Distrib
utor for price and delivery information. For tech
nical data, write Semiconductor Division, Sylvania 
Electric Products Inc., Dept. 189, Woburn, 
Massachusetts.

2N404-A CHANGES TO 12 VOLT ICBO DURING 1000 HOUR LIFE

OPERATING UTE AT STORAGE LIFE AT
MAXIMUM RATED DISSIPATION MAXI 1UM JUNCTION TEMPERATURE

Saniple S ze = 75 fot Each lest

/ 6 ’ ** -



NEW PRODUCTS

Z-5033GL-2C40A GL-2C43
molded in epoxy

Micro-miniature size

TO MEET ALL APPLICATION REQUIREMENTS

General Electric Now Offers You Industry’s

Z-5435GL-6 GL7391

Clou

high-ga 

¡ode witl 
t 500 nr

Rack and Panel 
Connectors

■commem 

ediate l<

Silicon Bridge 
Rectifier

ondred m 

tatures I 

jnces anc 

on. Heig

Principal application 

C CW oscillator.

It is especially suitable for appli 

cation as a Class Ai RF amplifier

UHF-SHF low-power triode 

conduction cooling and 

grounded grid.

Is compact, shock resistant

This single-phase, full wave, sili
con bridge rectifier is designed for 
compact, shock resistant power

Its application is as a Class Ai RF 

amplifier.

resin to withstand extreme environ
ments. It has a surge current rating 
of 35 amp, a recurrent peak rating 
of 5 amp and a piv of 200. Operat
ing temperature range is —65 to 
+120 C.

Ledex, Inc., Dept. EI), 123 Web
ster St., Dayton 2, Ohio. 
Availability: From stock.

Typical applications are as a Class 

A RF amplifier, a Class C CW oscil

lator and a plate-pulsed oscillator.

This derivative of type GL 6299 

operates up to 3000 me, and is 

notable for its high spike resistanc» 

capabilities. The tube is unilaterally 

interchangeable with type GL 6299 

Only recently announced, this sturdy, 

UHF, low-noise and low-power triode 

features a grounded grid and con

duction cooling.

Typical output is 75 mw as a CW 

oscillator at 3370 me. Greater out

put obtainable at lower frequencies. 

Features include low interelectrode 

capacitances, low lead inductance 

and low loss. Performance-proved 

and economy priced. Height is 

2 9/16".

A long-life version of type GL-2C43. 

The objective for this tube is 15,000 

hours at 1000 me. While designated 

developmental until this objective is 

proved, the tube is available from 

production. Like the GL-2C43, it is 

single-ended, features low imped

ance, and is 2 11/16 high.

Ultra-reliable for high-gain, low- 

noise applications to 3000 me. Noise 

figure of 4.3 db and gain of 18.5 

db at 450 me. Operational warranty 

is 1000 hours. This UHF-SHF tube 

has high shock and vibration re

sistance ond is conduction-cooled. 

This tube and its derivatives are 

only 1" high.

Series 7030 microminiature rack 
and panel connectors are available 
in units to accommodate 5, 7, 9, 11, 
14, 20, 26, 29, 34, and 44 wires. 
Locked-in floating contacts are in
dividually self-aligning. Positive po
larization is assured by pairs of 
opposed guide pins and guide 
sockets.

Precision Connectors Inc., Dept. 
ED, P. O. Box 96, Mineola, Long 
Island, N.Y.
Availability: From stock.

Typical applications include Class 

C amplifier, oscillator, mixer and 

amplifier in both CW and pulsed 

service.

Typical output is 1.75 kw as a 

pulsed oscillator at 3370 me. Greater 

output obtainable at lower frequen

cies. This single-ended tube features 

low impedance and is 2 11/16 

high. Like the GL-2C40A, this tube 

is economy-priced.

A general purpose, medium-mi JAN 

triode, this tube is especially suited 

to pulsed operation up to approx

imately 5000 me. It gives 2 kw use

ful pulsed power output at 350C 

me, and approximately 500 watts 

at 5000 me. Height is 2 39/64

Typical applications are as a Class 

C RF amplifier, a Class C CW os

cillator, and a plate pulsed oscillator.

Relays 404
Miniature, multipole

These multipole relays require 
as little operating power as 25 mw 
per pole. Model 52C is a dpdt unit 
and the 54C is a 4 pdt unit. Both 
types have self-wiping contacts that 
are rated at: 2 amp, 28 v de and 
115 v ac, for the 25-mw version; 
and 5 amp, 28 v de and 115 v ac, 
for the 50- and 100-mw versions. 
The units can be supplied with 
coil resistances of less than 1 ohm 
to 20.000 ohms.

Kunnan Electric Co., Dept. ED, 
191 Newel St., Brooklyn 22, N.Y. 
Price 6- Availability: $5.30 to $7.40; 
from stock.

Thr frequency range for this tube 

up to approximately 3000 me 

It is a low-noise, high-gain UHF 

tnode, similar in all respects to the 

GL 6299 except that it is designed 

with an isolated heater. It features 

a grounded grid and is conduction- 

rooled.

This is a Class C version of tube 

type GL-6299, It operates up to 

6000 me. Its power output is 65 

mw at 5400 me. Moreover, its power 

output is greater than 0 5 watts at 

500 me. This new, metal-ceramic

It is designed to serve 

C CW oscillator.

It is recommended for application 

as c Class Ai RF amplifier.

I LIGHTHOUSELIGHTHOUSE - GLASS

LIGHTHOUSE - MINIATURE CERAMIC



401Receiving System

GL-6897
USE

GL4771

ceramic
n-mu JAN 
illy suited 
» approx- 
2 kw use- 
at 3500 

>00 watts 
! 39/64”.

de Class 

lixer und 

d pulsed

high-gain, high-mu, closed-spaced 

¡ode with useful output in excess 

(500 mw at 4000 me, CW and 

ider pulsed conditions. Several 

undred mw obtainable at 6000 me. 

■atures low interelectrode capaci- 

nces and rugged planar construc- 

m. Height is 2 39/64 ’.

¡commended for low and inter- 

ediate level amplifier and multi- 

lier applications because of its ex- 

■ptional gain.

This version of the 2C39 family is 

especially suited to high-frequency 

operation. Has 100 watt anode dis

sipation. Gives 30% efficiency and 

10 db gain at 1860 me and 600 

volts. Height is 2 11/16”. Efficient 

pulse performance to 3000 me.

Notable for consistent high-gain 

performance, resulting from closely 

controlled manufacturing and proc

essing tolerances und thorough char

acteristic testing in accordance with 

MIL-E-1/1037B.

This tube is a finless version of type 

GL-6897 for applications where there 

are space limitations, and the full 

plate dissipation of the GL-6897 is 

not required. Height is 2%".

Possible applications include pulsed 

airborne navigational equipment and 

airborne communications. The tube 

is operable as a Class C pulsed or 

CW amplifier, oscillator, and fre

quency multiplier.

A conduction-cooled version of type 

GL-6897, for grounded-grid Class 

C power amplifiers, oscillators, or 

frequency-multiplier circuits up to 

2500 me. 35 watts plate dissipation 

readily obtainable. Features same 

rugged disc-seal construction as type 

GL-6897. Gives consistent high per

formance. Height is 2%”.

Designed specifically for missile and 

other non-air-cooled applications.

Stability is 0.01 % or better at 540 kc

The SP-600-SSB receiving system, 
made up of the SP-600 receiver and 
the SPC-10 SSB converter, with or 
without speaker, is designed for 
commercial and military communi
cations. The receiver has a stability 
range of 0.01% or better at 540 kc 
to better than 0.001% at 54 me. 
Image rejection is 74 db down. The 
converter provides vernier pass
band tuning control of 3 kc.

Hammarlund Manufacturing Co., 
Inc., Dept. ED, 460 W. 34th St., 
New York 1, N.Y.

Power Supply
Rated at 28 v de

398

302000

Model M-1560 power supply has 
an output of 28 v de at a continu
ous-duty rating of 7.5 amp. It has 
magnetic amplifier regulation and 
hermetically sealed silicon rectifiers 
for high temperature operation. 
Regulation is ±1% for combined 
variations of line and load; ripple 
is 5% rms max. It meets specifica
tions of Mil-E-4970.

Perkin Engineering Corp., Dept. 
ED, El Segundo, Calif.

ost Complete Line of Microwave Triodes

395

Telephone: WOodward 9-9422 Telephone: GRegory 3-6387
FREQUENCY IN MEGACYCLES

POWER TUBE DEPARTMENT

GENERAL»(¡cation

50 100

iis tube 
>00 me. 
in UHF 
i to the 
esigned 
features 
duction-

NEW ENGLAND
701 Washington Street 
Newtonville, Massachusetts

EASTERN 
200 Main Avenue 
Clifton, New Jersey

DAYTON
118 West First Street 
Dayton 2, Ohio 
Telephone: BAldwin 3-7151

WESTERN
11840 West Olympic Boulevard 
Los Angeles 64, California 
Telephone: GRanite 9-7765

WASHINGTON
Wyatt Building—Room 1313 
777—14th Street, N. W. 
Washington, D. C.
Telephone: Executive 3-3600GL-6299 • GL-7644 • Z-5435

SYRACUSE
1224 West Genesee Street 
Syracuse, New York 
Telephone: HArrison 2-1030

SCHENECTADY
Building 267
Schenectady 5, New York 
Telephone: FRanklin 4-2211

Ext: 5-3433

Dial direct from New York City 
Wisconsin 7-4065-6-7-8

CENTRAL 
3800 No. Milwaukee Avenue 
Chicago 41, Illinois
Telephone: SPring 7-1600

ELECTRIC
2«5-O1-S4«1-2a

Calculated Noise Perform
ance for Noise-matched, Grid
return Circuit Operation, In
put Circuit Losses Neglected.

Operating Conditions
E =6.3 volts
E =0 volts

c
E /I = 10 milliamperes b b

Illustrated on these two pages are just twelve of the more than 
twenty microwave triode types General Electric now offers . . . 
industry’s most complete line. Rugged, versatile G-E “lighthouse” 
triodes are now available for all types of microwave communica
tion, navigation, identification and radar equipment ... for all 
ground, sea and airborne applications.

For more information on General Electric’s complete line of 
microwave triodes, and for competent application engineering as
sistance, contact your General Electric Power Tube Sales Office.

High-G Rotary 
Accelerator

For testing miniature components

This compact centrifuge is de
signed for acceleration testing of 
subminiature components up to 
20,000 g. Capabilities include op
eration up to 15,300 rpm at a g 
rating of 20,000 with a speed varia
tion of less than 1% and a speed 
resolution of better than 0.1%. Time 
from standstill to full speed is less 
than 20 sec and speed readings are 
given directly in revolutions per 
second.

Schaevitz Engineering, Dept. ED, 
Route 130 at Schaevitz Blvd., Penn- 
saucken, N.J.
Price & Availability: Price is esti
mated at $2,286 to $2,500 depend
ing on specifications, with delivery 
12 weeks after order is received.
< CIRCLE 96 ON READER-SERVICE CARD
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salesman for 
new 8uU®l*n

i Tantalum Canacitor
GOLD-CAP
••*1*1»« «’Moti,

Digital Transducers 402
For flow, pressure, and temperature

The DX-100 series digital trans
ducers measure pressure, flow, tem
perature, or other variables and 
provide a digital output in the form 
of contact closures for data record
ing or transmission. The transduc
ers are completely mechanical and 
employ mechanical-force amplifiers 
to drive shaft-position encoders 
from bourdon tubes, bellows, dia
phragms, or similar devices. Drive 
power for the unit is obtained from 
a small electric motor.

Datex Corp., Dept. ED, 1307 
S. Myrtle Ave., Monrovia, Calif.

has a relatively constant impedance 
and pattern over a wide frequency 
band. The feed is adaptable to sev
eral parabolic reflectors ranging 
from 6 to 28 ft and serving several 
frequency ranges. The antenna sys
tem is designed for severe environ
mental conditions and is mounted 
on a heavy-duty, two-axis rotator.

Andrew Corporation, Dept. ED, 
363 E. 75 St., Chicago 19, III.
Price & Availability: Rotator is 
$10,500; antenna is $2,500; with de
livery 12 weeks after order is re
ceived.

Bring your files up-to- ... . . , , i

6CA-101
Goid-Cap*— 
individually 
testad, 
registered, 
certified.

«TC

letms describing Fansteel Bulletin 6.111-2

Tantalum Capacitors for hp Type-high 
temperature

any application from well 
logging equipment to mis-

application.

Film Recorder 
And Viewer

siles—wherever reliable per
formance is essential Each 
new bulletin contains the 
latest complete specifica
tions, ratings, curves, di
mensions, application data 
and ordering references. 
Write today for the copies 
you need.
Advertising Department 
FANSTEEL
METALLURGICAL 
CORPORATION,
North Chicago, Illinois

bulletin 5 112 5

»olid tantalum 
capacitor

Bulletin 6.120-1

Blu-Cap*— 
utility with 
maximum

C404A

. wtia tab num

—UlXxcs.
— IW: ee

TANTALUM
CAPACITORS

( where reliability dictates standards

Trademark

Used with crt or galvanometers

The Develocorder is an auto
matic processing, 16-mm film re
corder and viewer which can be 
used with from one to 16 gal
vanometers to record data from de 
to 20 cps (150 cps on special order). 
A crt can also be used with the unit 
to record de to 15 kc data. From 
4 to 32 hr of data can be recorded 
on self-contained reels of standard 
Microfile film at speeds of 3 to 20 
cm per min. Display is on a 6 x 17 
in. screen using a two-directional, 
variable-speed drive. Date, time, 
and film number are printed dur
ing recording. Film trace width is 
0.05 mm and linearity is better 
than 2%. Weight is 175 lb.

The Geotechnical Corporation, 
Dept. ED, 3401 Shiloh Road, Gar
land, Tex.
Price ¿7 Availability: $7,250 per 
unit with delivery 120 days after 
receipt of order.

Voltage Variation 378 
Detector
Records short-duration disturbances

This instrument is intended for 
detecting and recording small volt
age variations and short-duration 
pulses. It is a transient-sensitive re
cording ac voltmeter, capable of re
cording variations or transients of 
2 v with durations of less than 32 
msec. Applications include moni
toring regulated power supplies. 
The instrument is scaled from 0 to 
150 v, 60 cps.

Esterline-Angus Co., Dept. ED, 
P. O. Box 596, Indianapolis 6, 
Ind.

Miniature 
Servo Gearhead

Broadband Helical 394 
Telemetry Antenna

Has low side, back lobes

The Helicone telemetry antenna 
system, type 52055 (890-990), com
bines high gain with low side and 
back lobes. The broadband feed

For standard size 11 motor

Model Ell servo gearhead is pri
marily designed for mounting to 
a standard size 11 motor; however, 
adapters are available for mounting 
to other sizes. Ratios from 3.08:1 
to 16,384:1 are obtained by using 
from two to seven gear stages and 
a motor output pinion. Output 
torque is 25 oz-in. continuous and 
the starting torque is 0.015 oz-in. 
max. Backlash through the gear 
train is less than 45 sec for the two- 
stage unit and less than 30 sec for 
all other units.

Exact Engineering and Manufac
turing Co., Dept. ED, Oceanside, 
Calif.
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Accelerometer

IN Series
414

7/8 in. Typemensions are

Frequency is 324 me

Availability: Price is ap

CIRCLE 98 ON READER-SERVICE CARD
1191960

Laboratories, Inc., Dept. 
Beacon Place, Pasadena,

proximately $2,000 with delivery 
from stock and up to 60 days.

Crystal Controlled 
Converter

Corp.
Acton.

ity ratio is 10:1 and may 
creased to 1,000:1.

Technology Instrument 
Dept. ED, 531 Main St., 
Mass.

Flexible-Shaft 
Couplings

Owen 
ED, 55 
Calif. 
Price &

ELECTRONIC DESIGN • September 14, 1960

MPC-2 consists of two cylindrical 
aluminum hubs each having two 
ball pivots attached. The hubs are 
attached to a pair of phosphor 
bronze flexible disks that captivate 
and load the ball pivots. Over-all 
dimensions are 3/4 x 1/2 in.

Technology Instrument Corp., 
Dept. ED. 531 Main St., Acton, 
Mass.

This crystal-controlled converter 
for the 324-mc satellite tracking 
frequency features a low-noise

strict personnel controls and special wall and 
Result: consistent reliable performance from I 
power recti ¿en*

Two types available

These instrument type, flexible
shaft couplings have no backlash 
and are designed to accommodate 
both lateral and angular misalign
ment. Type MPC-1 consists of two 
flanged aluminum hubs and nylon 
or stainless steel disks with vee 
grooves displaced 90 deg and fas
tened with springs. Its over-all di-

Fansteel’s silicon power rectifiers are product d in a nev 
semiconductor plant that is considered one of the mos 
dust-free buildings to be found anywhere in the world 
below is its “white room”, wliere the units are assen

Sensitive to 0.0025 g

Low level g measurements and 
vibration studies are possible with 
model 408 accelerometer. It has a 
sensitivity of 100 mv per g and op
erates down to 0.0025 g. Maximum 
acceleration is 10,000 g; frequency 
response is from 1 cps to 3 kc with 
resonance at 55 kc; amplitude 
linearity is ±1%. Temperature 
range is —65 to ¿-300 F, extend
able to -|-500 F with less than 10% 
variation. The unit is in a stainless 
steel hexagonal case measuring 3/4 
in. on a side and 0.45 in. high. 
Weight is 23.5 gm.

Columbia Research Laboratories, 
Dept. ED, MacDade Blvd, and 
B'fl’ens Lane, Woodlyne, Pa.
Pr'c? ¿7 Availability: For one to 
five units, $160; two-week delivery.

crystal diode mixer followed by a 
low-noise if preamplifier. This pro
vides a noise figure that is stable 
and does not deteriorate with time. 
Output frequencies are 30 and 60 
me with 6 and 6.5 db over-all noise 
figures, respectively.

Tapetone, Inc., Dept. ED. 10 
Ardlock Place, Webster, Mass.
Price & Availability: $350 per unit, 
with delivery 30 days after receipt 
of order.

Millivolt 410
Reference Supply

Absolute accuracy is 0.02%

This reference supply, Model 
850. is a programed, millivolt cali
bration unit w ith an absolute ac
curacy of 0.02% for line-voltage 
variations of ±10% over the tem
perature range of 40 to 125 F. Cal
ibration voltages from 0 to 0.1 v are 
delivered from a constant imped
ance? output of 0.01 ohms.

Precision Drives 415
Operate with rotary components

These precision drives include 
dual-speed drives and a worm gear 
drive to operate with rotary com
ponents such as resolvers, synchros, 
potentiometers, capacitors, and tim
ing coils. Type PDW-1 worm gear 
drive uses a 180:1 ratio to allow 
direct dial readings of 1 min of arc. 
Type DSD-2 dual-speed unit is a 
gear reducer that positions and in
dicates with an accuracy of 6 min 
of arc. Ratios offered are through 
72:1. Ratios of 20:1 and 36:1 are 
available with vernier. Type1 DSD-3 
is similar but has an accuracy of 
12 min of arc. Type DSD-4 gear 
reducer has no backlash and an 
accuracy of 6 min of arc. Its veloc-

Type 9A

Type 7B

Write for latest technical data on Fansteel Silicon Power Rectifiers

SILICON 
POWER RECTIFIERS

50 Amp. 70 Amp
Type 10A Type 8B
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CDF has developed special adhesives for bonding 
copper foil to laminated plastic boards. These adhesives 
produce high peel strength, have excellent hot solder 
resistance, etch cleanly, and provide high insulation 
resistance.

CDF manufactures the largest selection of grades to 
meet every major civilian and military requirement. 
In addition to Di-Clad printed circuit boards, CDF has 
special combination materials to solve extra trouble
some problems. Example: asbestos bonded vulcanized 
fibre for circuit breaker arc chutes where the fibre 
quenches the arc and the asbestos guarantees fire 
resistance.
If you don’t see the grade you want in CDF’s catalog in 
Sweet’s PD file, write us.

High reliability printed circuits for mili
tary applications Made from CDF’s glass 
base Di-Clad laminated plastic.

CIRCLE 99 ON READER-SERVICE CARD

Accelerometer
Potentiometric type

Low-Cost commercial circuits. Made 
from CDF’s paper-based Di-Clad copper- 
clad laminate.

In addition to its own adhesives, CDF makes resins 
and papers. This extends quality control several 
steps beyond simple pressing operations . . . provides 
you with Di-Clad boards of excellent and uniform 
properties.

Electro-Mechanical Programer
For on-off functions

The model 602 electro-mechanical programer 
is designed for programing on-off functions. It 
w ill handle 30, 2-amp circuits. Time range is 60 
to 5.000 sec. Accuracy is 1%, 3? or 5%. Units in
clude reset, solenoid latching, and a positive 

j zero-time indicator.
The Sloan Co., Auto-Timer Div., Dept. ED, 

7704 San Fernando Road, Sun Valley, Calif.
CIRCLE 100 ON READER-SERVICE CARD * 
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Vibration - fr«« plug bases, fabricated 
bv CDF. A special bond of CDF Dilecto 
laminated plastic and rubber.

This potentiometeric accelerometer uses flex
ures and dual seismic masses. The seismic mech
anism has no rubbing parts. Cross-talk is kept 
at a minimum. Linearity is ±2% from —55 to 
-f-70 C. Error due to vibration is less than ±0.03 
in. displacement at 10 to 55 cps and less than 
6% under ±10 g at 55 to 500 cps.

Dynamic Devices, Inc., Dept. ED, 3170 \ al
leywood Drive, Dayton 20, Ohio.

Molding Powder 422
Compounded of Teflon, inorganic material

The molding power is compounded of 100- 
FEP Teflon and an inorganic material such as

elude coil forms and bobbins, tube sockets and 
connector assemblies, and incapsulation of valve 
components.

Crane Packing Co., Dept. ED. 6400 Oakton 
St., Morton Grove, Ill.



Ohmmeter
Provides ranges to 20 meg

This general-purpose ohmmeter 
provides ranges up to 20 meg. It is 
suitable for industrial, laboratory, 
and general-servicing use. Five 
ranges, selectable by a switch, are: 
0 to 2,000 ohms, 0 to 20,000 ohms, 
0 to 200,000 ohms, 0 to 2 meg, and 
0 to 20 meg. The unit measures 
2-3 4 x 4-1/4 x 1-3/16 in.

The Triplett Electrical Instru
ment Co., Dept. ED, Bluffton, Ohio.

CRIMEA AND PUNISHMENT
At the height of the famous Charge of the Light Brigade, no less 

than 23 of the radar s tubes malfunctioned simultaneously. (And no 
wonder—for this was the year 1856—91 years Before Bomac.*) 
The calamity not only left the Light Brigade totally in the dark, but it 
very nearly lost the battle and the radar unit itself. Only the heroic 
action of an anonymous radio operator, later reported missing, kept the 
unit from falling into Russian hands.

Many years later, however, there appeared in England a man named 
Roland Stone, who claimed to be the missing radio operator of Balaklava. 
He was given a hero's welcome and was scheduled to receive the Victoria 
Cross for valor. He would have, too — except for a sharp-eyed, hawk- 
nosed man named Sheerluck Domes who happened to read about Stone 
in the newspaper.

Domes rushed to see the Queen and managed to gain entrance just 
as Stone was about to receive his reward.

Before the startled Queen could sap a word, Domes was flashing 
a telegraph key under Stone's nose. ‘ Ij you're a radio operator, ' he 
hissed, send me some code!" Stone stammered for a moment. His 
hands dropped helplessly to his sides.

"You see, your majesty!" Domes said triumphantly. "This man is 
no radio operator. He wouldn't know a dot from a dash if he met them 
in Covent Garden. Off with his head, I say."

After they had led Stone away, the Queen marveled: "But Domes, 
how could you be sure this man was an impostor? All you knew was 
his name."

"That," said Sheerltick, "was all I had to know. After all," he 
went on, "a man named Roland Stone simply couldn't be a radio operator."

"Why not?” asked the Queen.
"Because," the great man said, "a Roland Stone gathers no Morse. "

No. 21 of a series... bom ac looks at radar through the ages

Strain-Gage 391
Subcarrier Oscillator

Operates on IRIG channels 
1 to 14 and A

This transistorized, subcarrier os
cillator converts strain-gage bridge 
signals into fm subcarrier signals on 
IRIG channels 1 to 14 and A. Desig
nated model 179A, the device is 
designed for missile and aircraft 
environments. It operates with a 
four-arm strain-gage bridge with 
100 to 150 ohm elements. Reactive 
balancing is unnecessary. No out
put filter is required. Linearity is 
within 0.1%. The unit operates from 
a 25 to 29 v de source.

Electro-Mechanical Research, 
Inc., Dept. ED, Sarasota, Fla. 
Price & Availability: $800; 60 days.

Recorder-Reproducer 399
Solid-state circuits

Recorder reproducer PR-2300 is 
an all-solid-state, magnetic tape in
strument which is modularized, 
small in size, and weighs less than 
150 lb. Up to 14 channels of direct- 
record or wide-band fm analog 
data can be recorded and played 
back bi-directionally. Speeds range 
from 1-7 8 to 60 ips. Input range is 
0.25 to 25 v rms for normal record 
level; frequency response is 100 to 
b >0,000 cps ±3 db at 60 ips for the 
direct record system. Input range 
f'»r an fm system is 0.5 to 50 v rms 
f >r 100% modulation, drift is less 
t lan 2% and linearity is 1%.

Consolidated Electrodynamics 
Corp., Dept. ED, 360 Sierra Madre 
' ilia, Pasadena, Calif.
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Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters; 
reference cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplexers; 
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors.

© BOM AC 1960
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data

BORG*

Switching time is 0.1 psec for the Model 
SX-102 ferrite switch. This switch is for the 9.0 
to 10.2 kmc band; isolation is 25 db min and in
sertion loss is less than 1 db. Associated elec
tronic driver units are available.

Rantec Corporation, Dept. ED. Calabasas, 
Calif.
Price: Price is $550 ea in small quantities.

Ferrite Switch
Switching time 0.1 psec

ELECTRONIC DESIGN • September 14, 1960

curved to proxide wide-angle viewing. Complete < 
is on catalog sheets BED-A135 and BED-A136. 
See your Borg technical representative, distributor 

or write us today. Barg Equipment Division, 

Amphenol-Borg Electronics Corporation, 
Janes: Hie, Wisconsin. Phone Pleasant 4-6616.

Rosette Strain Gage
Resists temperature effects

Micropot Potentiometers • Turns-Counting Microdials • Sub-Fractional Horsepower Motors • Frequency and Time Standards
CIRCLE 102 ON READER-SERVICE CARD

Crystal Filters 423
Center frequency is 10 me

Type BP-10000-40 crystal filters are for appli
cation in transistorized if amplifiers. Specifica
tions include: center frequency, 10 me; ripple, 
0.5 db; stopband rejection, 70 db; and dimen
sions, 1/2 x 1-1/8 x 2 in.

Systems Inc., Dept. ED. 2400 Diversified Way, 
Orlando, Fla.

This rosette strain gage is a single-plane unit 
designed for a maximum of sensing elements per 
unit area, and constructed of materials treated 
to resist temperature effects. Gages are avail
able in 1/2 and 1/4 in. sizes, in 45 and 60-deg 
configurations, and on either epoxy, paper or 
phenolic matrices.

Baldwin Lima Hamilton Corp., Electronics & 
Instrumentation Div., Dept. ED, 42 Fourth Ave., 
Waltham 54, Mass.

HVorg 1300 Series Direct

Reading Microdials are worth looking into. 
Designed for high-speed operation, these turns- 
counting dials perform at speeds of 6,000 counts 

per minute. Three, four and five digit models. Indexed 
accuracy is one part in a thousand. Compact design requires 

minimum control panel space. Dust sealed . . . meet 
military specifications. Large, one-piece, sealed window
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Pacific Division 1871 So. Orange Dr. Los Angeles 19, Cahf

1. Wh te

2. Black

3. Red

4. Green

Yellow
Lt. Blue

Brown

Orange

ALPHA WIRE CORPORATION

9.

10.

11.

12.

5.

6.

7

8

13.

14.
15.
16.
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For Government Spec Wire
the Leaders Specify

Alpha offers a complete line of Mil- W 16878C Wire from stock 
for immediate delivery from your local distributor or the factory.

Alpha Military Wire, produced to the highest standards.
is used by every major manufacturer engaged in defense projects. 
Write for your free Alpha Wire catalog

da el 
le 9.0 
id in- 
el< c-

ippli- 
■ifn J- 
pple, 
men

unit
> per 
ated 
vail- 
-deg 
r or

:s & 
\.ve.,

MIL-W-16878C

White/Green

MIL-W-16878C

DESCRIPTION

(Single conductors)

VOLT 

RATING

CONDUCTOR 
SIZE

STOCK 

COLORS

ALPHA
NUMBER

TYPE B 

UNCOVERED 

PLASTIC

stranded tinned copper, 

.010" vinyl thermoplastic 

insulation. 105°C

600 16-32 *1-19 1850-1858

TYPE B 

NYLON 

JACKET

stranded tinned copper, .010" vinyl 

thermoplastic insulation with clear 

nylon jacket overall. 115°C

600

SL 

■

16-32 *1-19 1860-1868

TYPE C 

UNCOVERED 

PLASTIC

stranded tinned copper, 

.016" vinyl thermoplastic 

insulation. 105°C

1000 14-24 Conductors 18-22

Colors *1-19

Conductors 14,16, 24

Colors 1,11-19

1830-1835

TYPE C 

NYLON 

JACKET

stranded tinned copper, .016" vinyl 

thermoplastic insulation with clear 

nylon jacket overall. 115°C

1000 14-24 Conductors 18-22

Colors *1-19

Conductors 14,16, 24

Colors 1,11-19

1840-1845

TYPE D 

UNCOVERED 

PLASTIC

stranded tinned copper, 

.032" vinyl thermoplastic 

insulation. 105°C

3000 6-24 Conductors 18-22

Colors *1-19 

Conductors 6-16 & 24

Colors *1,11-19

1870 1879

TYPE D 

NYLON 

JACKET

stranded tinned copper 

.032" vinyl thermoplastic 

insulation with clear nylon

jacket overall. 115°C

3000 6-24 Conductors 18-24

Colors *1-19 

Conductors 6-16 & 24

Colors *1,11-19

1880-1889

TYPE E 

EXTRUDED & 

SPIRAL 

WRAPPED 

TEFLON WIRE

stranded silver plated 

copper, extruded or 

spiral wrapped Teflon 

insulation. .010" Wall. 200°C

600 14-30 Conductors 16-30 

Colors *1-10 

Conductor 14 

Colors *1-6

Extruded 

2851-2859 

' Wrappt?d 
2881 2889

17. White/OrangeGray (slate)
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Violet (purple) White/Yellow 18. White/Gray

White/Black White/Blue 19. White/Violet

White/Red White/Brown

* Alpha can create for you over 40,000 military approved striped color combinations.

2OO Vanek Street, New York 14, N. Y



NEW PRODUCTS

Synchronous Motor
Has torque of 250 oz

DC VTVM, Model 651

Vibration Monitor
For control or alarm

BATTERY TESTER, Model 656
< .

AC AMMETER, Model 653

World's Largest Manufacturer of Electronic Test Equipment

Ranges: 2.5 microvolts to 250,000 microvolts 
continuously variable in decade steps 
Frequency: DC to 20 KC
Accuracy: * 1 db, with 260

Checks all radio and hearing aid batteries 
up to 90 volts at the manufacturer’s recom
mended load, or any external load.

Note: All Simpson 260* Adapters provide for 
normal usage without disconnecting the adapter.

Only Simpson’s 260* VON
Converts into 7 Different Testers

MICROVOLT ATTENUATOR, 
Model 655............................

40 to 70 cps, 0.6 amp max at 60 cps; 72 rpm out
put at 60 cps.

The Superior Electric Co., Dept. ED. 83 
Laurel St., Bristol, Corm.
Price ¿7 Availability: Price is $65 per unit with 
quantity prices on request, available from stock.

Range* 0-0.25/1/2.5/12.5/25 amps 
Accuracy: *2%. with 260 ^3% nominal 
Frequency Range: 50 cycles to 3000 cycles

NEW Simpson 
Add-A-Tester" Adopters

ELECTRONIC DESIGN • September 14, 1960

steps. Ratings are: input, 120

AUDIO WATTMETER, Model 654.... $18.95 
Load Ranges: 4,8,16,600 ohms
Wattage: Continuous 25 watts (8,600 ohms) 

50 watts (4,16 ohms)
Intermittent 50 watts (8,600 ohms) 

100 watts (4,16 ohms) 
Accuracy: *5%, with 260 ±10% nominal 
Direct reading scale from 17 microwatts to 
100 wath

Type SS250 synchronous motor is designed 
primarily for industrial uses. It has a torque of 
250 oz-in. and a constant speed of 72 rpm. A de 
voltage applied to its field windings converts one 
revolution of the motor shaft into 200 precise

The Sonalarm, Model 160, operates relay con
tacts (NC or NO) at a preset 70- to 100-db sound 
pressure level; it has a differential of 2 db. An 
electronic delay prevents tripping on single im
pacts. An audio output jack is provided for ear
phone or power amplifier.

If. H. Scott, Inc., Instrument Div., Dept. ED, 
111 Powder Mills Road, Maynard, Mass.
Price ¿7 Availability: Presently available only in 
sample quantities, the unit will he in stock by 
Sept. 1, 1960. Price will be about $150 less micro
phone.

TRANSISTOR TESTER, Model 650... $26.95
Beta Ranges: 0*10, 0-50, 0-250, (F.S.)
Beta Accuracy: ±3%, with 260 ±5% nominal
Ico Range: 0-100 ua
Ico Accuracy: ± 1%, with 260 ±3% (F.S.)

Voltage Ranges: 0-5/1.0/2.5/5.0/10/25/ 
50/100/250/500
Accuracy: ±1%, with 260 ±3% (F.S.)
Input Impedance: greater than 10 megs at 
all ranges

TEMPERATURE TESTER, Model 652..$38.95
Temperature Range: —50 F to -|-250oF
Accuracy: with 260 ±2° (nominal)
Three lead positions provided 
Sensing Element: thermistor

Use ultrasonic energy

With an ultrasonic beam, the Sonac can sense 
liquids, solids, ferrous and non-ferrous metals, 
opaque and transparent objects. Operation is un
affected by ambient light, dust, mist or a normal 
collection of residual solids on the face of the 
acoustic lens. The hermetically sealed sensors op
erate from —100 to +220 F. The unit consumes 
about 1 w.

Delavan Manufacturing Co., Electro-Sonics 
Div., Dept. ED, West Des Moines, Iowa.
Price ¿7 Availability: The unit is available from 
stock at $119.00.

adartib



460Precision Bearings

461Pressure Transducer

462Flexible Epoxy

Self-Locking Nuts 463

DC-AC Inverter 464

Vidicon Tubes 465

Center-Post Insulators 466

SIMPSON ELECTRIC COMPANY
In Canada: Bach-Simpson Ltd., London, On*
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Model CP51 pressure transducer is operable from 
115 v ac and can furnish an output of 0 to 5 v de 
for voltage-controlled systems or 0 to 1 ma for gal
vanometer recording. It accepts corrosive liquids or 
gases both sides and is available in ranges 0.5 to 
1,000 psi differential, gage or absolute.

Pace Engineering Co., Dept. ED, 13035 Saticoy 
St., N. Hollywood, Calif.

5202 West Kinzie Street, Chicago 44, Illinois 
Phone: EStebrook 9-1121

The 7697 vidicon is for industrial TV cameras with 
automatic sensitivity control requiring a low value 
of signal electrode voltage held to close limits. The 
tube provides excellent live pick-up with as little 
as 0.2 ft-c illumination at the face plate.

General Electrodynamics Corp., Dept. ED, Gar
land, Tex.

These miniature floating-anchor nuts perform at 
high temperatures. Type LHA4259 straddle type 
offers a vibration-resistant method of fastening 1/16
in. printed circuit boards to walls and brackets. Type 
LHA27M, made of a heat and corrosion resistant 
alloy, operates at 900 F.

Elastic Stop Nut Corp, of America, Dept. ED, 
2330 Vauxhall Koad, Union, N.J.

This 3.25-in., double-row, pre-loaded bearing 
rotates with a centerline angle variation of under 
three arc seconds. It is presently used to support an 
inertial guidance system component.

Industrial Tectonics, Inc., Dept. ED. 18301 Santa 
Fe Ave., Compton, Calif.

These four center-post insulators have heights of 
1.5, 1.75, 2, and 2.25 in. Molded of fiber-glass 
reinforced polyester, they come with threaded hole 
diameters through 5/8 in.

The Clastic Corp., Dept. ED, 4321 Glenridge 
Koad, Cleveland 21, Ohio.

4 CIRCLE 105 ON READER SERVICE CARD

This inverter has sine wave output with a maxi
mum distortion of 5%. Output voltage varies with 
input, if the unit is not used with a transistorized 
regulator. It can be hermetically sealed for military 
applications.

Freed Transformer Co., Inc., Dept. ED, 1718 
Weirfield St., Brooklyn 27, N.Y.

Type TC-3047 is for coating printed-circuit 
hoards. It can be brushed on in thicknesses of 2 to 20 
mils in one application. Moisture absorption is negli
gible; shrinkage is low.

Electronic Production & Development, Inc., Dept. 
ED. 501 N. Prairie Ave., Hawthorne, Calif.

See these adapters on dis
play now showing at better 
distributors across the 
Nation.

EXPANDS 
the Famous 260* 
As the Need Arises 
Before you buy a VOM, 
consider your future needs 
in test equipment. Will you 
require a transistor tester 
... or a DC VTVM... pos
sibly a temperature tester 
. . . or maybe an AC am
meter? If so, you can use 
Simpson's world-famous 
260® VOM as the basis for 
these, as well as a whole 
"test bench" of high-quality 
instruments. All you do is 
plug in "Add-A-Tester" 
adapters. As each new test 
need arises, you buy only 
an adapter; you save the 
cost of duplicate meters 
and circuitry necessary for 
single-purpose testers- Cur
rently available are the 
seven adapters shown at 
left. Additional Add-A- 
Tester adapters will be an
nounced in future months.



This is the new Union Crystal Case Relay
The UNION 2-PDT General Purpose Crystal Case Relay is designed to 
consistently meet the requirements of MS 24250, Mil-R-25018, Mil-R- 
5757C. Use it where minimum size and optimum reliability are esssential—in 
control systems, computers, airborne and guided missile electronic equipment.

To provide vibration immunity, we have incorporated a unique feature in 
this relay’s armature suspension system. A torsion wire is anchored to the 
armature and backstrap. It acts as a biasing spring; supports the armature and 
eliminates end play. The relay uses the rotary principle of operation, found in 
the entire line of extremely reliable Union Switch & Signal miniature relays.

The 2-pole, double throw, bifurcated contact structure increases reli
ability and efficiency in dry circuit applications. UNION Crystal Case Relays 
are designed for continuous operations in the —65°C to -}-1250C range.

Union Switch & Signal’s manufacturing capabilities and experience make 
it possible to provide these quality relays in quantity. Manufacturing tech
niques make it possible to provide the ultimate in reliability.

The new UNION Crystal Case Relay is available with the 0.2" grid-spaced 
header or “S” type header, with solder lugs, plug-in terminals, or 3-inch 
leads, and for various operating voltages.

Contact Union Switch & Signal for additional information about this new 
Crystal Case Relay. Write for bulletin 1064.

Vibration: 20 G—2,000 cps
Shock: 50 G
Temperature Rating: —65°C to -|-125°C
Contact Rating: Dry circuit to 2 amp., 28-volt DC resistive load.

¡Jwneew in Science

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY-------
PITTSBURGH 18. PENNSYLVANIA
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NEW PRODUCTS

Angular Motion Transducer 360
Linearity is 0.25% over 40-deg movement

MAY HAVE A 
SOLUTION -

Type 34A rugged, angular motion Metrisite 
transducer converts angular motion of up to ±40 
deg to voltage outputs with 0.25% linearity. The 
device has a negligible reactive force. It meas
ures 3 x 2-5/8 x 1-7/8 in. and weighs 20 oz.

Brush Instruments Div., Clevite Corp., Dept. 
ED, 37th and Perkins, Cleveland 14, Ohio.

Silicon Diode
With planar structure

Type 1N251 Planar-structure, silicon diode 
meets the JAN specs of MIL-E-1/1023. It is 
suitable for switching and rf applications requir
ing low shunt capacitance. Some of its specifica
tions are: working inverse voltage, 30 v; average 
rectified current, 75 ma; forward voltage at 25 C, 
1 v; breakdown voltage, 40 v.

Fairchild Semiconductor Corp., Dept. ED, 
4300 Redwood Highway, San Rafael, Calif.
Price & Availability: $6 ea for 1 to 99 units; im
mediately available in production quantities.

PNP Transistors
Germanium-alloy type

These PNP germanium-alloy transistors are de
signed for military and commercial applications 
in the audio range. Designated types 2N464, 
2N465, 2N466, and 2N467, the units have a maxi
mum collector current of 100 ma, a maximum 
junction temperature of 100 C, and a maximum 
power dissipation in free air of 150 mw. Types 
2N466 and 2N467 have a maximum collector-to- 
base voltage of 35 v; types 2N464 and 2N465, 
45 v.

Sylvania Electric Products Inc., Dept. ED, 730 
Third Ave., New York 17, N.Y.
Price ir Availability: Price ranges from $1.65 to 
$2.21 ea in quantities of 1 to 99. Units are fur
nished by distributors.

ELECTRONIC

i

Your data handling system, 
whether RF carrier or wire 
transmission line, may require 
time-sharing to increase its 
capacity and efficiency. ..

In the past, the advantages 
of motor driven switches used 
for multiplexing were out
weighed by their disadvan
tages. They were smaller, 
lighter and simpler but, 
because of high contact resis
tance, bounce and short life, 
they contaminated data.

Then IDL introduced multi
fingered brushes traveling on 
the inner periphery of cylin
drical sections to minimize 
resistance and bounce and 
extend trouble-free life to hun
dreds of hours. These con
cepts have been successfully 
applied to missiles in sampling 
900 data points per second for 
more than 500 hours without 
signal contamination even in 
the milli-volt signal level 
ranges.

For example, Switch No.
500660 is a complete unit 
within a compact case, avail
able at reasonable cost and 
capable of sampling up to 180 
transducers. It combines 2 
poles of 30 data channels with 
2 poles of 60 data channels, 
each operating at 5 rps.

For further infor
mation, write for 
Technical Bulletin 
No. 500660; or let us 
propose a solution to 
your Time-Sharina Problem.

INSTRUMENT LABORATORIES
INCORPORATED

Subsidiary of Royal McBaa Corporation

.......... .. ........................_____ J

55 MECHANIC STREET, ATTLEBORO, MASS.
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Epoxy Test Kit 434
This test kit contains an epoxy resin and 

hardener The epoxy is engineered for permanent 
adhesive use for metal, glass, ceramic, hard rubber, 
wood, etc., It has electronic applications, will not 
expand or contract, and is resistant to acids, alkalies, 
grease and solvents.

Fybrglas Industries, Dept. ED, 3010 W. Montrose 
Ave., Chicago 18, Ill.

kRD

960

I’m 
no 
tax 
expert
but...
“I found one way of saving my company a 
fabulous amount of money!

I started ordering our shipping labels 
from Ever Ready, where you get a ‘quality’ 
job at a low, low price-because Ever Ready 
is one of the largest and most experienced 
label producers in the country.”

Ever Ready’s tremendous volume, twice 
that of most other label printers, means
lower costs for us-lower prices for you.

Ever Ready’s shipping labels are easy to 
order by mail. If you use 6000 or more 
shipping or mailing labels per year you’ll 
find amazing savings with Ever Ready. Just 
mail this coupon for our helpful brochure.

CORPORATION
357 Cortlondt Street . . . Belleville 9, N. J.

□ Please send me the Spot Carbon Label folder.
[] Please send me brochure on mailing and ship* 

ping labels.
Nome..................

Company ..........

Street Addrots ., 

City, Zeno, Stoto

Title

Lighted Push-Button 435

This lighted push-button, a turn-to-test device, 
is intended primarily for industrial applications such 
as motor and equipment remote control. The unit 
is oil-tight and has heavy-duty contacts. Caps are 
available in six colors.

Arrow-Hart & Hegeman Electric Co., Industrial 
Control Div., Dept. ED, 103 Hawthorn St., Hartford 
6, Conn.

Neon Panel Indicator Light 436

These plastic neon panel indicator lights are 
about 3/4 in. long, mount in 5/6 in. diameter holes, 
and protrude 1/4 in. in front of the panel. Units 
have speed-nut mounting. They use NE-2-H neon 
bulbs. MIL specs are met.

The Sloan Co., Color-Lite Div., Dept. ED, 7704 
San Fernando Road, Sun Valley, Calif.

Strain Gage Transducer 437

Type 4-325 unbonded strain gage transducer is 
3/4 in. in diameter, 1/3 in. high and weighs 8 g. 
The unit is suitable for airborne instrumentation or 
wind tunnel applications. Pressure ranges are 10 to 
100 psi absolute, 2 to 100 psi gage, and ±2 to ±50 
psi differential. Operating temperature range is —320 
to ±300 F. Excitation is 5 and 12 v rms; carrier 
frequency is 0 to 20 kc. The sensing element is 
housed in a stainless steel case.

Consolidated Electrodynamics Corp., Dept. ED, 
360 Sierra Madre Villa, Pasadena, Calif.

Mass Spectrometer 438

Type 21-110 mass spectrometer is a high-resolu- 
tion instrument designed for materials research 
applications. It is suitable for identification and esti
mation of trace impurities and components in semi
conductors, ceramics, Cermets and high-performance 
materials.

Consolidated Electrodynamics Corp., Dept. ED, 
360 Sierra Madre Villa, Pasadena, Calif.

Subminiature Ceramics 442

These subminiature ceramics with electronic ap
plications can be held to a tolerance of ±0.001 in. 
with comparable tolerances on concentricity. Avail
able in complex shapes, they are useful where co
efficients of expansion must be matched.

American Lava Corp., Dept. ED, Chattanooga 5, 
Tenn.

CIRCLE 108 ON READER-SERVICE CARD
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Look at the specs on this 
brand new UNION 4-PDT-10 amp. relay

4-pole 10 amp. rating
Rotary-type armature
Shock: 50 G
Vibration: 30 G—2000 cps
Temperature: —65°C to +125°C
Contact Rating: 10 amp. 28-Volt DC resistive load

The new 4-pole, 10 amp. UNION minia
ture relay is designed to meet the require
ments of Mil-R-6106. It has exceptionally 
sturdy terminals and a very rugged, 
welded metal armature with glass-coated 
metal actuators. It has been designed to 
withstand the toughest environment.
For example:
... The balanced, rotary-type armature 

gives maximum resistance to 
severe shock and vibration.

... The glass-coated cylindrical actu
ators providefull width contact drive 
to assure square mating of contact 
surfaces.

... It has an all-glass header.

The unique combination of design fea
tures in this new UNION 4-pole, 10 amp. 
relay makes it possible to have a power 
relay that is extremely rugged, yet takes 
no more space than the UNION 6-PDT, 
2-amp. relay. It is the smallest 4-pole, 10 
amp. rotary-type relay now available.

Union Switch & Signal has the manufac
turing facilities to immediately handle 
large quantity orders for this addition 
to the fine family of UNION Reliable 
Relays. Call or write today.

XÏÏoneeu in (Sutton Science

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY
PITTSBURGH 18, PENNSYLVANIA 
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NEW PRODUCTS
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Plug for plug-ins

HERE’S HOW SIMPLE IT IS

C rd

128

Components are snapped into 
terminal jaws, ready for soldering.

trair 
trou

neec 
sine 
wris

What it adds up to is unit planes of circuitry, com
pactly and neatly organized, function by function as 
complete sub-assemblies, ready for packaging.

Schematic is laid out, full scale, 
on Alden Terminal Card Planning 
Sheets.

Housing — the easy way
You can house these plug-ins in your own standard 
racks. Or, Alden has basic “housing” units, called 
Uni-Racks which will help you there and give you a 
more compact, serviceable unit. Either mobile or 
stationary, they’re of various heights, and offer easy 
accessibility, front or rear.

Packaging — the easy way
For packaging these card-mounted sub-assemblies, 
Alden provides a variety of basic, plug-in chassis 
in which circuitry is deployed in space saving verti
cal planes. These chassis plug in, lock, and eject 
with a half-turn of the wrist.

Terminal cards make neat com
ponent sub-assemblies, organized 
function by function into unit 
planes of circuitry.

Using planning sheets as masters, 
terminals and sockets are swaged 
and eyeleted securely into place 
on pre-punched terminal cards.

Chopper 681
For operation from —55 to +150 C

Model 150 silicon-transistor elec
tronic chopper is designed to alter
nately connect and disconnect a load 
from a signal source. It may also be 
used as a synchronous demodulator 
to convert an ac signal to de. Linear 
switching or chopping of voltages 
can be done from a fraction of 1 mv 
to ± 150 v. The unit can be driven 
from 270 cps to 30 kc and operates 
over the temperature range of —55 
to +150 C.

Solid State Electronics Co.. Dept. 
ED, 15321 Rayen St., Sepulveda, 
Calif.

Alden basic building blocks give every engineer a 
faster, easier way to lay out and package electronic 
systems from off-the-shelf components. Here’s the 
story in a nutshell.
Alden plug-in components simplify engineering, cut 
layout time, and speed production. These basic build
ing blocks help you move faster from design idea 
right on through to completed equipment. . . begin
ning with planning and circuit layout.

The Alden terminal card mounting system 
Alden’s unique terminal card mounting system pro
vides everything you need to make planning and 
layout quick and convenient: scaled layout sheets, 
pre-punched terminal cards, miniature terminals, 
card mounting tube sockets, jumper strips to elimin
ate wiring, brackets and tools — everything, and 
all available from stock.

Damping Compound 673 
Is viscoelastic

Designated Vibrodamper, this 
viscoelastic material can be sprayed 
or trowelled onto metal plate, re
ducing structurally borne noise and 
vibration. It is suitable for use on 
sheet metal chassis, aircraft struc
tures, base plates, printed circuit 
boards, and brackets on computers, 
amplifiers, gyros, and other devices. 
It is non-toxic and non-flammable.

The Korfund Co., Dept. ED, 48
778 32nd Place, Long Island Citv 
1, N.Y.
Price ¿z Availability: $15 per gal; 
two-week delivery time.

Speed Control 679
Package is 1.5 x 1.5 x 3 in.

Having package dimensions of 
1.5 x 1.5 x 3 in., this servo speed 
control contains a solid state ampli
fier, servo motor, gear train, and a 
special potentiometer-switch com
bination 1/2 in. long. The pot has 
four electrically isolated wipers 
spaced 90 deg apart. Capable of 
driving many components, resolvers, 
tachometers, and other pots and 
switches, the unit accepts de signals 
from —10 to +10 v.

Spectrol Electronics Corp., Dept. 
ED, 1704 S. Del Mar Ave., San 
Gabriel, Calif.
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Silicon Rectifier

innovations that enable any layman to make first 
level tests.

t com- 
^anized 
o unit

(Please fill out completely)

CHIEF PRODUCT OR SERVICE

Magnetic Disc 
Memory

MY JOB:
| | Administration
Q Design Engineer
| | Production Engineer
Q Purchasing
| | Sales

TYPE OF ORGANIZATION
| | Manufacturing Company

| | Commercial
| | Government
□ R&D

Q Lab, School, Consultant
| | Government Agency
[ [ Jobber, Distributor, 

Manufacturers Rep.

t rd-mounted circuitry is snapped 
i or bracket mounted to pre- 
f .nched, pre-shaped chassis.

Aiden Uni-Rack available in two 
basic heights, easily accessible 
front or rear, mobile or stationary. 
Adjustable height—panels fit Hush.

For production line operation

This magnetic disc memory, using 
the Magdelay memory technique, 
provides on-off signal storage and 
retrieval synchronized with product 
flow in automated process lines. 
Line speeds from 1,000 ft per min 
down to a dead stop are accommo
dated through the use of static flux 
detector heads with 1,200-cycle re
set frequency.

Automation, Inc., Dept. ED, 212 
Worchester St., Wellesley Hills 82, 
Mass.
< CIRCLE 110 ON READER-SERVICE CARD
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Please send me the following information:
J Alden Quick-Order Guide

[3 Facts on time and money-saving Alden “Get-Started” Kits ($U.50-$249.50)

[J 250-page Alden Handbook

“Picture Frame” rack adaptor 
accommodates any combination of 
basic chassis, mounts in any 
standard rack or Alden Uni-Rack.

PRODUCTS COMPANY
9139 Main Street, Brockton 64, Massachusetts

Rated at 60 amp at 20 C

Style 40 double-diffused, hermeti
cally sealed, silicon rectifier is rated 
at 60 amp avg at 20 C on a 7 x 7 x 
1/8 in. copper-heat sink. Range of 
piv is 100 to 400 in 100-v steps. 
Typical forward dynamic resistance 
is 0.0015 ohms. The temperature 
range is —75 to +175 C and the 
thermal drop from junction to case 
is 1 C per w. Peak surge cur
rent is 1,000 amp for 1/2 cycle of 
60-cps sine wave.

Syntron Co., Lexington Ave., 
Homer City, Pa.
Price & Availability: Price ranges 
from $5.84 to $24.46 ea. depending 
on quantity and piv. Delivery time 
is 14 days.

Basic chassis, with sub-assemblies 
in place, provides tor fast, easy 
accessibility. Simple half turn of 
special Serve-a-Unit lock guides, 
locks or ejects for easy service 
checks, repairs, or 30-$econd 
replacement

Tne prime plus — serviceability
All along the way, Alden makes servicing and 
troubleshooting simple. Matter of fact, Alden mod
ular construction is so simple, the user’s own un
trained personnel can locate and correct most 
troubles on the spot.
For instance: monitoring elements assigned to each 
plug-in unit, including tiny Alden tell-tales, pinpoint 
and isolate trouble instantly. With spares, no plug-in 
need be out of operation more than 30 seconds, 
since chassis lock and eject with a half-turn of the 
wrist. Color-coding, and fool-proof matching of mat
ing components are two more of the many thoughtful

Adjustable 
Slip Clutches

Get complete information — free
It doesn’t cost you a cent to find out how Alden’s 
basic building block system can help you solve prob
lems faster. . . how Alden can help to free you from 
the mechanical chores associated with your job, so 
that you can spend more time doing what you’re 
paid to do — design.
The coupon below has been specially designed to make 
it easy for you to get the specific information you 
need in a hurry. Take a moment to fill it out — now 
— and you’ll receive, as a bonus, Alden’s big 250- 
page handbook, “Ideas, Techniques, and Designs’’.

Name
Title
Company
Address
City Zone State

Friction type

These friction-type, adjustable 
slip clutches protect components 
against excessive shock loads or 
those caused by inertia. Compact 
and light, the clutches are adjust
able over a wide torque range with
out having to be removed from the 
system. Type ASC-1 measures 7/8 
x 1 in. and type ASC-2 measures 
5/8 x 5/8 in.

Technology Instrument Corp., 
Dept. ED, 531 Main St., Acton, 
Mass.
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Pressure Meter 67
Senses 0.0001 mm of mercury

The Equibar pressure meter re ds 
directly differential pressures as 1 >w 
as 0.0001 mm of mercury. The n- 
strument is suitable for a variety of 
low differential pressure measu e- 
ments, recording, and control ap; li- 
cations. Eight ranges cover 0.01 mm 
to 30 mm of mercury. Respoi se 
time is 10 msec. Input is about 60 w 
at 105 to 125 v ac. The unit pro
vides phase-sensitive ac and polar
ized de electrical outputs. It meas
ures 8 x 12-1/2 x 12 in. and weighs 
24 lb.

Trans-Sonics, Inc., Dept. ED, 
Burlington, Mass.

Meters 405
Six types available

These electrical measuring de
vices include the following: model 
400 Transclip, a pistol design 
clamp-on ammeter and voltmeter; 
model 432 multitester, having 
20,000 ohms per v sensitivity and 
1.5% accuracy; model 461, a coat
pocket size multimeter; model 477, 
a laboratory instrument with 44 
ranges; model 301, a transistor 
meter; model 405, a megohmmeter 
with a self-contained 500-v power 
supply.

Rowan Controller Co., Dept. ED, 
Red Bank, N.J.

Oscillator 672
Provides hf square waves or pulses

This voltage-controlled oscillator 
provides hf square waves or pulses 
with frequency output linearly con
trolled by a de input. Units are fur
nished with constant amplitude 
output and linear frequency change 
with varied de or both linear ampli
tude and linear frequency change 
with de input. Frequency ranges 
available are: 200 cps to 6 kc, 10 to 
70 kc, 30 to 150 kc, 70 to 240 kc, 
and 200 kc to 1 me. Switching time 
is less than 0.1 psec. The units can 
be used in telemetering, radar gat-

4 CIRCLE 111 ON READER-SERVICE CARD
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Immediate delivery on standard types from distributors' stocks.
CTS manufactures a complete line of composition and wirewound variable resistors for military, industrial 
and commercial applications. CTS Specialists will gladly help solve your variable resistor problems. Contact 
I x* your nearest CTS office today.

SERIES 300 
Actual Size

Closed Circuit TV 
System

ar.jmFT
‘^Lâ7T&

UNIQUE CARBON-CERAMIC ELEMENT 
Helps 1 Control Do 2 Jobs:

ir g, data multiplexing, and other 
applications.

Transystems Electronic Co., Dept.
ED, 94A Donor Ave., E. Paterson,

dety of 
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spot se 
it 60 w 
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polar- 
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These power supplies are of 
modular design for standard rack or 
cabinet installation. Model EA 137 
operates from an input of 105 to 
125 v ac, provides an output of 
12 v de at 200 ma, and has a regu
lation of 0.5% from 50 to 200 ma. 
Model EA 124 operates from an in
put of 28 v de and has an output of 
250 v at 250 ma with a regulation 
of ±1%. Model EA 134 operates 
from an input of 105 to 125 v at 
60 cps and provides an output of 
28 v de at 130 ma. Its regulation is 
±1% from 30 to 130 ma.

Thermador Electrical Manufac
turing Co., Dept. ED, 715 S. Ray
mond Ave., Alhambra, Calif.

itude 
lange

g de
model 
design 
neter; 
laving 
v and 

coat-
1 477, 
th 44 
isistor 
meter 
lower

This three-dimensional, closed- 
circuit television system consists of 
two of the firm’s standard closed- 
circuit TV cameras and a monitor
control console housing two moni
tors, two camera control units, and 
a polarized optical system. The 
optical system presents the over
lapping images from each camera 
on a single viewing plane, with one 
image polarized horizontally and 
one polarized vertically. The stand
ard console uses 14-in. monitors, but 
units from 8 to 27 in. are available. 
The system permits accurate, remote 
nanipulation of dangerous materials 
ip to 1,000 ft away.

Cohu Electronics, Inc., Kin Tel 
)iv., Dept. ED, 5725 Kearny Villa 
load, San Diego 11, Calif.
’rice 6* Availability: The standard 
ystem, with fixed focal length 
ruses, is priced at about $9500; de- 
ivery is 6 wk.
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Surpass MIL-R-94B Style RV6 stability under military environmental conditions including moisture resistance 
and thermal cycling.
Provide full % watt power rating @ 70°C with derating to zero at 150°C on most values (25% to 50% better than 
MIL-R-94B Style RV6) for higher load and temperature applications. Result of efficient ceramic-to-metal 
heat sink.
Other Features:
• High insulation resistance. • For better continuity and reliability, resistance ele-
• Internal hi temp 0 ring seal between shaft and ment has double contactor paddles with adequate 

bushing. spring range.

De Power Supplies
Modular

MIL-R-94B

Standard Mounting Bushings

Other Mounting Bushings 
Special Construction:

Resistance Range:
Wattage & Temp. Rating

Stability:
Rotation Angle 
Shaft Dia.: 
Shaft Length: 
Shaft Trim:

Specifications
1000 ohms thru 1 megohm (linear taper). Tolerances + 20% or : 10%.
% watt at 70 C derated to no load at 150 C (1K to 250K and 120 C on values over 
250K) with 350 VDC max. safe operating voltage across end terminals. (Compares 
to % watt and 120 C in MIL-R-94B).
Exceeds MIL-R-94B. Characteristic Y
295’ ± 3°.
.125 ± .001".
Variable in % increments.
Available with MIL-R-94B, style RV6 standard .031" • .005 wide x .031" 4- 010 .000
screwdriver slot. Flats also available.
MIL-R-94B style RV6 standard '/ 32 N.E.F. 2A by X long non-locking bushing
and % 32 N.E.F. -2A by % long locking bushing.
'/U -32 N.E.F. 2A by %" long locking and non-locking bushing.
Waterseal bearing.
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COAXIAL THERMISTOR MOUNT-Model 33B2

COAXIAL BARRETTER MOUNT-Model 33B3

BARRETTERS

ANO THERMISTORS

WAVEGUIDE

BARRETTER

MOUNT

0.1-16 kmc less than
1.5 over.1-10 kmc

tors for use with these instruments.

That s at least three times faster

The entire beckmanA Size 8 line is
available in standard models for 26
volt or 115-volt sources —Servo

problems.

Beckman® Size 8 and Size 11 Servo
motors are available from stock for

11 Catalog.

vibration resistance exceeds MIL-STD 202A.

filters. The conversion loss is 6 db over 5200 to

SPERRY MICROWAVE ELECTRONICS COMPANY,

CIRCLE 114 ON READER-SERVICE CARD

SPECIFICATIONS

Beckman Helipot
POTS : MOTORS : METERS

Fullerton, California

TUNABLE DETECTOR MOUNTS

Tunable detector mounts are used exten

NEW PRODUCTS

Balanced Mixer
to H band

NEW SIZE « SERVOMOTOR
RESPONDS 3-TIMES FASTER
These fast response Size 8’s have a
whopping acceleration of 86,500 rad/
sec2...and feature torque at stall of
0.22 oz. in., rotor inertia, 0.18 gm. cm.2.

than any other Size 8’s available.

motors, Inertia-Damps, Velocity
Damps, or Servomotor Rate-Gener
ators (special models available for
other voltages). For the servosys
tems man working with 115-volt
reference supplies, this can mean
an end to accessory gear that so
often compounds reliability and cost

At the Breadboard stage ? Several

immediate delivery in prototype
quantities. Check with your Helipot
rep, write us for the list of stock
Servomotors and for the Size 8 and

Helipot Division of
Beckman Instruments, Inc.
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This C to H band balanced mixer uses a vary
ing signal-local oscillator system that does not
require very narrow-band, electronically tuned

5800 me; vswr is less than 3:1 over the local
oscillator band of 3900 to 4500 me and less than
1.7:1 over the signal frequency band. All com
ponents following the mixer are designed for use
at a single frequenev rather than a band of fre
quencies.

Bogart Manufacturing Corp., Dept. ED, 315
Seigel St., Brooklyn 6, N.Y.

Diffused Silicon Diodes
Fast recovery, high conductance types

Types 1N625 through 1N629 diodes are fast
recovery units providing 400,000 ohms in 1 psec.
Types 1N482 through 1N485 diodes are high-
conductance units with a 100-ma max avg for
ward current at 1.1 v. The devices are designed
for airborne and industrial computers. Shock and

CBS Electronics, Semiconductor Operations,
Dept. ED, 900 Chelmsford St., Lowell, Mass.

Signal Simulators
Provide serial pulse train

Broadband—covers complete waveguice
frequency range; fixed-tuned mounts: de
signed for average and peak power meas
urements; barretter replacement without
returning mount; light-weight precision
cast aluminum. Covers the complete fre
quency range, 2.6-12.4 kmc. $70 to $150.

Here are 2 wide frequency range instru
ments, with low-SWR whose elements are
easily replaceable by user. Specially de
signed for the Microline 31A1. May also

used with any standard power meter.

Frequency Range

Male type N input,
Female BNC output

sively in microwave setups with crystals,
barretters, and thermistors to detect,
monitor, and measure microwave energy.
Full waveguide bandwidth coverage, they
have a wide tuning range for impedance
matching. Same frequencies as wave
guide barretter mounts, $75 to $180.

Sperry also stocks a complete line of
Sperry Microline barretters and thermis

1 YEARS %

Model 202 simulates a precise pam or pdm
serial pulse train; model 203 simulates pam-nrz
(non-return to zero) as well as pam and pdm.
Both models are for precise calibration of
telemetry ground stations, data transmission Clearwater. Fla., Division of Sperry Rand Corp.
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Bolometer

133

Blas Current:
Recorder
Output?
Oscillator

Price;

coverage is limited only by the range of the

is set by a 12-position switch.

MOST ACCURATE instrument of its kind on the
market. Has unmatched stability. Sperry

or C-W power of radar, radio, television,

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER. FLORIDA • DIVISION OF SPERRY RAND CORPORATION
CIRCLE 115 ON READER-SERVICE CARD

selected
G 16 ma d-c

$240

lines and data processing equipment. In addition 
to the I RI G standard pulse rates, they provide a 
range of 20 to 7,200 pps. Negative and positive 
output signals are available with provisions for 
introducing missing pulses, or external modula
tion. Linearity and stability are within 0.20%, 
noise and crosstalk are within 0.1%.

Telemetries, Inc., Dept. ED, 12927 S. Budlong 
\ve., Gardena, Calif.
Availability: Delivery 30 days after order re
ceived.
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Vane-Axial Blower
Delivers 64 cfm

373

”■»», g»»« M.H m

The V-line vane-axial blower, 2-in. in diam
eter and 1.5-in. long, delivers 64 cfm at an SP 
of 0 and 3 in. at shut-off in the two-pole version. 
It requires an input of 37 w and has a tempera
ture rise of 40 C max. In the four-pole design,
rated at 11,000 rpm nominal, input is 8 w at 0.08
amp. Temperature rise is 15 C.

Eastern Air Devices, Inc., Dept. ED, 385 Cen
tral Ave., Dover, N.H.

Mylar Film Capacitors
For high-altitude space probes

I he HI-Lar mylar film capacitors are for high-
altitude space probe applications. Other uses are
in nstrument-quality recorders, pulse networks,
anc computers. The line is available in incre-
mc its of 100, 200, 400, and 600 v and in ranges
of 1.0047 to 1 uf. Temperature range is —55 to
4-j 25 C, dielectric absorption is 0.1%, and retrace
sta )ility is less than 0.2%. Dissipation factor is
les than 0.5 at 25 C and 100 cps.

S cientific Electronics, Inc., Dept. ED, 3810
Cohasset St., Burbank, Calif.

EL CTRONIC DESIGN

NO XL
MEASURE toWER

Microline 31 Al can be used to measure pulsed

microwave and microwave relay equipment
and components. Priced competitively low.

EASY TO BALANCE. In addition, two scales
( 0-10 db and 5-15 db) permit its use for direct
attenuation measurements. Its frequency

bolometer and mount used. D-C bias adjustment

SF

Scales

Accuracy
Power:

Frequency
Weight

September 14. I960

Five ranges, front panel 
selection: O-. 1,0-.3, (M.O,
0-3.0,0-10 milliwatts full scale.
Two ranges 0-10,5-15 db full 
scale. Higher power levels by
using directional couplers
and/or calibrated attenuators.
3% of full scale reading.
105-125 volts, 210-230 volts,
50-60 cps.
Temperature coefficient:
positive or negative, front 
panel selected. Resistance:
100 or 200 ohms, front panel

Ol ma, 1500 ohms, one side
ground

Approximately 13 lbs.
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Insulated Cable 421
Conductivity is 85%

Using Alloy 63, this insulated cable has a con
ductivity of 85%. Other specifications include: 
tensile strength, 60,000 psi; ultimate elongation 
8%; and yield strength, 55,000 psi. It comes in 
AWG sizes 16 to 38 and can be stranded or 
solid, bare wire, tin-plated, silver-plated, nickel- 
plated, or silver-nickel plated.

Suprenant Manufacturing Co., Dept. ED, 172 
Sterling St., Clinton, Mass.

Measures heat transfer rate

512

Heat transfer test fixture, model T-400, meas
ures the heat transfer rate from an electronic 
module to the cooling air stream in a well- 
defined temperature environment surrounding 
the module. It can accommodate a module up to 
9-in. wide by 4.5-in. high. The outer structure 
measures 20 x 20 x 20 in. The fixture will condi
tion 0.4 lb of dry inlet air per min over a tem
perature range of —20 to +70 C. Maximum in
put power is 900 w.

Melpar, Inc., Dept. ED, 3000 Arlington Blvd., 
Falls Church, Va.

Silicon Rectifiers 427
Forward-current rating is 400 ma

Designated types X4M2 through X4M6, these 
silicon rectifiers have a forward-current rating of 
400 ma and a piv range of 225 to 600 v. Two 
hundred of these units occupy 1 cu in. Each 
rectifier junction is protected by a Tri-Seal that 
completely encloses the case. Reverse leakage is 
1 pa at 25 C and at rated piv; maximum voltage 
drop is 1 v at rated current, and surge current 
is 3 amp from —65 to +130 C. Current output 
is 150 ma at 100 C.

International Rectifier Corp., Dept. ED, 1521 
E. Grand Ave., El Segundo, Calif.
Price & Availability: $0.75 to $1.75 in quantities 
of 1 to 99. Production quantities are in stock.

134

WHERE RELIABILITY 
IS CRITICAL

ENGINEERED 
COMPONENTS 
for the Electronic 
Industry

1. Chemelec* Stand-Off and Feed- hm 
Insulators are easy to install, resis ant 
to heat and breakage, and—abov all 
—reliable under severest condit ong 
.;. ideal for critical electronic circuits 
such as missile guidance, fire con rol, 
tracking, radar systems. Teflon •— 
due to its excellent dielectric, mechani
cal and thermal properties—is used as 
the insulator body. And, Chemelec 
Compression-Mounted Stand-Off and 
Feed Thru Insulators are designed for 
easy installation. You simply press 
them into pre-drilled holes; they be- 
come self-fastening, requiring no addi
tional hardware or adjustment. Avail
able in compression-mounted, metal
base, miniature and sub-miniature 
types . . . standard R.M.A. colors, a 
wide range of sizes and terminal designs.
2. Chemelec Sub-miniature Tube and 
Transistor Sockets have body insulat
ing material of Teflon; contact mate
rial of brass, silver-plated and gold 
flashed. Capacitance pin to pin .6 
MMF—pin to Chassis .7MMF.
Chassis retention 50 lbs min. in A* 
panel. Contact retention 4 oz. per pin.
3. Chemelec Connectors are Teflon- 
insulated for outstanding high fre
quency service. Once installed, they 
require no further adjustment or 
hardware. .040, .050, .064 pin size, 
female also in .080 size.
4. Plastic Stock Shapes and Intricate Parts, 
inserts, thin sections, threaded parts 
to precision tolerances are available. 
Excellent facilities and experience in 
compression and injection molding, 
extruding, machining of Teflon, 
Nylon, Delrin**, Kel-Ff or other 
industrial plastics.
Garlock facilities and personnel are at 
your disposal for design and develop
ment of new electronic products.

ELECTRONIC PRODUCTS
Garlock maintains complete electrical, 
chemical, and physical laboratories 
staffed by top-flight research and 
development engineers.
Find out more about what Garlock 
offers. Contact the Garlock Electronic 
Products representative near you. Call 
him, or write for Catalog AD-169, 
Garlock Electronic Products, Garlock 
Inc., Camden 1, New Jersey.
*Registered Trademark **DuPont Trademark 
fTrademark, Minnesota Mining & Manufacturing

ELECTRONIC DESIGN • September 14, I960
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Silicon Glass Diodes 683
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Garlock electronic components are skHffuUy engineered for 
high temperature, high voltage, high frequency service.
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Diode Electronic 676 
Multiplier

Has eight channels

Model C404-13 diode electronic 
multiplier console incorporates eight 
channels of multiplication, eight de 
computing amplifiers, a power sup
ply, and a metering panel. It can be 
expanded to a total of 16 channels 
of multiplication. The unit has a 
static multiplication accuracy of 
0.125%. With the addition of a spe
cial circuit, the accuracy can be in
creased to 0.05%. Maximum ampli
tude error is 0.5% at 100 cps.

Reeves Instrument Corp., Dept. 
ED, Garden City, N.Y.
Availability: Delivery can be made 
within 90 days after receipt of 
order.

Silicon Transistors 682
High power, diffused mesa type

This series of six high power, 
diffused mesa type silicon transis
tors will cover the full current 
range from 100 pa to 5 amp. They 
provide a saturation resistance of 
0.8 ohms; good beta linearity; typ
ical cut-off frequency of 15 pc; 
voltages up to 100 v. They replace 
Types 2N1015-16, 2N424, 2N389, 
2N1487-90.

Transitron Electronic Corp., 
Dept. ED, 168 Albion St., Wake
field, Mass.
Availability: Available from stock.

Can switch 0.5 amp

Types 1N690, 1N691, lN692,and 
IN693 silicon glass diodes are 
capable of switching 0.5 amp. 
They are suitable for use in high- 
current pulse circuits and diode 
logic circuits, for high-speed com
puter switching, pulse clamping, 
gating, and blocking. The temper
ature range is —65 to +150 C. 
Power dissipation is 400 mw max 
at 25 C.

Silicon Transistor Corp., Dept. 
ED, Carle Place, N. Y.
Availability: Immediate delivery.



NEW PRODUCTS
Panel Instruments

In streamlined plastic case

TEMPERATURE CONTROL EXPERIENCE
isolation amplifierdecadi;

tfintfICROAMPIRES

AVIONIC
COOLING

Low Noise Mixer Diodes
For K- and Ku-band operation

NewWrite

50,000 watts dissipation
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Eastern cooling packs for electronic subsys
tems extend operating ranges to altitudes 
where air cooling becomes ineffective. ‘Black 
box’ designs can be more compact—reliable 
even at five times the speed of sound.

The Keithley Model 102B Amplifier 
combines a 400-megohm input with high 

gain and low noise. It sharply reduces circuit 

loading errors when measuring outputs from 

accelerometers and other piezo-electric 

devices. It also has many uses in studies on 

hearing aids, phonograph pick-ups, and 

microphones.

Features of the Model 1O2B are: decade 
gains from 0.1 to 1000, selectable band

widths of 2 cps to 150 kc and 2 cps to 1.7 

me. and a 5-volt, 50-ohm output for scopes 

and recorders. Other features include:

cooling problem 
BULLETIN 360.

liquid cooling units¿or 50

Los Angeles Office: 4203 Spencer St., 
Torrance, Calif. Tel.: FRontier 6-1921

high impedance 
ac signals

Extensive experience in missile applica
tions has enabled Eastern to develop sys
tems unusually compact and light as well 
as highly reliable. At the same time, 
Eastern is able to provide at minimum 
cost equipment engineered to a specific 
need by using missile-proved components 
designed to your system configuration.

EASTERN j
INDUSTRIES 'W 
INCORPORATED 
100 SKIFF STREET 
HAMDEN 14, CONN.

Cooling capacities of existing systems 
range from 1,000 to 22,000 watts dissi
pation rates. Eastern cooling packs take 
ambient temperatures from —55°C to 
+55°C in stride, and perform to altitudes 
of 60,000 ft.

Tum to Eastern for space-, weight-, 
and cost-saving solutions to your hottest

Diodes 1N26BR and 1N78DR are the electri
cally reverse versions of types 1N26B and 1N78D. 
W ith both forward and reverse types now avail
able, balanced mixer operations are facilitated. 
The 1678DR has an over-all noise figure of 7.5 db, 
the 1N26BR over-all noise figure is 10 db. Both 
types can withstand 150 F operating tempera
tures.

Philco Corp., Lansdale Div., Dept. ED. Lans
dale, Pa.
Price & Availability: From $9 to $72 ea. for 
quantities of 100 and up; delivery within two 
weeks of order.

These liquid cooling systems are completely 
self-contained—provide such components as 
pumps, heat exchangers, air impellers, reser
voir, coolant flow and temperature inter
locks and similar parts.

• input impedance of 400 megohms, shunted 
by 3 put.

• low noise level, below 10 uv from 10 cps to 
150 kc at maximum gain
• gain accuracy of 1% at midband for all 
gain settings.

• rise time of 0.3 n sec at highest gain.
• two accessory low capacitance probes 
available.

• Price - $325.00
Write today for Catalog B, containing detailed 
information on the Model 102B

For automatic checkout systems

Model 1036 programable, 1-mc counter timer 
is designed to Mil specs and is suitable for use 
in field consoles of automatic checkout systems. 
It measures frequency, period, time interval, fre
quency ratio, and phase to accuracies of 1 ppm.

Systron Corp., Dept. ED, 950 Galindo St., 
Concord, Calif.

CIRCLE 118 ON READER-SERVICE CARO
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The Model 25 panel meters are 2.5-in. diam 
units mounted in streamlined plastic cases. 
Microammeters, milliammeters, ammeters, and 
voltmeters are available in the series. The devices 
have self-shielding, internal core magnets.

Dejur-Amsco Corp., Electronics Div., Dept. 
ED, 15-01 Northern Blvd., Long Island City 1, 
N.Y.

* ■

KEITHLEY lafil
INSTRUMENTS. INC.
12415 Euclid Ave., Cleveland 6, Ohio

BUILD ON

MODEI

PIONEERS OF THE THERMAL FRONTIER
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(Model JY-100)

Here is a superior quality recording 
potentiometer, engineered for modern 
laboratories, and offering these advan
tages—all standard:

INSTRUMENTS, INC,

L anufacturers of Precision Recording 
Instruments

618 West 17th St, Costa Mesa, Calif.

MODEL JY 110

GRAPHIC RECORDER
-offers exceptional 
sensitivity, speed, 
and accuracy...

$090°° low as U4U

Fast balance time—only V2 second.
High accuracy—y2% of span.
Span: 10 mv (Model JY-100); 10 mv to 
100 V, with 10-step attenuator (Model 
JY-110) 
5" chart width
Hum suppressor minimizes stray 60- 
cycle pickup.
Chopper stabilized—no zero-drift prob
lems.
Floating high-impedance input — with 
separate chassis ground.
Many other quality features. Write for 
complete data.

Air Blower 443
Type AO blowers are available in single and 

double units rated 115 or 230 v, 60 cps. Odd volt
ages and frequencies can also be obtained. They 
are self-contained power packages with deliveries 
of 800 cfm.

Redmond Company Inc., Dept. ED, Owosso, 
Mich.

Cabinet Dehydrators 492

Weighing as little as 0.06 lb, these disposable 
cartridge units come in plastic capsule form. They 
are for static air drying and purifying applications. 
They can be fastened within electronic cabinets or 
black boxes using snap-in component clips.

Robbins Aviation, Inc., Dept. ED, 2350 E. 38th 
St., Los Angeles, Calif.

Miniaturized Synchronizer Drive 493

Dimensions of this drive are 2.2 x 1.4 x 3 in. 
and weight is less than 1 lb. The 96-pitch gearing 
has a backlash of 6 sec max. The unit has a control 
transformer, a motor-generator and two -signal 
switches, all tied together with the precision gear 
train. A typical application is nulling out gyro sig
nals before an aircraft’s autopilot is engaged.

Clifton Precision Products Co., Inc., Dept. ED, 
9014 W. Chester Pike, Upper Darby, Pa.

Miniature Insulated Termostat 494

This 1/4-in. diameter, insulated thermostat can 
be factory calibrated or externally adjusted for the 
desired actuating temperature. Its maximum differ
ential is 1 /2 C. Contacts are insulated from the case 
by two glass seal solder terminals and a ceramic tip 
in the adjustment screw.

Chatham Controls Corp., Dept. ED, 102 River 
Road, Chatham, N.J.

Transistor Washer 495

This unit washes and rinses diodes, transistors, 
missile and electronic parts. The purification system 
has a regenerative heat exchanger, cartridge holders 
for organic removal, demineralizing cartridges and 
a submicron filter. The wash system provides 5 
separate rinses of pure hot water; final rinse is 
about 18 meg and 210 F.

Barnstead Still and Sterilizer Co., Dept. ED, 333 
Lanesville Terrace, Boston 31, Mass.

Instrument Case 496

This standard case for test instruments features 
a plug-in chassis which is quickly locked in or re
moved. The open-sided chassis permits use of snap- 
in terminal cards. Accessible point of check for all 
leads can be graphically identified with circuit 
legends. Available in 2, 4, 8 in. widths, 10 in. 
in height.

Alden Products Co., Dept. ED, 117 N. Main St., 
Brockton, Mass.
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TEMP-R-TAPE.

CLASS H INSULATION 

FOR -100 F TO 500 F APPLICATIONS

CHR Temp-R-Tapes are easy to apply 
...economicaL.dependable in service
Choose the right Temp-R-Tape for your job from a variety of 
types which combine some form of Teflon*, Fiberglas or Silicone 
Rubber backing with a silicone polymer adhesive. Temp-R-Tapes 
are all pressure-sensitive, even those which are thermal curing, 
and adhere securely to most materials, including Teflon, at ex
tremely high temperatures. Each of these versatile tapes possess 
a superior combination of electrical, mechanical and physical 
properties suitable for a variety of applications where high dielec
tric strength, thermal stability, moisture resistance, durability, 
low coefficient of friction, non-stick properties, non-corrosiveness, 
non-aging characteristics or fuel resistance may be required.
TYPICAL USES:
Electrical — slot lining', interlayer and interphase insulation; har
ness bundling; splicing; wrapping for microwave components, 
transformer coils, capacitors and high voltage cables. Mechanical 
— facings for film guides in electronic instruments, heat sealing 
bars, forming dies, chutes, guide rails, and for protection for 
metals and other materials being chemically cleaned or coated.

AVAILABLE FROM STOCK:
to 2" widths, 18 yd. and 36 yd. rolls and 12" width on liner 

by lineal yard. Special roll widths slit to order. Temp-R-Tape is 
sold nationally through distributors.
FREE SAMPLE and folder — write, phone or use inquiry service.

ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES

_ _ _ CONNECTICUT HARD RUBBER CO.
•duPont tm Main office: New Haven 9, Connecticut



NEW PRODUCTS
FM Subcarrier Oscillator

Is housed in a 1.5-in. cube
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These are precision built units for appli
cations in S and L bands, machined and 
manufactured to the same fine tolerances 
as the 21A1 Universal Carriage. Preci
sion slotted waveguide casting is integral 
with the carriage.

or wire wound ? I he

UNIV rial 
CARRIAGI 21*1

This carriage is machined to a hig i de
gree of accuracy and carefully designed 
for long life and low wear of part. Ex
treme rigidity and factory adjustment 
assure precision travel of probe within 
waveguide walls enabling the most accu
rate of SWR measurement.

For use with all of the above units we 
recommend the Microline 21B1 Broad
band Tunable Probe. This probe is out
standing because of its unique dual ac
tion repeatable tuning adjustments, anc 
its complete freedom from any type of 
erratic operation.

date in precision pots been only

3.95-5.85
5.2-8.2

7.05-10.0
8.2-12.4

12.4-18 0
Residual VSWR (Max), 1.01

SPECIFICATIONS 
Frequency Range Kmc 

3.95-18.0

SPERRY MICROWAVE ELECTRONICS COMPANY, 
Clearwater, Fla., Division of Sperry Rand Ccrp.
CIRCLE 122 ON READER-SERVICE CARD

DESIGN • September 14, I960

These static inverters, series 115SA, available 
in three power ratings, have fast response, low 
distortion, and lightweight design. They provide 
400 cps power for airborne or missile applica
tions at either 100, 250, or 500 v. Units, transis
torized, measure 7 x 10 x 6 in. max and weigh 
from 6 to 20 lb. MIL specs are met.

Arnoux Corp., Dept. ED, 11924 W. Washing
ton Blvd., Los Angeles 66, Calif.

All these, in bushing, seno and universal mounts, in potentiom

highly accurate
IMPEDANCE INSTRUMEITS

Potting Compound 690
Withstands 275 F continuous exposure

Type 767 potting compound is permanently 
flexible, polysulfide based material designed to 
withstand prolonged exposure to 275 F and in
termittent exposure to 300 F. It is available in two 
parts which are blended equally by weight or 
volume for room temperature or heat curing.

Coast Pro-Seal and Mfg. Co., Dept. ED, 2235 
Beverly Blvd., Los Angeles 57, Calif.

Microline 21A1 Universal Carriage assur
ing perfect positioning with respect to 
travel of the probe tip. Each slot is 
tapered at both ends to reduce secondary 
slot effects.

Acwpet® Acwlrinr* AcmwI^ Acwphm® **»8. Appi for 

CIRCLE 121 ON READER-SERVICE CARD

Inverter
Supplies 100 to 500 v

ELECTRONICS ASSOCIATES, INC.
99 Dover Street, Somerville 44. Moss.

SOmeriet 6-5130 TMX SMVl Ifll Wes* Union WUX

or \ 
tinu< 
pow

This 5" Al A ACEPOT® (shown Vl-scale) meeting all MIL 
specs, is available, in a range o/ accuracies, for prompt delivery.

(for use in Universal 
Carriage 21A1 above)

These sections fit

Designed for aircraft and missile fm telem
etering systems, model 185G fm subcarrier os- 
cillatoi is housed in a 1.5-in cube. It accepts 
transducer outputs of +3, ±5. or ±1.5 v and 
supplies a 5-v rms output into 5,(MX) ohms. It is 
available with IRIG channels 7 to 18 and A to E. 
Linearity is better than 0.1%. Data is translated 
with amplitude and harmonic distortion of less 
than 1% to a modulation index of 5.

Electro-Mechanical Research, Inc., Dept. ED, 
Sarasota, Fla.

famous Ace reliability, quality control and mass production 
facilities are not just limited to the above, no sir! Just consider 
Ace's complete range of standard sizes for instance — not just 
Y2”, W, 1 1/16", but sizes including A.I.A., up to 6"!

21A1
(Universal Carriage) 
21C1 
21G1 
21H1 
21X1
21U1

multi-gangs, quick-cup-change designs, linear and non-linears 
and rectilinears — all in standard and special accuracies and 
conformities, both in wire-wound and conductive plastic. In 
short, when you can get Ace-quality in your FT
every potentiometer need, get it the easy 
way set youi ,\< Erep’Write for complete 
catalog!
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Magnetic Brakes and 684 
Ciutches

Size 11

These size 11 magnetic clutches, 
brake clutches, and brakes may be 
used in a variety of military and 
industrial applications. Clutch tor
que is typically 6 oz-in. for the 
magnetic clutches and 4 oz-in. for 
the magnetic brake clutch. Brake 
torque is 6 oz-in. for the magnetic 
brake clutch and 16 oz-in. for the 
magnetic brake. Units meet MIL- 
E-5272A and are rated for a life 
of 3,000,000 cycles.

Kearfott Div. of General Preci
sion, Inc., Dept. ED, 1150 McBride 
Ave., Little Falls, N.J.

Calorimeter Bridges 685
Frequency range is de to 12 kmc

These calorimeter bridges 
measure 10 to 5,000 w full scale 
with an accuracy of 2% or better. 
Frequency range is de to 12 kmc. 
It can be used with a coaxial cable 
or waveguide. Designed for con
tinuous operation at full scale 
power, the bridges are direct read
ing on all scales. No thermometers 
or flow meters are needed. The in
struments measure 22 x 17 x 18 in.

Electro Impulse Laboratory, 
Dept. ED, 208 River St., Red Bank, 
N.J.
Availability: 30 days.

Temperature Test 686 
Chamber

Range is —100 to -f-350 F

The Econ-O-Line low-high tem
perature test chamber has a range 
from —100 to —|—350 F. Accuracy 
is ±2 F. Internal dimensions are 
14 x 14 x 14 in. Chamber has a 
stainless steel interior and is heli
arc welded. There is an externally 
mounted circulation motor and a 
2-i i. port and plug for leads and 
tubing. A viewing window is op- 
tio ial.

\ssociated Testing Laboratories, 
Dept. ED, Caldwell, N.J.
Price: Chamber sells for $735; view
ing window is $100 extra.

CIRCLE 123 ON READER-SERVICE CARD >

For protection against

PROBE DAMAGE

CINCH

I 

the NEW CINCH | GOLDEN “D”*, 
designed for high performance, 
reliability ... in aircraft, missiles . 
and electronic equipment.

FEATURES:
• Closed Entry Contacts For 

Protection Against Probe Damage.
• Monobloc Insulators
• Low Engagement/Separation Forces
• Golden Iridite Finish to Meet 

MIL O Q-P-416A, Type II Class 2.
• Insulators to Meet MIL-M 19833 Type GDI-30 

Or MIL-M-14E Type MDG.
• Fully InterchangeableWith Standard “D"

“D” SUB-M I N I ATURE CONNECTORS*

For Commercial Requirements

The CINCH 
STANDARD "D"*

designed to withstand 
rigid environmental 

conditions imposed by 
Military Specs—

♦ Manufactured by agreement with Cannon Electric Company'

AVAILABLE NOW I
Complete engineering data on both the Golden D Connector 
and the Standard D Connector is yours for the asking. 
Specification sheets and Catalog 100, cover Cinch Connectors. 
D Sub-Miniature, DPX and DPA types. Phone NE 2-2000 
today or write/wire.

Cinch Manufacturing Corporation
1026 South Homan Avenue • Chicago 24, Illinois

DOT
Divisici of United Carr Fastener Corporation, Boston, Massachusetts

Centrally located plante at Chicago, Illinois: Shelbyville, Indiana; City of Industry, California; St. Louis, Missouri.



NEW PRODUCTS

Microwave Absorbed Ceramic 479

This absorber ceramic, CFI-1003, has losses of 
9.05 db per cm at 25 C and minimum attenuation 
over a wide range of frequencies. It is stable in air 
or vacuum at temperatures in excess of 1,000 C 
in both low and high power systems.

Ceramics For Industry Corp., Dept. ED, Cottage 
Place, Mineola, N.Y.

Insulating And Protective Coating 480

Humiseal type X-242 is a fast-drying coating 
which becomes tack-free in 10 min. Used in the 
manufacture of semiconductor devices affected by 
ultraviolet rays, it may be applied by dip, brush or 
spray. Maximum operating temperature is 130 C, 
dielectric strength is 1,700 v per mil, dielectric con
stant is 2.3.

Columbia Technical Corp., Dept. ED, 61-02 31 
Ave., Woodside 77, N.Y.

Vacuum Pencil 481

Made to speed assembly of semiconductor devices, 
the vacuum pencil enables the assembler to pick-up 
and deposit wafers, and pellets. A choice of 24 
straight and curved needle models are offered. The 
ID range is 0.012 to 0.033 in.

Sandland Tool and Machine Co., Dept. ED, 52 
Duryee St., Newark, N.J.
Availability: Immediate.

Force Transducers 482

Measuring 2 in. in diameter and less than 3 in. 
high, these compression cells are for industrial uses 
in ranges of 5,000 to 50,000-lb capacity. Applica
tions include thrust measurement on jet engines and 
rocket test stands. Cells are load tested to 125% of 
rated capacity.

Schelm Industries, Inc., Dept. ED, 201 Anna St., 
East Peoria, III.

Pressure Transducers 483

Series IP-2010 potentiometer, pressure trans
ducers are available in full scale ranges from 0 to 
4 through 0 to 10,000 psi. In both absolute and dif
ferential pressure service, ranges are 0 to 4 through 
0 to 2,000 psi. A helical bourdon tube is used as 
the sensing element.

H. E. Sostman & Co., Dept. ED, 347 Lincoln 
Ave., Cranford, N.J.

Gyro Tester 484

Made to operate in conjunction with rate tables 
for checking performance characteristics of rate 
gyros, this device incorporates controls and meter
ing circuits to control and measure all gyro in
puts and outputs.

Sterling Precision Corp., Instrument Div., Dept. 
ED, 17 Matinecock Ave., Port Washington, N.Y.
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3 AMP POWER TRANSISTORS —TO 3 CASE
MAXIMUM RATINGS IlMtrlCDl 

Ckaracttrlstics

’n» 
Nim*w

•»CM 
VOftt

•»CH 
Witt

«1
•c

■c
mia mi

Willi so <8 IM JÓ 90 3
2N1310 50 40 100 30 90 140 3
2M378 M 60 100 30 35 90 3
mis M 60 100 30 60 140 3
2N1362 100 75 100 30 35 90 3
2M1J83 100 75 100 3 0 60 140 3
mis« 120 loo 100 30 35 90 3
»ms 120 100 100 30 60 140 3
2M297A 80 50 100 30 40 100 2
2*2174 (SIS. C) 80 50 100 30 40 100 2
»1011 80 80 100 30 30 75 3
»1011 (SIS C) 80 80 100 30 30 75 3

5 AMP POWER TRANSISTORS-TO-3 CASE
MAXIMUM UTINCS IlKtrkU 

CkwMtrMIn

’n» »»CM 
»•Hl

■»CH 
••Iti

*1
•C

*€ 
MIRI

»n-Icmm

40 30 100 5 20 40 3
2N1SM* 60 45 100 5 20 40 3
»1511- 80 60 100 5 20 40 3
»IS»* 100 75 IOC 5 20 40 3
»ISSI 120 90 ìoo 5 20 40 3
»1334* 40 30 100 5 35 70 3
»13»* 60 45 100 5 35 70 3
2N1S1S* 80 60 100 5 35 ro 3
2M1S17* 100 75 100 5 35 70 3
M1SM 120 90 100 5 35 70 3
»ISIS* 40 30 100 5 50 100 3
2X1340* 60 45 100 5 50 100 3
2X1341* 80 60 100 5 50 100 3
2X1342* 100 75 100 5 100 3
»1341 120 90 100 5 50 100 3
»1344* 40 30 100 5 75 150 3
M1S4S* 60 45 100 5 75 150 3
2X1344* 80 60 100 5 75 150 3
»1347* 100 75 100 5 75 150 3
»1348 120 90 100 5 75 150 3

10 AMP POWER TRANSISTORS TO 3 CASE
MAXIMUM RATINGS Slcctrlcal 

CtaractarMIc»

Vf»»
•■m»

■«cae mR»
»«CU 
«Iti

»1
•c

’c 
MDK

■n" 'c“»»

huí 40 JA 100 100 10 30 10
2X624 60 45 100 100 10 30 I«
»424 K SO 100 100 10 30 10
»438 10Õ 75 100 100 10 30 10
»1128 SO 70 100 100 10 50 10

' »nntsM o 80 70 100 100 10 50 10

15 AMP POWER TRANSISTORS —TO 3 CASE
MAXIMUM RATINGS llectrlcei 

Ctaractwlrtlct

WM 
Beata»

•»CM 
wit»

•»cu 
<Vtl

«1 
•c

'c 
UMB

‘u- 'c“*« 
■n au

MIMO* 48 M IM iS 10 30 10
MUSO* 60 45 100 15 10 30 10
MISSI* so 60 100 15 10 30 10
MISS?* 100 75 100 15 10 30 10
M1SS3* 40 30 100 15 30 60 10
2111984* 60 45 100 15 30 SO 10
M1SSS« 80 60 100 15 30 60 10
M1SS6* 100 75 100 15 30 60 10
M1SS7* 40 30 100 15 50 100 10
Misse* to 45 100 15 50 100 10
Misse* 80 SO 100 15 50 100 10
Misse* 100 75 100 15 50 100 10

25 AMP POWER TRANSISTORS —TO 3 CASE
MAXIMUM RATINGS

K Intricai 
Cbaractarlttki

•«CM 
mite

•»en 
mR»

»i
•c

’e 
MMt

Sg* ic»m»

MHH« 50 35 100 25 iS 65 2$
MUSS* 50 35 100 25 15 65 25
M11M* 80 60 100 25 15 65 25
MUSS* SO 60 100 25 15 65 25
M11M 100 75 100 25 15 65 25
Ml 167* 100 « 100 25 IS 65 25

NEW 15 AMP POWER TRANSISTORS 
IN 'low silhouette” TO 36 CASE

MAXIMUM RATINGS
(Icctrlcfl 

Ctaracttrittlc»

’m 
Reatar

•«CM 
mit»

•«cu 
miti •t

*c
•■»»

kn? ic»m»
■ia «a«

M441 40 40 100 15 20 40 5
M442 50 45 100 15 20 40 5
M44» 60 50 100 15 20 40 5
Ml 74 IO 70 100 15 25 50 S
MISS« 80 70 100 15 25 50 5
Ml IM 100 •0 100 15 n 50 5
M1412 100 00 100 15 25 50 5
M277 40 40 100 15 35 TO 5
M278 50 45 100 15 35 TO 5
nm 60 50 100 15 35 TO 5
MICH 80 70 100 15 35 70 5

"A" series of these de
vices is offered under 
"Meg-A-Life” program... 
providing military qual
ity units for Industrial 
applications.

MOTOROLA now has a standard power tran
sistor to match nearly any design requirement. 
With the addition of the new “low silhouette” 
TO-36 package, Motorola is now your most com
plete ... most dependable source for industrial and 
military power transistors. For Immediate
11 TYPES OFFERED IN NEW "LOW SILHOUETTE" TO-36 CASE Delivery Of

• 15 amps —150 watts
• 40 to 100 volts
• Requires 30% less headroom than other TO-36 packages.
• 43% less thermal resistance (0.5°C/W max.) than com

parable types.
• hrs ranges from 20-70
• 100°C junction temperature
• Improved internal construction

MOTOROLA
TRANSISTORS
ZENERS

118 TYPES OFFERED IN INDUSTRY STANDARD TO-3 CASE

• 3,5,10,15 and 25 amps
• 90 watts power dissipation
• Up to 120 volts
• 0.8°C/W maximum dissipation
• Special "Meç-A-Life" units provide military-quality for in

dustrial applications.
• 100°C junction temperature

All Motorola power transistors are stabilized at 125°C for 100 hours 
and 100% lot life-tested to assure highest reliability.
IMMEDIATELY AVAILABLE-Motorola’s complete power transistor line 
is available from your authorized Motorola Semiconductor distributor. 
Call him, today.
Birmingham, Ack Semiconductors, Inc. / Boston, Cramer Electronics, Inc., 
Lafayette Radio / Camden, General Radio Supply Co. / Cedar Rapids, Deeco 
Inc. / Chicago, Allied Radio Corp., Newark Electronics Corp-, Semiconduc
tor Specialists, Inc. / Denver, Inter-State Radio A Supply / Detroit, Radio 
Specialties Co. / Houston. Lenert Co. / Jamaica, N. Y., Lafayette Radio / 
Los Angeles, Klerulff Electronics / Melbourne, Fla., Electronic Supply / 
Newark, N. J., Lafayette Radio / Naw York, Lafayette Radio, Milgray 
Electronics / Oakland, Elmar Electronics/ Phoenix Radio Specialties / 
San Diego, San Delco / Seattle, Elmar Electronics / Washington, D. C., 
Electronic Industrial Sales.

• RECTIFIERS
Contact These
DISTRIBUTORS

DIRMINSHAM
Ack Semiconductors, Inc.
3101 Fourth Ave., So. 
FAIrfax 2-0588

IOS ANSELES
Klerulff Electronics 
820 W. Olympic Blvd. 
Richmond 8-2444

BOSTON
Cramer Electronics, Inc. 
811 Boylston St.
COpley 7-4700

MELBOURNE. FU.
Electronic Supply 
1301 Hibiscus Blvd.
PArkway 3-1441

Lafayette Radio 
110 Federal St. 
HUbbard 2-7850

NEWARK, N. 1
Lafayette Radio 
24 Central Ave. 
MArket 2-1661

CAMDEN
General Radio Supply Co.
600 Penn St. 
WOodlawn 4-8560

NEW TORN 
Lafayette Radio 
100 6th Ave. 
WOrth 6-5300

FOR COMPLETE TECHNICAL INFORMATION...
contact your Motorola Semiconductor district office:

BOSTON 365 Concord Ave., Belmont 78. Mm . IVonhoo 4-5070
CHICAGO 39, 5234 Wett Divarsey Avenue AVenue 2-4300
DETROIT 27, 13131 Lyndon Avenue 8Ro*dw.y 3-7171
LOS ANGELES 1741 Ivar Avenue, Hollywood 28. Calif. Hollywood 2-0821
MINNEAPOLIS 27, 7731 6th Avenue North liberty 5-2198
NEW YORK 1051 Bloomfield Ave., Clifton, NJ. GRegory 2 5300

from New York .................................................... Whcontin 7 2980
ORLANDO KnoWel Building, Winter Park, Fla Midway 7-2507
PHILADELPHIA 130 South Enton Rd., Glen,ide, ft..................  TUrner 7-7020
SAN FRANCISCO 1299 Baythore Highway, Burlingame, Calif. Diamond 2-3228
SYRACUSE 101 South Salina . GRanite 4-3321
WASHINGTON 8605 Cameron St., Silver Spring, Md. JUniper 5 4485

CEDAR RAPIDS
Deeco Inc.
618 First St., N. W. 
EMpire 4-2493

Milfray Electronics 
136 Liberty St. 
REctor 2-4400

CHICAOO
Allied Redlo Corp. 
100 N. Western Ave. 
HAymarket 1-6800

OAKLAND
Elmar Electronics 
140 11th St.
TEmplebar 4-3311

Newark Electronics Corp. 
223 W. Madison St.
State 2-2944

Semiconductor
Specialists, Inc. 

5706 W. North Ave. 
NAtlonal 2-8860

PHOENIX
Radio Specialties 
917 N. 7th St.
Alpine 8-6121

DENVER
Inter-State Radio A Supply 
1200 Stout Street
TA 5-8257

SAN DIESO 
San Delco 
3831 Park Blvd. 
CYpreu 8-8181

SUTTLE
Elmar Electronics 
3466 E. Marginal Way 
MAin 3-6456

MOTOROLA
Semiconductor Product» Inc.

A SUBSIDIARY Of MOTOROLA INC

DETROIT
Radio Specialties Co.
12775 Lyndon 
BRoadway 2-4200

HOUSTON
Lenert Co.
1420 Hutchins 
CApItOl 4-2663

WASHINGTON, B. C.
Electronic

Industrial Sales 
2345 Sherman Ave., N. W. 
Hudson ?

JAMAICA, N. T, 
Lafayette Redlo 
165-08 Liberty Avo. 
AXtel 1-7000

CANADA
Canadian Motorola 

Electronics Ltd.
105 Bartley Drive 
Toronto 16, Ontario 
Pl 9-2222

NOW AVAILABLE

The Motorola Power Transistor Handbook ... a valu
able reference dealing exclusively with power tran
sistor theory, design considerations and applications. 
Only $2 per copy from your Motorola Semiconductor 
distributor.

MOTOROLA

CIRCLE 124 ON READER-SERVICE CARD CIRCLE 125 ON READER-SERVICE CARD
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NEW PRODUCTS

SPECIAL G-E GLOW LAMP

VARIATIONS TO LESS THAN 3 V

NE-6IA

Ebb

Resistor Decade BoxSCREEN VOLTAGE REGULATOR

f km âmá!Handies 225 w

ical
DIRECT CURRENT CHARACTERISTICS

2000 hours

Progress Is Our Most Important Product

GENERAL ELECTRIC
CIRCLE 126 ON READER-SERVICE CARD

142

Breakdown Voltage (in light).................................................
Breakdown Voltage (in dark)..................................................
Maintaining Volts (.1 to .3 m a. range)............................. 
Extinguishing Volts (in series with .25 megohm or more) . 
Design Current..............................................................................  
Leakage Resistance at 75% RH and 80°F......................... 
Life (at .3 m.a. d-c for an average change of 5 volts in 
maintaining voltage)..................................................................

1 Yi Times 
Actual Size

There is a General Electric Glow Lamp to fit your circuit requirements. 
For the latest information on Glow Lamps as Circuit Control Components 
and Indicators, write for 4-page Bulletin #3-0193. General Electric Co., 
Miniature Lamp Dept. M-034, Nela Park, Cleveland 12, Ohio.

60-90 volts d-c
110 volts d-c maximum 
52-65 volts d-c
>50 volts d-c 
0.1 to 0.3 m.a.
100 megohms or more

c/gilvie press, inc.
Quality and Service Since 1878”

reas 
pra<

Maximum quality-—minimum draw
ing time . . . and it’s impossible to 
tell which print was originally drawn 
on Ogilvie pre-printed tracing media. 
The big difference is tho time saved- 
The hair-thin grid or guide lines dis
appear completely in reproduction 
. . . all that remains is your sharp 
clear print.
Ogilvie provides drafting efficiency 
by allowing rapid rendering to scale 
and by eliminating the need for con
structing guide lines. And Ogilvie 
pre-printed papers stand the wear 
and tear of time because they're 
100% rag.

The model 600 Tape Reader is capable of pro
viding outputs at up to 600 characters per sec, 
on a start-stop basis. The reader, especially 
suited to industrial automated control systems, 
reads 5, 6, 7, or 8 level code combinations on

CIRCLE 127 ON READER-SERVICE CARD 
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OGILVIE PRESS, INC.
33 Rockwell PI., Bklyn. 17, N. Y. 
Please rush free sample. Also, please quote 
on tho enclosed.

Name ....................................................................

Title..........................................................................
Firm .......................................................................

Address...................................................................

This Oscillograph, model 560A, is a miniature 
instrument weighing less than 10 lb. It is capable 
of accurate data recording under severe shock 
accelerations. Some models have withstood two- 
phase shocks in excess of 3,000 g for 2 msec and 
300 g for 25 msec. The unit can record 14 dif
ferent data traces on 3-5/8-in. wide record paper 
or film.

Midwestern Instruments, Dept. ED, P.O. Box 
7186. Tulsa. Okla.

Here at last is a glow lamp with true voltage regulation specifications. 
Within a range of 52 to 65 volts, each individual General Electric NE-68A 
will not vary more than three volts even though current through the lamp 
fluctuates between .1 and .3 rnilliamps. Minimum maintaining voltage of all 
NE-68A s at .1 rnilliamps is 52 volts; maximum voltage at .3 milliamps is 
65 volts.

The G-E NE-68A is a. pre-aged glow lamp with plated leads to make 
soldering easier. It contains a mild radioactive additive for reduced dark 
effect. Special treatment with the G-E Dri-film process insures high leakage 
resistance under humid conditions.

The Model 240C power resistor decade box al
lows selection of resistances in one-ohm steps 
from 1 to 999,999 ohms. Power rating is 225 w 
max, at 1000 v de or 660 v ac max.

Clarostat Manufacturing Co., Inc., Dept. ED, 
Dover, N.H.
Price ir Availability: The unit, available from 
stock, is priced at $110.

Miniature Oscillograph
Capable of withstanding severe shock

Paper Tape Reader
Rate up to 600 characters per second

5

Conventional Tracing Paper

DRAWING TIME...2 hrs.

OGILVIE Tracing Media

DRAWING TIME...1 hi



Get the Facts About 
These Cost-Saving 
Terminals and 
Components

punched paper tape. Unit provides input to com
puters in data-processing applications. The 
sensing head, which can be used separately, is 
readily adapted to different block lengths.

Anelex Corp., Dept. ED, 150 Causeway St., 
Boston 14, Mass.

Voltage Monitor 371

HOLTZER-CABOT 
offers these 

CUSTOM FEATURES 
in a new stock motor

STANDOFF AND 
FEED THROUGH TERMINALS 
Low cost and high y "
electrical specs. | ■ 
have made these 
the most popular rn| Ii
in the industry. Ill III
Choice of fork, III
single and double .
turret, post ... | | ■
standard, minia- ‘------------ *
ture, sub-miniature... r * 
molded or metal base__  
wide variety of body ma-___ J®
terials, including diallyl Cp
phthalate and melamine, 
and plating combinations. W

Request Catalog SFT-1

27 MAX, 
!b

PUSHLOCK NYLON TIP JACKS

Reacts in 50 msec

MOTOR ONLY

This transistorized voltage monitor reacts in 
less than 50 msec to voltages falling below the 
limiting set point. It is applicable to a wide 
range of uses such as diode sorting, thickness 
gaging, and weighing. Insensitive to positive 
levels, it has a hysteresis of less than 250 mv at 
25 C, and uses reference levels between —250 
and 4-250 v. Output is 5 amp at each contact, 
which is spdt. The device provides limit indica
tions with accuracies exceeding 0.05%, full scale.

General Automatics, Inc., Dept. ED, 2443 Ash 
St., Palo Alto, Calif.

Pulse Pattern Generator 365
Tests data-processing systems

GEAR MOTOR

MODEL RBC-2407 
2-Phase Instrument Servo Motor

draw- 
ible to 
drawn 
nedia. 
laved, 
»s dis- 
luction
sharp

iciency 
• scale
tr con- 
Igilvie 
wear

Iwy're

Save time and money regardless 
of installation method. Just push 
into cabinet or chassis hole and 
the one-piece Pushlocks align and 
self-anchor. Eliminate threads, 
nuts, lockwashers and vibration 
problems.

Request literature

MELAMINE
JACKS

Very economical, 
yet designed elec
trically and mechan
ically for long, relia
ble service. Supplied 
in a wide range of 
code colors.

Request details

• High torque-to-inertia ratio
• Torque to meet your needs
• Several output speeds to choose from
• Control winding impedance of 5400 ohms locked rotor
• New motor end cap design for easier mounting, 

better heat dissipation

The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor.

POINTER KNOBS
A military and in
dustrial favorite by 
reason of price and 
practicability. Sup
pled in attractive 
bLck, satin-finished 
phenolic.

Request details

HOLTZER-CABOT MOTOR DIVISION • NATIONAL PNEUMATIC CO., INC.
The model 3-201 Uni-Bloc pulse pattern gen

erator is a transistorized test instrument that pro
vides simulated input data words for data- 
processing systems and magnetic data-storage 
units. The unit generates data words at rates up 
to 100 kc and contains separate logic levels for 
partial word blanking.

Applied Development Corp., Dept. ED, 12838 
Weber Way, Hawthorne, Calif.
Price ¿r Availability: Off-the-shelf delivery at 
$1,950.

Salet-Service Repretontative» in Principal Citte» throughout the World

N. Y.
! quote

WHITSO,inc
9326 Byron Stroot, Schiller Park. Illinois 

(Chicago Suburb!
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Detignort and manufacturer» of 
mechanical, pneumatic, hydraulic,

electric and electronic 
equipment and »yttem»

HOLTZER-CABOT MOTOR DIVISION, Department ED
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass.

Please send: □ Complete details of Model RBC-2407 Servo Motors 
□ Information on other H-C Instrumentation Motors

NAME_______________________________________________________ TITLE----------------------------------------- -

COMPANY___________________________________________________________________________ _______

ADDRESS___________________________________________________________________________—-----------
CIRCLE 129 ON READER-SERVICE CARD
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NEW PRODUCTS

VHF Amplifier J75
Has three-octave bandwidth

actual size

Model HFW-5(C)-326 vhf amplifier, having 
a coverage of better than three octaves, provides 
a 20-db gain and an 8-db noise figure. The range 
is 30 to 265 me; source and output impedances 
are low. The unit features synchronous tuning. 
Using five tubes, it requires 22.5 w of anode 
power and 1.5 w of heater power. Dimensions, 
not including those of the optional power supply, 
are 19 x 3.5 x 6.5 in. Weight is 7.25 lb.

Applied Research Inc., Dept. ED, 76 S. Bayles 
Ave., Port Washington, N.Y.

GEARMOTORS % SMALLER
The Globe a.c. gearmotor you see superimposed against a conventional 
right angle gearmotor will give your product major advantages: Globe’s 
version is much smaller than the big style, is interchangeable with 
slight mounting changes, produces the same torque, and should run 
5 to 7 times as long without maintenance, even with high inertia loads. 
Study the picture above with your application in mind.

Furthermore. Globe gives you a choice of 101 standard planetary 
gear ratios, and any special ratios or other features you need. The 
Globe gearmotor is competitive in cost even though it meets military 
specifications. If you don’t have rigid environmental requirements 
Globe can furnish a commercial version in production quantities at a 
saving to you. If you design with induction or hysteresis synchronous 
gearmotors—investigate now.

Globe has available for immediate shipment prototypes of the Type 
FC, 115v. a.c., 60 cycle synchronous motor in the following gear ratios: 
352.6 to 1 (10.2 rpm, 160 oz. in. out), and 27.94 to 1 (64.4 rpm., 
19 oz. in. out). Other variations, including d.c., about 4 week delivery. 
Please request Bulletin FCB from Globe Industries, Inc., 1784 Stanley 
Avenue, Dayton 4, Ohio.

GLOBE GLOBE INDUSTRIES, INC.
PRECISION MINIATURE A.C. ft D.C. MOTORS. ACTUATORS 

TIMERS STEPPERS. BLOWERS. FANS. MOTORIZED DEVICES

CIRCLE 130 ON READER-SERVICE CARD
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Microwave Receiver Assembly
Covers the 8.5- to 9.6-kmc range

The MMX-6 matched X-band microwave re
ceiver head end assembly covers the 8.5- to 9.6- 
kmc range with a maximum noise figure of 7.5 
db. It has a typical noise figure of less than 7 db. 
an if bandwidth of 8 me and an if gain of 25 db. 
The MMX-6 is electrically similar to the MMX-2.

LEL Inc., Dept. ED, 380 Oak St., Copiague, 
Long Island, N.Y.
Price ¿7 Availability: $830 per unit with delivery 
45 days after order is received.

Oscilloscope 660
Range is de to 450 kc

The Type 504 oscilloscope operates in the de 
to 450 kc range. Its basic sensitivity is 5 mv per 
cm. The input stage to the vertical amplifier is 
electronically regulated. There are 12 calibrated 
steps to 20 v per cm, and to over 50 v per cm un-

ELECTRONIC DESIGN • September 14, I960
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cal brated. Input impedance is constant at all sen
sitivities. Device has an 8 x 10 cm viewing area, 
18 calibrated sweep rates and adaptable trigger 
facilities.

Tektronix, Inc., Dept. ED, P.O. Box 831, Port
land 7, Ore.
price: The type 504 oscilloscope is available at 
$525. The rack-mounting model, RM504, is avail
able at $535.

Coaxial Termination 513
Two models of tunable load available

Some Meas
I

for your file of practical information on 
drafting and reproduction...from

When it comes to lettering —plain or fancy 
— professionals the world over turn to 
LEROY® Equipment by K&E. In drafting 
rooms, art departments — not to mention 
schools, business offices, churches, clubs, 
hospitals — LEROY has become almost as 
necessary as pencil and paper.
Truly, there’s no magic about LEROY —

having
>rovides
e range 
edances 
tuning.
anode 

ensions, 
supply,

Bayles

Model TL-2000 coaxial termination covers the 
250 to 2,000 me range, the TL-4000 covers the 
2,000 to 4,000 kmc range; both units can be tuned 
to a vswr of 1.02 max within their respective fre
quency ranges. The variable mismatch that can 
be introduced is 1.5 from 1,000 to 2,000 pc for 
the TL-2000 and the same for the TL-4000. This 
is done without changing the reference plane. 
Impedance is 50 ohms; power handling, 1 w cw.

Maury and Associates, Dept. ED, 10373 Mills 
Ave., Montclair, Calif.
Price: Both models are $120 with the type N 
connector, $125 with the type C connector.

Dual Polarized Microwave 369 
Antennas

For 6-kmc operation

just a beautifully simple idea, translated 
into products which reflect the highest 
manufacturing skill and imagination. Not 
easy, we grant you ... but not magic.

However, to keep the LEROY line con
stantly up to the changing requirements of 
the times - that does require a wizard. 
Fortunately, we have just such a gentle
man firmly settled on the K&E payroll. 
And he begs that we report several of the 
more recent minor miracles of LEROY 
right here and now. So, in the famed stand
ard, sans-serif lettering template, let’s 
make with a little ...

ive re
to 9.6- 
of 7.5 

i 7 db. 
25 db. 
MX-2. 
dague,

abracadabra
Template*

divert)

he de
iv per 
fier is 
>rated
m un-

This series of dual-polarized 6-kmc antennas 
combine two microwave signals in a single an- 
t nna. The signals are fed by different wave
guides. System does not require circulators, 

ower windloading, installation and maintenance 
costs are reduced. Antennas are available in 4, 
(, 8, and 10-ft sizes.

Andrew Corp., Dept. ED, P.O. Box 807, Chi- 
< ago 42, Ill.

Every year sees new additions made to the 
already long list of LEROY templates. Case 
in point: the new electronic tube symbol 
templates for use in one of the most mod
ern, fastest changing industries of them all. 
Also, there are foreign language templates 
(such as Russian and Greek), music tem
plates, special designs, and a variety of 
handsome type faces (Caslon, Cartograph
ic, Bernhardt Modem to name some newer 
additions).

The best advice we can give for keep
ing current on LEROY templates is to 
have the LEROY catalog on hand. (It 
just so happens that we recently put out 
a brand new edition of the catalog, and 
it’s yours for the asking. See coupon at 
right.) Finally, of course, we should add 
that if you don’t see what you need in our 
catalog, don’t despair. We’ll produce it,

-KEUFFEL. «

custom-made, to your design — as we have 
done for thousands of others.

A “Built-In” Pencil Point
The business of stopping work to put a 
sharp point on a lettering pencil is now 
largely over and done with, thanks to an
other new LEROY item. The point of the 
new LEROY “020” pencil never blunts or 

dulls — it’s permanently sharp. And that, 
we submit, is a pretty sharp idea. The lead 
of this new pencil is an unvarying .020 
inches in diameter, from one end to the 
other. All that’s necessary to repoint is to 
advance the lead with a turn of the pencil 

shaft. No need to remove it from the scri
ber, by the way. This new pencil fits all 
LEROY scribers, and guarantees faster, 
smoother work. As to appearance — all 
lines drawn with the “020” are perfectly

KIUFFIL » ■ ••■R CO., Dept. ,0-’> Hoboken, N. J.
Please send me the latest catalog on LEROY Lettering Equipment by K&E.

I I
Name & Title_________________________________________________________

I I
| Company & Address___________________________________________________
I I
I —---- - --------------------------------------------- ------- ------------- «••• I

ESSER CO

uniform, and of exactly the same density 
(a careful balance, chosen to give good 
wear without sacrificing print - making 
quality). You never saw pencil work look 
so good.

Th* Fan With A “Built-In” Inkwell
Here’s your ticket to faster ink work with 
far fewer refills—K&E’s new LEROY Res
ervoir Pen. You’ll be amazed at the mileage 
you can get between refills with this newly 
perfected pen. Its refillable cartridge holds 
enough ink for many hours of smooth, un
interrupted lettering, thus eliminating the 
need for daily cleaning. The pen’s cartridge 
is airtight — made of a non-porous, un
breakable, translucent material. The level 
of ink is always visible, and any non-sol
vent, waterproof India drawing ink can be 
used (for best results and quicker, easier 
filling we recommend the LEROY Letter
ing Ink-Cartridge #2950).

A tiny weighted needle inside the pen’s 
feed tube assures a clear passage of ink 
from reservoir to point. Light vertical 
shaking of the pen activates this needle, 
removing any particles which may have 
settled in the tube when the pen was set 
aside. The needle also provides efficient 
cleansing action when you wash out the 
pen.

LEROY Reservoir Pens are furnished 
in seven sizes, from 00 to 5, for use with all 
LEROY scribers. Ideal for lettering work, 
the points glide easily over paper, cloth or 
film based surfaces, producing sharp, uni
form lines that reproduce crisply.

Order Your LIROY Catalog Now
Other new additions and improvements — 
too numerous to go into here — are de
scribed in the new LEROY catalog. The 
coupon below brings your copy, free.

CIRCLE 132 ON READER-SERVICE CARD
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NEW-CONTINUOUS READING METER RELAY PRODUCTION PRODUCTS

INDICATES AND CONTROLS

RIGHT THROUGH SET POINT Diode Production Machine

Produces 2,000 pieces

BEYOND

GIVES CONSTANT CONTROL
UPSCALE OR DOWN

furnished

The new FCI Self Healing 
Metallized Mylar Capacitors are

/SELF-HEALING 
ETALLIZEd MINIATURE 
MYLAR CAPACITORS

API’s new Continuous Reading Meter-Relay (CRMR) can do a 
diversity of control jobs for you. It will monitor and control just 
about any variable that can be translated to electrical values. It will 
handle low-level microamp or millivolt signals without amplification. 
In many applications, the CRMR’s high sensitivity will permit sim
plification of control circuitry. In any application, it will give 
accurate (±2% or better), non-cyclic control.

The CRMR is simple. It consists of a D’Arsonval meter with 
toggle-mounted contacts; a load relay does the control switching. No 
signal-sampling interrupters are required. Reset is automatic and 
instantaneous.

Reliability? The CRMR is right now in service on such critical 
applications as monitoring radiation level.

Our Bulletin S-2-1 shows how the CRMR works, and gives full 
details on available ranges and prices. The latter, not incidentally, 
are a lot less than you might expect for so versatile an indicating 
control.

CP70 cases, or metal shell cases. 
A typical size is a 4MFD/400 
V DC capacitor in a hermetica ly 
sealed metal shell 
P/s" O. D. by

Type 3438 automatic beading and cat-whisker 
welding machine produces up to 2,000 pieces per 
hr. The lead wire is fed from the spool, is straight
ened, cut-off, and beaded. The cat-whisker wire is 
fed from the spool, welded, cut-off, and formed. 
Operation is fully automatic. The machine is 5 ft 
7 in. high and has a diameter of 4 ft 6 in.

Kahle Engineering Co., Dept. ED, 3322 Hud
son Ave., Union City. N.J.

FCI presents a wide range of 
new metallized mylar capacitors 
employing the principle of self
healing. These capacitors offer 
the ultimate in miniaturization 
and reliability. They can with
stand operating temperatures up 
to 125 °C without derating.

Standard units are available 
up to 600 VDC in any capacity 
desired and have insulation re
sistance of 25,000 megohms per 
microfarad.

Ch«*t«rland 17, Ohio

CIRCLE 133 ON READER-SERVICE CARD

...the ultimate in 
precision self-healing capacitors

CIRCLE 134 ON READER-SERVICE CARD 
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bathtub cases

Transistor Welder 262
Handles 2,000 transistors per hr

This automatic transistor welder uses standard 
key components and can be tooled for dial feed 
or single-point operation. A table 3 x 4 ft accom
modates a standard dry box. An operator, Seated 
at the console and hand-loading a six station dial, 
can produce 2,000 transistors per hr. Dies For the 
projection ring are machined to suit the- job re
quirements from standard spot-welding elec
trodes. The transistor cap and header are vir
tually self-aligning in the dies.

National Electric Welding Machines 'Co., 
Dept. ED, 1846 Trumbull St., Bay City, Mich.

Ultrasonic Cleaning System 260
Is self-adjusting

The SonBlaster Ultrasonic Cleaning System is 
a self-adjusting unit whose only operating con
trol is an on-off switch. Compensations tor varia
tions of liquid-level, operating temperature, and 
changes in work load are automatic. It is now 
available in a 5-gal size.

The Narda Ultrasonics Corporation, Dept. ED, 
625 Main St., Westbury, Long Island, N.Y. 
Availability: Units may be ordered on a six to 
eight week delivery; stock delivery available 
shortly.

FILM CAPACITORS, INC. 
3404 PARK AVENUE • NEW YORK 56, N.Y

A full line of irdustry standard metallized 
paper capacitors are also available



BREAKTHROUGH IN

THE SCIENCE OF

PRESSURE CONTROL

Another of a series of files on 
precision products by ALINCO

DIFFERENTIAL
DC AMPLIFIER

Model 516
• WIDE FREQUENCY RESPONSE

Conveyor Furnace 263
For brazing semiconductor components

Type BAC-12M Humpback Conveyor Furnace 
is designed for controlled brazing of semicon
ductor components. It has an elevated heating 
chamber with inclined loading and unloading 
sections, this insures positive flushing and purg
ing of the assemblies before they enter the heat
ing zone. Operating temperatures of 2,050 F are 
held within critical tolerances through a sat
urable core reactor control system. Dewpoint of 
the atmosphere entering the furnace is controlled 
to insure proper wet-ability of the bonding ma
terial.

C. I. Hayes, Inc., Dept. ED, 896 Wellington 
Ave., Cranston, R.I.

Wire Stripping Machine 264
For AWG 48, 49, 50 and finer

digital-servo 
reliability 
cry stai-determined 
accuracy

• HIGH OUTPUT
• TOTALLY TRANSISTORIZED
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Designed to meet a need for 
a flexible general-purpose dif
ferential de amplifier, the 
ALINCO Model 516 is a solid 
state wide band instrument. 
Chopper stabilized, the Model 
516 features low noise of 14 
microvolts rms over the full 
bandwidth. It has a common 
mode rejection of 130 db at 
de and 90 db at 60 cps. The 
gain factor is continuously 
variable from 10-2000 with 
an accuracy of 0.5%¡overload 
recovery time is less than 1 
second and the chopper inter
modulation 0.1%. Maximum 
output is 80 ma at 10 v. The 
amplifier can faithfully re
produce signals from de to 
40 kc. Available as a single 
channel portable unit, or in 
an 8 channel module for rack 
mounting. Size: 2%"x7"x 
1814". Is ideally suited for 
driving high frequency gal
vanometers from a low level 
source such as resistance 
strain gages and thermo
couples.

This machine is designed for stripping Form- 
var insulation from AWG 50 copper wire and 
enamel from No. 56 Nichrome. It uses two coni
cal Grade 89 fiberglass wheels as abrasive. 
Designated Model 89 TwinCone wire stripping 
machine, the device is suitable for bench mount
ing and can strip wire leads to within 1/16 in. of 
component bodies.

Carpenter Mfg. Co., Inc., Dept. ED, P. O. 
Box 217, Highbridge Road, DeWitt 14, N. Y.

Metal Dust Hoods 265
Filter 0.5 micron particles

IC.
N. Y.

For additional information on 
the Model 516 amplifier or 
for the answer to a specific 
amplifier requirement, write:

ALLEGANY INSTRUMENT CO.
A Division of 

Textron Electronics, Inc.

Cumberland. Maryland 
Regional Sales Offices: 

Palo Alto, Calif. • Washington, D. C.

Called Metal Microvoid, these hoods allow 
dust-free handling of small, delicate assemblies. 
A blower forces room air through a large-area 
filter capable of removing particles as small as 
0.5-micron diameter. Units are supplied either 
with open-front or arm-port panels which are 
air-tight when not in use. They are available in 
a variety of sizes and shapes in both aluminum 
and stainless steel.

Air-Shields, Inc. Dept. ED, Hatboro, Pa. 
Price & Availability: Aluminum models are $350 
without arm ports, $380 with. Delivery time is 
2 to 4 weeks for standard sizes.

WIANCKOS 03700 SERIES
DIGITAL PRESSURE GENERATOR

This system, employing unique digital-servo concepts, provides instant selection of a 
pneumatic pressure accurate to -+0.05 PERCENT.
Pressure in a reservoir is measured and converted to a precision frequency. This fre
quency is compared with a selected reference frequency. If the frequency from the 
pressure sensor is high with respect to the reference frequency, the comparator pro
duces a difference frequency in the form of pulses. These pulses then drive momentary 
exhaust valves until the pressure drops to the pre selected value. When the frequency 
is low, error signals are produced which operate momentary pressurizing valves. The 
Q3700 is the best answer yet to pressure control and calibration problems.

I
* Programming precision pressure / time functions

• Automatic end-to-end calibration of data and telemetering systems

• Rapid calibration of pressure devices

• Ground checkout of instrument and control systems

Regulated 
Pressure

Pressure 
Reservoir

Supply Pressure

Exhaust

Pressure Sensor 
and

Oscillator —•

Frequency

Frequency

Frequency 
Comparator

Crystal-Controlled 
Reference Oscil.lator

For complete information please request Product Bulletin 111

Precision with lasting reliability
255 North Halstead Avenue • Pasadena, California
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PRODUCTION PRODUCTS is ni

REASON FOR SELLING

CIRCLE 137 ON READER-SERVICE CARD

opening doors, and a 1-1/2 access port.

t patents 
pending ma

anc

OUTPUT
1 KV-5 MA
2.5 KV-4 MA
5 KV-2 MA

7 5 KV-1.5 MA
10 KV-1 MA
10 KV-2 MA
15 KV-1.5 MA
20 KV 1 MA

TRANSISTORIZED 
SERIES TRHV

MEASURES ONLY

MODEL NO
1R5-1
2.5R4-1 
5R2-1
7.5R1.5-1 
10R1-1 
10R2-1 
15R1.5-1 
20R1-1

SIZE
4% X 3% X 5% 
47« x 33/4 x 5’/, 
47« x 33/4 x 57, 
43/( x 4 x6 
43/4 x 4 x b 
6’/4 x 47« « 7 7, 
63Z« » 4% x 7'/, 
63/4 x 47« x 7'/,

MINIATURE
AGASTAT

Dual-Chamber Machine

NO ADDED COST! 
RANGE-LOCK built-in 

Overtemperature Protection

FULL FIVE (5) YEAR 
GUARANTEE

compititivily 
PRICED

with Ovens 
utilizing standard 
ON-OFF cycling 

type control 
system

ORIGINALITY 
and 

RELIABILITY

Thermal capacity is 500 BTU per hour. Entire 
unit measures 46 in. high, 46 in. long, and 32 in. 
wide. Power required is 230 v, 60 cps.

Cincinnati Sub Zero Products, Dept. ED, 3930 
Reading Road, Cincinnati 29, Ohio.
Availability: 45 days.

• Small size, light weight
• Excellent thermal and time 

stability
• Sealed construction

Choice saie» torriforiot for Mfg. Rep» tvoilobh 
CIRCLE 139 ON READER-SERVICE CARD

Refrigerates to —100 F

The two chambers of this dual-chamber chil
ling machine can be controlled individually down 
to -100 F. The unit, Model SU2-80-4, is de
signed for testing or processing lines where op
erators are located on both sides of the line. 
Each chamber has two adjustable shelves, full

Ultrasonic Spot Welder 256
Has self-tuning circuit

Designed for joining such components as se ni- 
conductors, printed circuit boards and f )il- 
wound transformers, this ultrasonic spot wel ler 
has a self-tuning circuit which assures weld i ni- 
formity and minimizes need for operator si ill. 
The 100-w generator operates on 60 cps, 115 v. 
Nominal output is 40 kc. An automatic w Id 
tinier is adjustable from 0.1 to 5 sec.

International Ultrasonics, Inc., Dept. ED, 1697 
Elizabeth Ave., Rahway, N.J.

RANGES 
356°F. 

and 

L650 R/

Plastic Molding Machine 269
Air-operated, fully automatic

The Min-matic Model 60AM80 machine is a 
fully automatic, air-operated unit for production 
of items in all thermoplastics up to 3/4 oz. It has 
horizontal clamping with molds 6 x 5-1/8 x 5 in., 
four-tie rod construction, and a normal cycle time 
of two to four per min. Dry cycles are 480 per 
hr. A safety feature automatically opens the mold

ELECTRONIC DESIGN • September 14, 1960

Contacts, switches, relays, photo cells, timing devices, 
amplifiers and similar auxiliary devices FORMERLY 
USED on our equipment. Arcs, burns, flashes and 
breakdowns included at no extra cost.

DEL ELECTRONICS CORPORATION 
331 HOMESTEAD AVI. «MOUNT VERNON N V 

OMINI 9-1OOO

Slicing Machine 267
Cuts semiconductor samples

This slicing machine cuts semiconductor sam
ples as thin as 0.005 in. It cuts nearly piano
parallel sections which are ready for examina
tion; they rarely need final polishing. Samples 
are imbedded in plastic and secured to a mov
able motor-driven stage assembly. Once posi
tioned. the sample is automatically advanced at 
a constant speed through a balanced diamond- 
edged wheel rotating at 6,500 rpm.

Will Corp., Dept. ED, Box 1050, Rochester 3, 
N.Y.

PERFORMANCE CHARACTERISTICS
• STRAIGHT-LINE CONTROL with absolutely no "OVERSHOOT"
• REPEATABILITY throughout entire unit range
• No TRANSIENT VOLTAGES DUE TO ARCING CONTACTS

• • AU solid State
• • Fast response time

• Excellent line and load 
régulation

' P0WER-0-MATIC 60 
MECHANICAL CONVECTION OVENS with 
SATURABLE POWER REACTOR CONTROL and 

PROTECTION
Reliable, Simple, Efficient and ^Economical temperature control 
without Contacts, Switches. Relays. Amplifiers or Auxiliary 
Devices.

The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package:

• Easily adjusted timing ranges as short a« 030 seconds.
• Repeat accuracy of ± 5%.
• Time delay on energizing or de-energizing.
a For DC or AC operation.
• Hermetically sealed or dust-proof housings.

Write today for the full details on the new miniature 
Agastat. Dept. A36-924.

agastat timing instruments
ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 

CIRCLE 138 ON READER-SERVICE CARD

FREE ) It will be our pleasure to 
/ forward, to you upon re 

<!“•»♦. 12 PO3* 
Bulletin No. I960

REGULATED 
HIGH VOLTAGE 

power 
M ¿SUPPLIES

138th and Chatham St., Blue Island, Illinois
BRANCH: BLUE M ENGINEERING COMPANY. 2312 S. Main St., Los Angeles 7, Calif.
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and stops the operation of the machine if the part 
is aot ejected at the end of any cycle.

Newbury Industries, Inc., Dept. ED, Newbury, 
Ohio.

Production Glass Welder
Welds six terminals in 80 sec

This unit welds and seals six anode terminals 
in glass in 80 sec. A built-in atmosphere control 
regulates internal and external atmospheres on 
the anode. A memory circuit automatically se
lects from one station to another. Features of
fered are RF current-meter indicators, and indi
cating lights for the various cycles.

Induction Heating Corp., Dept. ED, 181 
Wythe Ave., Brooklyn, N.Y.
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Molding Compound

Heading a ticket pledged to a platform of Quality and 
Service, TECHNIC happily announces ENTHONE 
as running mate, to distribute the Rhode Island firm’s 
line of superior soluble precious metals.

TECHNIC produces the finest in soluble Gold, Rho
dium, Platinum and Palladium for electroplating.

ENTHONE long has held a position of prestige in 
the metal finishing field.

This progressive team owes much of its success to ex
tensive research programs, which have created many 
new products for the industry, and constantly seek 
improvement in established ones.

Is flame resistant

Resistrac grade 1403 fiber-glass reinforced alum- 
ina-polyester molding compound has high track 
and flame resistance. It is designed to take the 
place of ceramics in electronic apparatus of many 
types. No carbon formation is shown after 400 hr 
of ASTM testing. Impact strength is 3 to 6 lb.

The Glastic Corp., Dept. ED, 4321 Glenridge 
Road, Cleveland 21, Ohio.
Availability: Data and samples will be sent upon 
letterhead request.

Welding Head
For bench mounting

Model 1037 bench-mounted welding head has 
twin ball-bearing races for precise control over 
the placement of the weld. This permits linear 
movement of the upper electrode and eliminates 
electrode wiping action. Preset electrode pres
sure is variable from 2 to 50 lb.

Unitek Corp., Weldmatic Div., Dept. ED, 950 
Royal Oaks Drive, Monrovia, Calif.
Price: $325 fob Pasadena.

Insulation Laminator
For double-coated electrical tape

Type E-10 insulation laminator was designed 
ior use with double-coated polyester film tape. 
Any insulating material may be made pressure- 
ensitive, saving time on the production line. The 
aminator has feed spools for the tape and the 
nsulating material, with a take-up spool for the 
ape separation liner.

Minnesota Mining and Manufacturing Co., 
)ept. ED, 900 Bush Ave., St. Paul 6, Minn.

Confident that our joint 
efforts will be of greater 
benefit and convenience to 
our customers, we welcome
the opportunity to aid in 
the solution of their metal 
finishing problems, without 
obligation to them.

ST 1*6100fine
ao. sox 965 provimnci, i r.i.

7OO1 Na CLARK ST. CHICAGO 2* ILL. ENTHONE
INCORPORATED

442 Elm Street NsvHsvm.Cms
Subsidiary of American Smelting and Refininf Company
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City

Superior Solution to RrtÄ M

p60 coil-formed ring 

the improved
die-formed ring

Mail this coupon today I

RAMSEY CORPORATION
Box Dept. * • St. Levi» 66, Missouri
Without cost or obligation, put my name on 
your Technical Bulletin Service list and 
send your latest Catalog.

Name.................................................—...........----------
Address.......................................................................—

FREE
Technical Bulletin Service 

shows how to solve ¡Ji fS s 
toughest problems!

it takes 2 modern types of retaining rings to solve 
of your retaining ring problems

Z I -AND-

/ l\ only RAMCO has BOTHl

Here ore 66 pages brimming with facts, figures and more than 
75 diagrams, tables, charts and Illustrations, for the first time 
brought together In a single permanently bound book.

Contents Include (1) Application fundamentals, (2) Economics and 
special features, (3) Caro and servicing, (4) A glossary of terms 
and definitions... plus 10 pages of reference material.

NEW Fractional Horsepower Motor Handbook
JUST PUBLISHED... to he/p the machine designer ulwct and 

torvico fractional hompowor motors.

NOW available at $1.00 per copy. Please send cash, check 
or money order only.

BODINE ELECTRIC CO., 2528 W. Bradley Pl., Chicago 18, III.

CIRCLE 142 ON READER-SERVICE CARDCIKU.E 141 ON RbADeR-SfeRVICE CARD

thr power behind the leading products

fractional / ^ortepo
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NEW LITERATURE
Rotary DC Solenoids 274
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Counters 278
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These two four-page brochures, Nos. 
204 and 206, cover size 8 and size 11 
synchros respectively. Engineering data 
in tabular form lists input and output 
voltages, accuracy, shaft configurations, 
sensitivity, resistance, and impedance.

' ‘Prices 
Subject 

notice

FOB Cedar Grove, 
to change without

Induction Motors of California 
Walker Ave., Maywood, Calif.

Data 
Elec

North

ELECTRONIC DESIGN • September 14, 1960

Net Price** 
D 400

S 80.00 S105 00

36873:1. Globe Industries, 
Stanley Ave., Dayton 4, Ohio

Electric reset counters, manual reset 
counters, monodecade counters, prede
termining counters, short counters with 
pushbutton reset, hours-minutes-seconds 
indicators, printing counters, heavy duty 
counters and impulse transmitters in the 
Sodeco line are described in this four- 
page bulletin. Electrical properties are 
tabulated. Landis & Cyr, Inc.. 45 W. 
45th St., New York 36, N.Y.

’400 cps units designated by prefix "F" (ie, TR5F. etc.)

This series of technical data sheets 
covers engineering specifications on time' 
delay relays. Included are typical appli-

ERA’s transistorized Transpacs feature advanced circuit designs and improved 
technical specifications. New features include the incorporation of a special 
current limiter and protective circuitry. The current flow is monitored and 
in the event the load current exceeds a designated value, the current limiter 
reverses the control biases and prevents additional current from flowing. Also 
included in these units is a thermostatic device which registers transistor 
stud temperatures. In the event these temperatures become excessive, the ther
mostatic unit opens the circuit and thus prevents thermal run-away or damage to 
the unit or external circuit
Wired into circuits like other components, Transpacs supply a rugged, reliable 
source of DC power for all types of miniature or standard size electronic devices.

netic modulators are given in this two- 
page data sheet. Included are input and 
output voltages, pulse widths, efficiency, 
environmental information, temperature 
range, altitude, weight and physical di
mensions. Voi-Shan Electronics, 13259 
Sherman Way, North Hollywood. Galif.

Five basic frame sizes of rotary de 
solenoids are illustrated and described 
in this six-page brochure. Detailed spe
cifications, dimensional drawings, typical 
torque characteristics and applications 
are included. A tear-out requirement 
data form is incorporated. PSP Engineer
ing Co., Maywood, Calif.

Time Delay Relays 283

This four-page brochure, No. 359, de
scribes and illustrates the company ’s 
line of solid state time delay relays for 
commercial, industrial and military ap
plications. Marstan Electronics Corp., 
204 Babylon Turnpike, Roosevelt, L.L, 
N.Y.

Closely Rsgulated 

low Ripple Content 

Advanced Thermal Desigr 

Short-Circuit Proof ... 
uutomatk recovery 

Improved Circuitry and 
Transistor Typos 

Thermal Transistor Stud 
Temperature Monitor and 
Automatic Cut-Off 

No Increase In Sice or 
Weight

No Increase In Price

Electronic Component Parts 282

In 36 pages, this catalog lists the 
firm’s lines of terminals, terminal boards 
and strips, banana plugs and other parts 
for military and commercial precision 
products. The catalog also contains basic 
information on laminates, including 
physical and electrical properties of those 
used in terminal boards and special fab
ricated parts. National Tel-Tronics 
Corp., 52 Saint Casimir Ave., Yonkers, 
N.Y.

Models lilted are stock units. 
Special designs also avail
able to customers specifica
tion! Write for literature 
and quotations.

SCR Magnetic Modulators

Engineering specifications for 
firm’s silicon controlled rectifier

cation and ordering information 
are in tabular form. Voi Shan 
tronics, 13259 Sherman Way, 
Hollywood, Calif.

Net Price** 
i 400
i Cos

Case Site
Model Voltage Output 60 400
No. Range______MA Cat Cps

Insulating Resins 79

The firm’s line of epoxy resins is c tta- 
loged in this four-page brochure. Pl si- 
cal, mechanical, thermal and elect cal 
properties are tabulated. Marb tte 
Corp., 37-31 Thirtieth St., Long Isl nd 
City 1, N.Y.

TRANSPAC 
’ Miniaturized

SOLID STATE POWER PACKS
New Short-Circuit and Transient-Proof Circuitry.

Miniature Motors 281

This bulletin. No. 135, describes 7 8
in. diameter permanent-magnet precision 
miniature motors with integral planetary 
gear reducers in 21 ratios from 3.82:1 to

STANDARD MODELS

Input 105-125 VAC. 60 or 
400 cps Input regulation bet
ter than ±0.1%, Output reg
ulation better than ±0 1%. 
Ripple less than 0.05%. All 
semi-conductor designs.

CASE SIZES (WxDxH inch.) 
D-2^x31/iax4V4 
C-2^x2%x3’|U

Laminated Plastics Guide 280

The “Laminated Plastics Selection 
Guide” combines a 12-page manual with 
a quick-reference chart of characteris
tics of 21 common laminate grades. The 
manual includes a description of high
pressure laminates and a discussion of 
their properties and specifications. A 
glossary’ of related terms appears at the 
end. Properties of the firm’s laminates 
are tabulated. The table evaluates the 
firm’s line of laminates under mechani
cal, electrical and general purpose head
ings. Taylor Fibre Co., Norristown, Pa.

ELECTRONIC RESEARCH ASSOCIATES. INC
TWX NJ1 14467 Factory PI Cedar Grove, NJ • CEnter 9-3000

SUBSIDIARIES

Case Size
Model Output Current i0 400
No Volts Mo-Mo x Cps Cps

TRS 5 0-200 ‘ D C $ 70 00 S 95.00
TRIO 10 0 200 D C 70.00 95 00
TR20 20 . 200 D C 70.00 95 00
TR30 30 0 150 0 C 70.00 95 00
TR40 40 0 150 D C 70.00 95.00
TR50 50 0-150 O C 70.00 95.00

TR5A 5 10 0-200
TR10A 10-20 0-200 D C 80.00 105 00
TR20A 20-30 0 150 D C 80.00 105.00
TR30A 30 40 0-150 D C 80.00 105.00
TR40A 40 50 0 150 D C 80.00 105,00
TR50A 50-55 0 150 D c 80.00 105.00
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Phis two-color, 36-page catalog, No. 
rb-106, entitled “Magnetic Laminations” 
describes the firm’s line of EE, EI, F, DU 
and W shape laminations. Formulae, en
gineering data and other information are 
included. G-L Electronics, Camden 5, 
N.J.

The Captivolt line of surge protectors 
for silicon rectifiers is described in this 
four-page bulletin. No. EPD 3135-1. 
Construction information, performance 
characteristic curves and tables are in
cluded. Vickers Inc., Electric Products 
Div., 1815 Locust St., St. Louis 3, Mo.

Isl .nd

4 DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION
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This four-page bulletin, No. 3, de
scribes E-form epoxy pellets. It covers 
the variety of compounds available and 
various epoxy packaging techniques in
cluding encapsulating, sealing, impreg
nating, ruggedizing, potting, end sealing, 
embedding and bonding. Epoxy Prod
ucts, 137 Coit St., Irvington, N.J.

The firm’s line of standard radio in
terference filters is cataloged in this 
four-page publication. A guide for choos
ing the appropriate coil from specific 
electrical and physical requirements is 
included. All-Tronics, 45 Bond St., West
bury, L. I., N. Y.

PUBLISHED
PIONEERS

BY ROME CABLE DIV. OF ALCOA, ROME, N. Y.
IN INSTRUMENTATION CABLE ENGINEERING

281
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Magnets and Memory Planes 286

Three research papers entitled “Trans
mission Electron Diffraction of Alnico

. “Long Term Magnetic Stability of 
Alnico and Barium Ferrite Magnets,” and 
“Miniature Memory’ Planes for Extreme 
Environmental Conditions” are printed 
in this six-page publication. The papers 
were presented at a recent Conference 
on Magnetism and Magnetic Materials. 
General Ceramics Div., Indiana General 
Corp., Keashey, N.J.

Parts Catalog 291

This 252-page catalog contains de
tailed product listings on a wide variety 
of electronic parts and equipment pri
marily for industrial and research ap
plications, including an extensive selec
tion of semiconductor products and 
power tubes for industry and broadcast. 
Electronic Publishing Co., 180 N. 
Wacker Drive, Chicago, Ill.

Magnetic Memory Systems 292

Airborne Power Supplies 287

282
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Two bulletins, Nos. 1494A and 1540, 
each 2 pages, give specifications of the 
firm’s unregulated transformer-rectifiers. 
Models 6RW102YF1A and 6RW162YF1, 
respectively. Both imits are rated at 28 
v, 200 amp. A photo, electrical and me
chanical characteristics, graph and out
line drawings are included. General 
Electric Co., Schenectady 5, N. Y.

These three four-page bulletins supply 
information on the firm’s ferrite devices 
for memory’ systems. A Transfluxor for 
non-destructive readout is described in 
No. 500M1 bulletin. Another bulletin. 
No. 100M1, describes a ferrite aperture 
plate which is the equivalent of 156 
cores. High-speed ferrite cores are de
scribed in Bulletin No. 227M1. Radio 
Corp, of America, Semiconductor and 
Materials Div., Somerville, N. J.

Carbon-Dioxide Cooling
Testing Equipment 293

288

283
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The use of carbon dioxide systems for 
fast cooling and absolute control in en
vironmental testing is described in this 
booklet, form C-7. The firm’s vapor re- 
ycle system of cooling is described and 
llustrated, along with descriptions of 
ive other methods of cooling test charn
iers. Carbon-dioxide cooling and me- 
•hanical refrigeration are compared, 
/ardox Div., Chemetron Corp., 840 N. 
\iichigan Ave., Chicago 11, Ill.

This 16-page folder, No. E(6), de
scribes the firm’s line of laboratory and 
testing instruments. Fully illustrated, it 
contains specifications, application in
formation and prices on six different 
portable potentiometers, two de galva
nometers, an ac and a de null detector, a 
guarded Wheatstone bridge facility, a 
universal radio set and two electrolytic 
conductivity indicators. Leeds and Nor
thrup Co., 4939 Stenton Ave., Phila
delphia 44, Pa.

SETTLED. The American Standards Association has officially’ adopted the 
Jong-used symbol of the» Atomic Energy Commission to warn of the1 presence 
of radiation. The familiar three-bladed propeller (purple) on a yellow back
ground is intended for use on signs at the entrance to rooms or areas where 
sources of radiation are present, on any kind of package containing radio
active materials, on equipment generating radiation, and on material or 
equipment contaminated with radioactive substances.
PROBLEMS, PROBLEMS, PROBLEMS. Electronic engineers have been handed 
more challenges by the government. In the area of intelligence, first there’s 
need for completely new types of sensors and sensor systems for telling what’s 
going on in Russia. Such sensors will be used in satellites as well as in planes 
and watch stations along the borders. Secondly, the Defense Department is 
seeking electronic machines to process the various types of information 
(photographs, electronic reports, translations and such) acquired through 
many sources. And the National Academy of Sciences— National Research 
Council has called for a greatly stepped-up program in oceanography. Specific 
hardware requirements include instruments for measuring radioactivity at all 
ocean depths, direct density measuring devices, precision salinometers and 
echo sounders, turbulence measuring devices, and underwater cameras.
PICK YOUR BAND. According to a recent report issued by the National 
Bureau of Standards, the best frequencies for communicating between earth 
and space lie between 70 and 6,000 megacyles. The actual frequency picked, 
of necessity, will be a compromise involving size of the antenna, beam width 
needed to track, and background radio noise. Up to now, 108 megacycles has 
been the frequency on which many United States satellites have been tracked 
and information relayed earthward.
BUSY SIGNAL? In case anyone should ask you, the average number of daily 
telephone conversations in 1959 was 266 million. Any wonder, then, that you 
often get that telltale buzz when you place a call?
MEDIC-ELECTRONICS. Bridging the gap between medicine and biology on the 
one hand, and physical science on the other, may require a new type of crea
tive scientist who is competent in both fields. Such is the opinion of authorities 
in the field of medical electronic«. One approach calls for a new degree in 
medical engineering to include the following: four years leading to a B.S. 
degree, two years for the M.S., and an additional four years for a Ph.D.
BIG EAR. What’s thought to be the world’s largest receiving antenna will soon 
be put through its paces. Referred to as TAHA (Tapered Aperture Horn 
Antenna), it is 1000 feet long, 500 feet wide, and 250 feet high.
CABLEMAN’S CORNER. The subject of cable testing is an important one. This 
is the phase of production that determines whether or not the cable you are 
purchasing is in accordance with your standards and requirements. In the 
field of electronics and automation, cables are required to suit various strin
gent electrical, mechanical, and/or chemical environments. Many years of 
study and testing have gone into the design of test equipment to be used for 
these critical tests. It is not enough to know that a cable has been tested in a 
manner that is “essentially” the same as the required standard. Slight varia
tions in equipment design or methods of tests can mean the difference be
tween conformance and non-conformance. Make sure the test data you 
receive gives a true picture of the performance of your cable. When you need 
cable, call on a cable specialist. Our number is Rome FF 7-3000, or write: 
Rome Cable Division of Alcoa, Dept. 11-90, Rome, New York.

These new-i items represent a digest of information found in many of the publica
tions and periodicals of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will be forwarded on request.
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revolutionizes 
soldering!

No other solder provides the performance advantages 

of ALPHA Cen-Tri-Core Energized Rosin-filled Solder 

because no other solder is made this way.
ALPHA Cen-Tri-Core s center wire is rosin coated then in
spected visually before an extruded outer sleeve is added. Result? 
Every inch of its "core within a core" construction is filled with
fast-acting, non-conductive flux. Meets federal specifications 
QQS-57IC. Write for details.

When dependability corniti alpha,,® metalsla Lm Calif.: 
2343 SaybrMk Ava.

la Chicago. 1U.: MC Water St., 
Jersey City 4, N. J.

ALPHALOY Carp., 225» S. Laabar St.

Other ALPHA products:
Flux« • Solder Preform* • High Purity Metab
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NEW LITERATURE
RFI Measuring Equipment 294

This four-page bulletin gives complete descrip
tion, applications and specifications of the NM- 
52A radio interference-field intensity measuring 
equipment. Outline drawings are included for 
the power supply, the meter unit, and dipole and 
broadband antennas. Stoddart Aircraft Radio Co., 
Inc., 6644 Santa Monica Blvd., Hollywood 38, 
Calif.

Rotary Switches 295

Ten decimal-to-binary rotary input switches 
are described in this two-page data sheet, No. 
170. In addition to an outline drawing, the data 
sheet includes data on coded switching sequences, 
operating positions, electrical rating, contact ar
rangement and switching mechanism. Micro 
Switch, Freeport, Ill.

Relays 296

This four-page buyers’ guide lists general pur
pose relays, overload relays, time delay types, 
latching and sensitive types, and subminiature 
types, among others. The illustrated bulletin in

cludes details of application, performance and 
specifications of the line of Advance Elgin relays. 
Schweber Electronics, 60 Herricks Road, Mineola, 
Long Island, N.Y.

Synthetic Lubricant 297

This three-page bulletin describes the Penta
lube TP-653-B high temperature synthetic lubri
cant. The bulletin covers typical properties and 
performance against MIL-9236B requirements. 
Data are included for temperature-viscosity char
acteristics, WADC deposition number, spon
taneous ignition temperature and other mechani
cal and chemical standards. Heyden Newport 
Chemical Corp., Market Development Dept., 342 
Madison Ave., New York 17, N.Y.

Stock Nylon Parts 298

This six-page catalog illustrates molded nylon 
parts available from stock molds. Among the as
sortment are bushings, washers, rollers, gears, 
bearings and glides. Several parts designed for 
specific applications are also illustrated. Nylo- 
matic Corp., 136 W. Trenton Ave., Morrisville, Pa.

SaraatM, 
Malta 

ED-9

sweep generators

ASSEMBLED ES-

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and

voltmeters 
volt-ohm- 

milliammeters
LIFETIME smrlss and ealAratlee 
IN STOCK st year Mlshberlwed El 

Saad mw far FREE «stales

OVER 2 MILLION 
EICO instruments in 
use throughout 
the world.

Ready-to-use 
for professional 
and home use

you save 50% 

on Top-Quality 

Test Instruments 
Hi-Fi • Ham Gear 

KITS AND

HI-FI 
steres and monaural 
tuners 
preamplifiers 
!lower amplifiers 
ntegrated amplifiers 

speaker systems

HAM SEAR 
cw transmitter 
modulator-driver 
grid dip meter

33-00 N. Blvd., L. I. C. 1, N. Y.
... praised by the experts 
as BEST BUYS IN ELECTRONICS

send for this

FREE
Electronics 
Catalog

85C

lilt,

CAPACITORS
Dependable operation ent a temper- 
atare raage ef —55C to 4-DSC 
Polarised, won-polarixed, etched, or 
plain fell unit» with impreved shelf 
life characteristics.
BoHetin—GK-0OB0

85C
WET-SLUG

TANTALYTIC
TAh

125C
KSR’ 

TANTALYTIC
CAPACITORS

Completely sealed porous anode pro
vides lowest impedance, per unit 
volume, of any capacitor. From — 55C 
to + 85C operation.
Bulletin—GEA-700SA

l,ssd *P 
SK ts - 

l, «apatiti

CAPACITORS
Offer voltage ratings to 150 volts d-c 
from - 5SC to + BSC; te 100 volts far 
I25C operation. Up to 50% lighter, 
aad 30% smeller.
Bulletin—GEA-6766A

General Electric offers a complete line

EICO

Application versatility and performance reliability highlight General Electric’s complete 
line of Tantalytic* capacitors. Wherever small size, light weight, and superior performance 
are required—in computer, missile, ground support equipment and airborne electronic 
applications—there’s a General Electric Tantalytic capacitor with optimum characteristics 
and reliability. High capacitance, stable operation, low capacitance loss, and low impedance 
—at maximum voltage over wide temperature ranges—are available for your particular 
electronic circuit applications. And the recent addition of a new high-voltage Tantalytic

*Regittarod trade-mark of Genoral Electric Co.
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Magnetic Modulators 299

This two-page data sheet describes the design 
and engineering features of magnetic modulators. 
Engineering specifications are listed. Illustrations 
of separate low and high-voltage sections as well 
as combination units are included. Voi-Shan 
Electronics, 13259 Sherman Way, N. Hollywood, 
Calif.

Linear Encoder System 300

The company’s linear encoded system is de
scribed in this four-page bulletin, No. 318. The 
illustrated bulletin covers the three major units in 
the system, describes the available readout for
mats, and gives general specifications for the 
standard system. Datex Corp., 1307 S. Myrtle 
Ave., Monrovia, Calif.

Winding Machines 301

This 40-page catalog contains complete descrip
tions and specifications on the company’s line of 
winding machines and accessories. Among the 
equipment included in the catalog are toroidal 
coil winders, tape winders and bobbin winders. 
Catalog No. 60 is illustrated. Boesch Manufac
turing Co., Danbury, Conn.

Molded Plastics 302

Laminated plastic molded products are covered 
in this eight-page bulletin. Some of the products 
described are: a slip ring assembly; cable con
nector; brush block; electrical connector; missile 
segment, and a bus bar insulator. The illustrated 
bulletin gives mechanical and electrical properties 
of various products. Formica Corp., 4612 Spring 
Grove Ave., Cincinnati 32, Ohio.

Miniature Ball Bearings 303

This four-page catalog describes the RMB line 
of miniature ball bearings. Designated catalog 
No. 2-E-l, it covers dimensional data, load fac
tors, ball sizes and weights of sealed and open 
radial, flanged radial and pivot type miniature 
ball bearings. Landis & Gyr, Inc., 45 W. 45th St., 
New York 36, N.Y.

Telemetry Subcarrier Oscillator 304

A self-commutating telemetry subcarrier oscil
lator is described in this two-page bulletin. Speci
fications include: input and output characteristics; 
over-all system characteristics; power require
ments; environmental characteristics, and physical 
characteristics. Electrosolids Corp., Solidtronics 
Div., 14751 Keswick St., Van Nuys, Calif.

actual s it

I ▼F
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Ultra high-speed, compact, rugged and completely reliable. 
These are the advanced features of CAMBION’S® new bi
stable multivibrators. Available now in prototype quantities, 
these macromodule flip-flops have a superior frequency re
sponse — DC to 10 MC. They weigh only 9 grams, are .35 
cubic inches in size and operate over a wide temperature range. 
The 12 volt logic provides a superior level output capable of 
driving many related circuits. The standard 7-pin base design 
permits easy insertion for prototype work and programming. 
For complete details on these exciting, new components, 
write, wire, OR phone: Computer Components Division, 
Cambridge Thermionic Corporation, 457 Concord Avenue, 
Cambridge 38, Mass. TRowbridge 6-2800.

CAMBRIDGE THERMIONIC CORPORATION

Th* guaranteed electronic components *
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Just 
published 
by KODAK

elf

SOLID
TANTAL YTIC

HIGH-VOLTAGE
TANTALYTIC
CAPACITORS

125C
CYLINDRICAL
TANTALYTIC
CAPACITORS

Smaller, lighter single-case design for 
I25C operati»«». 10 tu 150 volts, polar 
or non-polar; ratings to 7750 vof. Sp« 
crai units available for 306 2000 cps. 
BvlUtin—GEA-7085

Ratings to 300 volts at 85C; to 250 
volts at 125C. Capacitance: from 0.15 
mid. to 35 mid., both polar and non
polar. Maximum stability, low capaci- 
tanc» change.
Bulletin—GEA-7065

APACITORS
nfl size, to .003 co. in., stable 
tmrting characteristics, long shelf 
Mid operating temperatures from 
55C to +85C; ratings to 50 volts 

I, capacities to 22 mid.
kti»—GEZ-2796A

If you ore working with infrared-actuated devices, you need this 

new Kodak folder, Kodak Ektron Defectors. It tells what you need 
to know about types and availabilities of these photosensitive 
resistors.

ie of TANTALYTIC CAPACITORS

Jete 
mce 
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itics 
mce 
ular 
ytic

capacitor has expanded the application versatility of General Electric’s Tantalytic line, 
representing G-E efforts to meet the electronic industry’s need for constantly improved 

rat ngs and performance from smaller, lighter capacitors.
For complete application and specifying information, contact your G-E sales repre-

There are curves for the six different depositions available in 
Ektron Detectors that give specific responsivity and detectivity 
(signal-to-noise ratio) against wave length. Also description of 
physical forms available and a quick summary of basic effects.

To get your free copy, write to Special Products Sales,

•en tative, or write for the bulletins indi- 
cat‘d above to General Electric Co., 
Sec :ion 449-17, Schenectady 5, N. Y.

Tigress k Our Most Important Product

GENERALELECTRIC
EASTMAN KODAK COMPANY
Rochester 4, N.Y.
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NEW LITERATURE
305

standards

306

307

Doped Gold Wire

communicates ideas for ACTION

Insulating Washers and 
Trimmer Capacitors

We select military and commercial standards of interest to the 
electronic design engineer and brief them in the Standards & Specs 
Section. Another service that saves you time and keeps you up to 
date on the latest design developments.

This bulletin, No. CW, illustrates and 
describes the firm's lines of 3000 wvdc 
coaxial trimmer capacitors and insulating

washers for commercial, industrial aid 
military applications. Mars tan 1 ec- 
tronics Corp., 204 Babylon Turnj ke 
Roosevelt, L.I., N.Y.

The Series SF-60 short form catalogs 
consist of three catalogs describing, illus
trating and tabulating specifications on 
microwave products. The catalogs de
scribe* the firm’s semiconductor products, 
their microwave components, and their 
microwave tubes and devices. Microwave 
Associates, Inc., South Ave., Burlington, 
Mass.

CIRCLE 151 ON READER-SERVICE CARD
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This technical bulletin, “Handbook of 
the Alloyist,” describes the properties, 
applications and advantages of several 
groups of alloys used in the electronic 
industries. H. T. Porter Co., Inc., River
side, N. J.

We supply high-purity Gold Wire, accurately 
doped by the addition of Group 111 or Group 
V doping agents such as; Gallium, Antimony, 
Indium, Arsenic, Aluminum. Where required, 
objectionable impurities are held to extremely 
low levels. For example, Copper and Silver 
can both be kept below a few parts per mil
lion. Customarily supplied in sizes .00V’, 
.0015", and .002"; other sizes, larger or 
smaller, are also available.

Motor-Tachometer Generator 08

This data sheet, No. 6204-01, i us
trates a size 8, precision, high-temp ra
ture motor-tachometer generator ind 
tabulates electrical, mechanical md 
physical characteristics. An outline di iw- 
mg, a schematic, and torque curves are 
included. John Oster Manufacturing Co., 
Avionic Div., I Main St., Racine, W isc.

Infrared Detectors 309

This four-page publication, “Kodak 
Ektron Detectors—for the Infrared.’ il
lustrates and describes characteristics of 
the firm’s various infrared detectors. 
Response and signal-to-noise ratios are 
graphed, and basic applications are de
scribed. Eastman Kodak Co., Rochester 
4, N. Y.

METALS and ALLOYS
for use in conjunction with

Semi-Conductor Products

Microwave Componentsmummnimm

^nmm^m^mnm^i^n

ELECTRONIC DESIGN
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Copper-Clad Laminates 310 Acceleration Recorders 313

il aid
1 ec- 

nl ke,

Technical information on copper-clad 
laminates is given in this four-page 
data sheet, No. 8-1 A. Physical, mechani
cal and electrical properties of the lam
inates are included in tabular form. 
Taylor Fibre Co., Norristown, Pa.

08
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Automatic Circuit Printer 311

A precision, automatic screen printer 
for high-speed production of printed 
circuit boards is described in this 6-page 
illustrated bulletin. Operations and ap
plications of the machine are described. 
Wyrco Projects, Inc., 66 Main St., Bing
hamton, N. Y.

This four-page brochure describes and 
illustrates instruments recently added to 
the firm’s line of acceleration recorders. 
Four 3-directional and a 1-directional 
instrument and various accessories are 
included. Impact-O-Graph Corp., 1900 
Euclid Ave., Cleveland 15, Ohio.

Mobile Tape Recorder 314

309
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Rotary Switch Terminals 312

This four-page bulletin, No. DD-5, de
scribe the firm’s Model 3116 mobile tape 
recorder. The instrument is designed as 
the equivalent of a laboratory system in 
a 60-lb mobile package. The literature 
includes illustrations and specifications 
of the instrument. Minneapolis-Honey
well Regulator Co., Industrial Systems 
Div., 10721 Hanna St., Beltsville, Md.

2 AXIS ACCELEROMETER

INERTIAL 
QUALITY

This bulletin, No. 20, describes the 
different types of quick-connect termi
nals used on the firm’s Type P 10-amp 
rotary switch. Photographs, dimension 
drawings, electrical ratings, mounting 
styles and contact diagrams are in
cluded. Electro Switch Corp., King Ave., 
Weymouth, Mass.

Engraving and Stamping 315

This brochure illustrates and describes 
engraved and stamped materials such 
as engraved dials and instruction data 
plates. Stencils for chassis marking are 
also shown. J. S. Packard, Inc., 200 
Hudson St., New York 13, N. Y.

Highly precise and accurate, Kearfott two-axis accelerometers are pendulous 
devices which sense airframe acceleration forces acting on them.
An inverted pendulum utilizing a unique Hooke’s joint suspension displaces 
as a function of acceleration in either of 2 axes. An AC pickoff signal is 
rectified and applied to voice coils restoring the pendulum to null. The DC 
required for restoration is proportional to acceleration. Typical character
istics for these units include range of =t 25 g’s, scale factor of 5.0 ma/g, 
linearity of ±= 0.005% and threshold of 2 x 107 g’s.

KEARFOTT DIVISION
Little Falls. New Jersey

GENERAL PRECISION. INC.
Other Divisions GPL.L'brascope Lmk
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one reliable source for all your
clip, block and
HARNESS STRAP

ADEL offers the widest variety of LINE 
SUPPORTS in the World ... 19,000 different 
types and sizes for safe, vibration-free, 
positive support in all types of aircraft, 
missiles, rockets, ordnance, automotive and 
original equipment of all kinds.
SAFETY ... FLEXIBILITY ... DURABILITY ... 
ECONOMY ... SERVICE FITTED ... SERVICE 
TESTED ... SERVICE APPROVED
Illustrated are but a few of the World's most 
complete line of Line Supports that meet 
or exceed all applicable specifications and/ 
or requirements. Whatever the application - 
STANDARDIZE ON ADEL-the leader in 
completeness of line, service and reliability.

L

needs!

L PRECISION 
PRODUCTS

—SPECIFICATIONS ARE AVAILABLE TO AIRCRAFT, 
MMWgwMHi MISSILE AND ORIGINAL EQUIPMENT MANUFAC- 
-«U_ TURERS . . . WHAT ARE YOUR REQUIREMENTS’

Direct inquiries tc Huntmgtun Division
| 1444 Washington Ave Hunt ngton 4. W v rgima
1 DISTRICT OFFICES: Burbank * Mineola

Dayton • Wichita • Dallas • Toronto

CIRCLE 152 ON READER-SERVICE CARD
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UNION STATION BUILDING • ERIE, PENNSYLVANIA 
CIRCLE 154 ON READER-SERVICE CARD

BLILEY
CCO-7G

This 100 kc plug-in package, Model 
CCO-7G, combines a high precision 
sealed-in-glass quartz crystal with 
integral temperature control and 
transistorized circuitry.
Designed to deliver 100 kc output with 
stability of 2 parts in 10 million over 
ambient temperatures from 0°C. to 
50 C. With fixed ambient conditions 
and voltage regulation, stability of one 
part in 10 million can be realized.
The standard unit requires 27 volts de, 
12 ma for the oscillator and 27 volts, 
ac or de, 10 watts for the crystal oven. 
Package size, excluding octal base, 
is 2" x 2" x 47h;".

BULLETIN NO. 520 AVAILABLE

BLILEY ELECTRIC 
COMPANY

1551960



Solid State Devices 19

Punched Tape Programer 320

Relay Catalog 317

321Switch Catalog

318Markers and Signs

H” Belays

EL C

This multi-colored, 24-page catalog 
describes electrical markers, numerals, 
letters, and identification signs. North 
Shore Nameplate Div., Anodyne Inc., 
214-27 Northern Blvd., Bayside 61, N.Y.

In this catalog the relay fines of over 
20 manufacturers are fisted with de
scriptions and prices. A thumb-indexed 
table of contents is included. Relay Sales, 
Inc., Box 186, West Chicago, Ill.
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Heart of the Control System

DIAMOND
PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE!

Look into the heart of the control system for a missile, a 
computer, a nuclear submarine, or a great many other critical 
applications. You might be surprised how often you’ll find 
“Diamond H” relays.

Unless, of course, you’re one of the increasing number of 
engineers who’ve already selected “Diamond H” relays for a 
spot where they just have to work despite all sorts of adverse 
conditions.

Hart makes relays of three basic types: miniature, hermeti
cally sealed, aircraft-missile relays (Series R/S); high speed, 
sensitive, polarized relays (Series P), and general purpose AC, 
DC relays (Series W).

Technical literature outlining the wide range of characteris
tics available with each type relay is yours for the asking. You’ll 
find “Diamond H” engineers uncommonly adept at working out 
a variation of the basic designs to meet your set of specific 
requirements.

Tell us your needs ... by phone, wire or letter.

TT A "D^F MANUFACTURING 
THE XlXXXV X COMPANY

210 Bartholomew Ave., Hartford 1, Conn.
CIRCLE 155 ON READER-SERVICE CARD
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NEW LITERATURE

Tape Search Control System 316

This two-page data sheet, No. ZA-821, 
describes the operation and suggests ap
plications of the type ZA-821 tape search 
and control system. The equipment de
scribed uses a time code detection tech
nique in conjunction with a type ZA-801 
time code generator. Electronic Engi
neering Co. of California, 1601 E. Chest
nut Ave., Santa Ana, Calif.

Solid-state devices, instruments, ind 
components for commercial, indus rial 
and military applications are illustr ted 
and described in this bulletin, No. PL. 
Marstan Electronics Corp., 204 Bab; Ion 
Turnpike, Roosevelt, L.I., N.Y.

This two-page data sheet describes the 
firm’s model TP-860 eight-channel, time- 
base punched tape programer. Elec
tronics Engineering Co., Anaheim Elec
tronics Div., 1601 E. Chestnut Ave., 
Santa Ana, Calif.

Technical engineering data and order
ing information on snap-action switches 
are contained in this catalog. Enclosed 
and open stack switches for precision 
applications are included. Cherry Elec
trical Products Corp., 1650 Deerfield 
Road, Highland Park, Ill.

SNRfSlIDE f

UNDER ARMY-NAVY STANDARDSAPPROVED

wain f

è DIMCO-GRAYJ

Dayton, Ohio201 E. Sixth Street

Here's a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yet allow quick removal for 
inspection or repair. Instant snap action en
gages or releases fastener ... no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re
peated use.

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied.



Wilding Transformers 322
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This two-page bulletin, No. 162-B01, 
describes a series of tapped-winding 
transformers intended to supply stand
ard-voltage power from an off-standard 
line. Physical and electrical specifications 
are included. Acme Electric Corp., Cuba, 
N.Y.

Potentiometer Transducers 325

This four-page bulletin gives specifica
tion data for six potentiometer trans
ducers as applied to pressure, motion, 
altitude, weight, flow, indicating, record
ing, systems and controlling. H. E. 
Sostman & Co., 426 E. Lincoln Ave., 
Cranford, N. J.
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Semiconductor Microforms 323

This four-page bulletin on precision
purity microforms for semiconductor and 
electronic production describes high- 
purity spheres, discs, dots and washers.
Anchor Alloys, Inc., 968 Meeker 
Brooklyn 22, N.Y.

Ave.

Brazing Preforms 326
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High-Impact Phenolic Parts

This four-page editorial reprint,

324

“De-
signing High-Impact Phenolic Molded 
Parts,” presents 12 design rules for re
ducing cost, based on industrial experi
ence with fiberglass-reinforced phenolic 
resins. Tables giving mechanical data of 
the phenolics are included. Durez Plas
tics Div., Hooker Chemical Corp., North 
Tonawanda, N. Y.

Design considerations and examples of 
metal joints suitable for using brazing 
preform are considered in this 20-page 
booklet, “Designing for Preforms.” Dis
cussions of varying preform shapes and 
materials for specific applications are in
cluded. A section considers applications 
of preforms in the electronics industry. 
Lucas-Milhaupt Engineering Co., Cud
ahy, Wis.

i

Multiplexer 327

This four-page brochure describes the 
Radiplex 89 low-level Multiplexer. Oper
ating specifications and applications are 
included. Radiation Inc., Melbourne, 
Fla.

PARAfORMEI
FLAT 
SIDE 

WALLS

Spira/ Wound

PAPER TUBES
Speed and Improve
COIL WINDING

SHARP 
SQUARE 
INSIDE 

CORNERS

SMALL 
OUTSIDE 
CORNER 
RADIUS

SPIRAL WOUND 
Not Die Formed

ANY SIZE-SQUARE OR RECTANGULAR 
Paraformed paper tubes simplify coil winding 
operations and speed production, yet cost no more. 
In the exclusive Paraform method of tube 
making, no artificial heat or pressure is used— 
Paraforming takes place at the time of spiral 
winding. Hi-Dielectric. Hi-Strength. Kraft, Fish 
Paper, Acetate, Red Rope or any combination 
wound on automatic machines. Produced from 
stock arbors or special sizes engineered for you. 
Can also be supplied in regular or with slight bow.

• No sharp outside edges 
to cut wire

• No need for wedges to 
tighten wire

• Permits winding coils 
to closer tolerances

• Has full rigidity and 
physical strength

• Allows faster stacking 
of wound coils

ParamountPAPER TUBE CORP.
608 LAFAYETTE STREET, FORT WAYNE 2, INDIANA

Manufacturers of Peps lobing for the Electrical lodostry Sime 1931

Write ea rompaoy 
loft er head for 

STOCK ARBOR LIST 
OF OVER 2000 SIZES

Specifically designed for missile 
applications, these Kearfott 
miniature gyros are available 
with short term drift rates 
of 0.01p/hr. Their outstanding
accuracy and performance make them 
superior to any comparably-sized 
units on the market. Wide angle 
displacement gyros with high torquing 
rates for “strap-down” applications are 
also being produced. Performance 
characteristics that are even more prec
can be provided within the same dimensions.

GENERAL PRECISION. INC.
Other Divisions. GPL. Librascope. Link

KEARFOTT DIVISION
Little Falls. New Jersey

CIRCLE 158 ON READcR-SeRVICE CARD

THERE’S A BIRTCHER RADIATOR FOR MOST TRANSISTORS!
Birtcher transistor radiators for most sizes of transistors permit you to 
get up to 25% to 27% better output efficiency. You can now either in
crease your input wattage up to 27%, or eliminate up to 27% of the heat 
with Birtcher radiators.

and thermal runaway is prevented!
To assure circuitry reliability ... specify Birtcher 
radiators. Birtcher qualification tests conducted un
der MIL standards prove these performance results.

FOR CATALOG and TEST REPORTS write: THE BIRTCHER

Sales engineering 
representatives in 

principal cities.

CORPORATION
745 S. Monterey Pae* Rd. 
Monterey Park, Calif.
ANgelu* 8-8584

industrial division

CIRCLE 159 ON READER-SERVICE CARD
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YOU HAVE TO BE THE 
BEST TO STAY ON TOP

DEPT.

In every industry there’s a leader 
that earns and maintains its posi
tion through its ability to produce 
a better product than its com
petitors.

Samples catalogs prices available on request

R ELECTRONICS CORP.

AVE. • CLIFTON, N. J. • GRegory 2-2500 
CIRCLE 160 ON READER-SERVICE CARD

ELECTRON GUN MOUNTS v

Superior Electronics Corporation, 
oldest and largest exclusive manu
facturer of electron gun mounts in 
the world, continues to hold this 
position of leadership through 
consistent and complete applica
tion of its talents and skills in elec
tron gun mount research, engi
neering and production techniques. 

For standard gun mounts, proto
types or special purpose mounts 
for any application call on Supe
rior Electronics Corporation.

NEW LITERATURE

Digital Data Plotting 328

This eight-page brochure, No. 
DP6001, describes the Dataplotter, its 
accessories, and its capabilities in con
verting digital computer outputs into 
chart, graph or mechanical-drawing 
form. Electronic Associates, Inc., Long 
Branch, N.J.

Push Button Switch 329

This one-page data sheet, No. 5500, 
gives electrical and mechanical specifi
cations and dimensional diagrams for the 
Series 5500 momentary-action push-but
ton switches. Donald P. Mossman, Inc., 
Brewster, N.Y.

Tantalum Capacitors 330

This four-page catalog, No. 215/B2.1, 
gives technical and engineering informa
tion on Aerotan solid tantalum capaci
tors. Curves and reference tables are in
cluded. Aerovox Corp., New Bedford, 
Mass.

Air Dielectric Coaxial Cable 31

This four-page, two-color, illustr ted 
bulletin describes aluminum sheat ied 
air-dielectric coaxial cable which caí be 
bent into a variety of shapes and co¡ fig
urations. American Tube Bending X, 
Electronics Div., P.O. Box 1841, 5 I tw- 
rence St., New Haven, Conn.

Instrumentation Tape Recorders < 32

A 16-channel, digital, magnetic-tape re
corder, Model PS-216-D, is describee in 
this two-page catalog sheet, No. 58. 
Specifications and illustrations are in
cluded. Precision Instrument Co., 1011 
Commercial St., San Carlos, Calif.

High-Speed Computer

A high-speed digital computer, Model 
PDP-1, is described in this four-page 
folder. Speed, memory size and access 
time, programming features, input-output 
equipment, instruction format, instruc
tion list and prices are included. Digital 
Equipment Corp., Maynard, Mass.

AC/DC RATIO STANDARD
For those who require an AC/DC RATIO STANDARD in a 
single package, Gertsch offers its Models 1001 and 1002. 
Like all GERTSCH RATIO STANDARDS (1000 Series), these 
units feature: heavy duty instrument switches, transient 
suppression, AC Ratios up to 1.11111, bold in-line readout 
and extra-heavy mechanical construction to insure TRUE
STANDARDS PERFORMANCE.

AC
Linearity:

Resolution:

1 part per million 
(0.0001%)
6 Place (0.0001%)

DC
10 parts per million 
(0.001%)
6 Place (0.0001%)

Information on 
AC Ratio Standards in the 

GERTSCH RATIO STANDARDS SERIES, 
Models 1000, 1003 and 1004, is also available.

• ONLY ONE MOVING PART 

in this 
New Pressure-to-Voltage System
A stiff metal diaphragm is the only 
moving part in this new Ultradyne 
DCS-4 DC/DC pressure transducer 
package. It gives you all the advan
tages of a variable-reluctance trans
ducer without the disadvantages of AC 
transmission. Write, wire or phone for 
complete specifications and applica
tion data.

GERTSCH PRODUCTS. Ine.
—Gertsch—

ULTRADYNE
INCORPORATED

9.0. BOX 3309 ALBUOUEBOUE. MEN 9EXIC0
of The Condec Group
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Stepping Relays

A stepping relay designed for count
ing. scanning and information storage is 
described in this two-page data sheet. 
Electrical and mechanical ratings and 
dimensional drawings are included. 
Artisan Electronics Corp., 171 Ridgedale 
Ave., Morristown, N. J.

pressed sheet mica over natural mica. 
Data on grading and classifying types, 
properties and processing of natural 
mica is included. Insulation Manufac
turers Corp., 565 W. Washington Blvd., 
Chicago 6, Ill.

Transistorized Instruments

Transistorized power supplies, de to 
de voltage regulators and a transistor 
checker are described in this two-page 
catalog sheet, No. SF1259. Specifications 
and prices of the instruments are in-
eluded. Valor Instruments, Inc., 
Crenshaw Blvd., Gardena, Calif.

This four-page bulletin, No. GEA- 
7065, describes light-weight, high-voltage 
tantalytic capacitors for 85 and 125 C 
applications. Mechanical and electrical 
specifications, performance characteris
tics and curves for the capacitors are 
included. General Electric Co., Capaci
tor Dept., Irmo, S.C.

333
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Compressed-Sheet Mica

This 24-page catalog, No. 26, 
technical information on mica
plates, flexibles and flexible combina
tions, micapaper rolls, sheets and tapes, 
as well as fabricated parts made to cus
tomer specifications. A section of the 
catalog outlines the advantages of com-

A mono^filament subminiature wire 
strain gage and a similar strain insert, 
with insulated lead ends to aid in align
ment, are described in this four-page 
bulletin. Line drawings, tables and 
graphs supply operating data. Baldwin- 
Lima-Hamilton Corp., Electronics & In
strumentation Div., 42 Fourth Ave., 
Waltham 54, Mass.

Available in both conventional and gimbal mounted configurations, 
these synchros provide component accuracies of 20 seconds of arc oi 
better. They permit RMS accuracy for 3 unit strings of better than 
0.75 minutes. Specifically designed for precise data transmission 
in missile-borne applications, these components eliminate the need 
for 2 speed servos and complex electronics, provide increased 
reliability and marked improvement in over-all system performance..

KEARFOTT DIVISION
Little Falls, New Jersey

GENERAL PRECISION. INC.
Other Divisions GPL. Librascope Lmk
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TEST RELAYS FASTER, MORE ACCURATELY, WITH EECo’s ALL-NEW

RELAY
TESTER

NOW! NEW LOWER
PRICED COIL FORMS
Interchangeable with industry standards
Thermosetting epoxy cement permanently positions collars and lugs to withstand
severe shock under high temperature (250°C). Available in any lug configuration. 
Completely rustproof and moisture resistant. Ceramic conforms to Grade L5 JAN-1-10 
silicone impregnated. Lightweight aluminum bushing. Silicone fibre glass washers. 
Unique built-in dependable tension device guarantees vibration-proof, smooth 
tuning. Nickel-plated partsconform to MIL-P-5879 
QQ-N-190. Diameters: .205, .260, .375, .500.
Frequencies: .1-1.5 me, .5-10 me, 10-30 me, 
30-50 me, 30-150 me, 50-200 me, and brass slugs. 
Write for quotes and bulletin CF-860.

ALSO AVAILABLE IN EXCLUSIVE RIBBED DESIGN 
CIRCLE 163 ON READER-SERVICE CARD
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Where knowledge of relay performance is 
important to your operations, here’s one 
of the most valuable aids ever devised.

It’s EECo’s Model RT-905, latest im
provement on the most successful line 
of relay testers ever made available.

Measures voltage and current simultane
ously,both pull-in and drop-out. Measures contact resistance, coil resistance, 
insulation resistance, pull-in and drop-out time, contact bounce. Automatic 
relay driving circuitry. Oscilloscope connections and appropriate circuitry.

Write for data sheet, and turn over your relay troubles to an EECo RT-905.

Anaheim Electronics Division
Electronic Engineering Company of California
1601 East Chestnut Ave.»Santa Ana,Calif.»Kimberly 7-5501 »TWX:S ANA5263

CIRCLE 165 ON READER-SERVICE CARD
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= 7.957 X 105 ohms

Ne = fteSince
where f = frequency of oscillation
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Circuit Sets RC Time Constant 
Equal to Tuning Forks

For a decaying oscillatory system

In order to have a convenient, decade reat ing 
of Q, the numerical equality

gel 
sec

j

<>p<

The oscillation decay time, te, can be set e ual 
to the time constant of an RC circuit, or

cei 
sin 
a (

For f = 400 cps,

109

should hold true, where Cp. = capacitance in 
microfarads.

It follows from Eqs. 5 and 6 that

t,= T = RC, 
Equating, Eqs. 3 and 4 yields 

Q = ir fRC

(2) 

and te =

cM(id3) 
and therefore

Q = T N. (1)
where Q = figure of merit and Ne = number of 
cycles in v hich the amplitude decreases by a 
factor of 1/e,

IDEAS FOR DESIGN
Get $10.00 plus a by-line for the time 
it takes you to jot down your clever 
design idea. Payment is made when 
the idea is accepted for publication.

Visual Display Helps 
Determine Tuning Fork Q

O
BTAINING the Q of a tuning fork can be 
an easy process if the fork’s transient, rather 
than its steady state response, is considered. This 

is done with the circuit of Fig. 1, which deter
mines Q with the aid of a visual display of the 
fork’s transient decay pattern. It replaces the 
cumbersome, conventional method which meas
ures the tuning fork’s response at its resonant 
and half-power frequencies. Since the Q’s varied 
from about 600 to 3500, this method requires 
both critical adjustments and a good deal of time.

r (4 X 102)
and is accurate to 0.5 per cent for 397.5 cps 
> f > 402.5 cps, which was the range of inter
est. Obviously, for other applications, the resist
ance could be adjusted for various frequencies.

With Si A and SiB closed (the normal position). 
Fig. 1, Ci is applied to TF, whose amplified out
put, et, is imposed on channel A of the oscillo
scope and the primary of 1\. Voltage e3, the 
rectified output of Ti is applied across the 
[Rf Rin/(Rt + R4JC network, and displayed on 
channel B of the oscilloscope. After adjusting ei 
to the rated valve of TF, the zero traces of chan
nels A and B are superimposed. With Ci applied.

wl 
R( 
of 
tei 
rei 
W 
foi 
3 i 
ac 
Fi, 
SU] 
fai

Fig. 1. Q-measuring circuit displays tuning fork s decay tran
sient. The actual time constant is determined from the value of 
the capacitance C

Fig. 2. Oscilloscope patterns for different values of capacitor C. 
In practice R is held constant and C is varied, until rectified and

de

FAST SWEEP

alternating waves are lined up as in pattern (c).
CIRCLE 166 ON READER-SERVICE CARD ►
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Fig. 3. This oscilloscope (slow 
sweep) pattern results when tun
ing fork is unbalanced (tines are 
at two différent frequencies).

the maximum traces of e> and are adjusted, 
with the channel amplifier sensitivity controls, 
for congruency.

Time Constants Equalized 
By Scope Display

Pushing down Si (A and B), which is a dpst, 
normally-closed, spring-loaded, push-button 
switch, will produce any one of the three oscil
loscope patterns, shown in Fig. 2. The pattern 
displayed depends on the setting of capacitor C.

Pattern (a) results when RC < tr, or when the 
capacitance of C is too small. Pattern (b) results 
w hen RC > t,, and pattern (c) is produced when 
RC = t,. The fast sweep patterns are, of course, 
of exponentially decreasing amplitude. The pat
terns are a comparison of the decay time of the 
resonant system versus that of the RC-network. 
When pattern 2c is obtained, the Q of the tuning 
fork is equal to the decade capacitor setting (to 
3 significant digits) times 1,000. It was found, in 
actual operation, that the fast sweep patterns of 
Fig. 2 give greater resolution (the zero can be 
suppressed) and consequently reduced operator 
fatigue and reading error.

Another advantage of this system is that it 
displays any fork unbalance (that is, two adja
cent resonant peaks in its transfer function) as a 
sinusoid envelope of the ac decay pattern. Such 
a case is shown in Fig. 3.

The resistor Rt, which is actually a frequency 
scale-factor adjustment, must be computed to
gether with the input impedance of the oscillo
scope. That is

11 = 7.957 X 105 ohms =
Rt + Rin

icitor C 
ied and

CARD ►

1960

Platen tilts to convenient writing angle. Widest range chart speed... push-button 
selection through 0.1 mm ¡sec to 500 mm ¡sec.

Entire channel easily accessible and completely 
interchangeable as single unit.

WESCON! ISA!
NEC! NEREM!

See it... Try it. 
at the Shows

Here's why the NEW AO 
TRACE-MASTER is the 
world's finest 8-channel 
direct writing recorder!
American Optical Company, famous for precision instrumentation for

138 years, introduces an electronic direct-writing recorder of unique 
design, in which ultra-precise electromechanics has been combined

with advanced electronics to

Finest Writing Method Ever
Unique direct-carbon-transfer writing 
method. Trace is uniformly black and up 
to four times thinner than that made by 
any other recorder. Minute variations in 
phenomena measured are more faithful, 
meaningful. Carbon trace cannot fade... 
may be easily reproduced.

Finest Frequency-Amplitude Performance
. TRACE-MASTER'S multiple-feedback 

wide-range Driver circuitry, combined 
with the advanced pen-motor design, pro
duces wider frequency response at larger 
amplitudes than any other recorder. 
TRACE-MASTER response is flat—with
in 1%—from de to 110 cps at 40 mm!
Band Amplitude Product (i.e. Bandwidth 
times Amplitude) is 5600...140 cps (3 db 
point) x 40mm! ’

Finest Chart-Drive Facilities
TRACE-MASTER provides widest chart
speed range...0.1 to 500 mm/sec...of 
any direct-writing recorder! Convenient

achieve truly superior performance.

push-button selection. Take-up reel auto
matically stores full 1000 ft. record. Writ
ing table tilts for easy chart annotations. 
Guide rails permit quick, easy paper-roll 
changes. Low cost chart paper makes prac
tical protracted recording at high speeds.

Finest Resolution, Linearity, Stability
Thin carbon trace (thinner by 4 to 1 over 
most recorders) and high Band Amplitude 
Product (higher by 6 to 1 over other re
corders) provide up to 24 times the re
solving power or ability to detect short, 
sharp variations in the record. The su
perior linearity (±1%) and stability in 
rectilinear presentation permit full use of 
this unexcelled resolution.

Finest Systems Oriented Comparability
Fully transistorized circuitry...application 
of combined de level and signal multiple 
feedback...complete interchangeability of 
modular signal-conditioning elements... 
are some of the features that make the 
AO TRACE-MASTER the world’s finest 
8-channel direct writing recorder.

Rt can be a variable resistor, calibrated in 
operating frequency, should this system be ap
plied as a Q-meter for a large frequency range. p

This method of Q measurement is difficult to 
apply for Q < 200. The decay time, te, is too । 
¡ast for an accurate reading. However, this 
doesn’t present any difficulties, since resonant j 
ystems with Q < 200 can be easily measured by | 

Hie orthodox methods. |
Walter Plywaski, Engineer, The Martin Co., | 

Denver, Colo. L
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WRITE, WIRE, TELEPHONE TODAY 
FOR COMPLETE INFORMATION!

Complete Engineering Bulletins available.
Field Sates Engineers at your service everywhere.

American Optical
COMPANY

INSTRUMINT DIVISION, BUFFALO IS, NSW YORK
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emitter follower action results when Ein' ; 
because of the saturation of the transistor.
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A more effective way of limiting or clipping is 
shown in Fig. 2.
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1531 N. 31«t AVENUE • MELROSE PARK, ILLINOIS 
MEMBER OF INSTITUTE OF PRINTED CIRCUITS

CIRCLE 168 ON READER-SERVICE CARD

LEEDS
Imtrum.nh

UPGRADE YOUR
PRINTED CIRCUIT
PROGRAM

The ONCO Problem
Solver Way

BRIGHTEN
Brighten with lonco copperbrite #48, 
the oxide remover that does not etch away 
your copper, but does completely clean off 
surface oxides and hydrates. Copperbrite 
lasts indefinitely, and it increases the 
adhesion of plating by 100%!

Protect your Copperbrite surface with 
LONCO SEALBRITE #230-10. Keeps away 
oxides and dirt and improves ultimate 
soldering with its unique solder-assist 
coating. Effectively inhibits oxidation dur
ing high temperature cure of solder resists.

PROTECT

MASK
Mask out solder “take” with LONCO 
PC#33-R SOLDER RESiST-the hard, tough 
film that performs excellently over Seal- 
brite #230-10. Minimizes bridging, im
proves soldering of uncoated areas, greatly 
enhances appearance of the finished board.

Flux with a LONCO resin-flux that passes 
MIL F-14256 Signal Corps Copper Mirror 
Test, yet gives you smoother, more reliable 
solderability than you’ve ever had before. 
You get perfect soldering at safer, lower 
temperatures, too—450° to 480°F.

CLEAN
Clean flux residues from your boards by simple dip with a LONCO FLUX REMOVER. 
Removers are designed to wash off flux residues at a maximum speed consistent 
with safety to the delicate components and materials involved.

Get the Facts... Ask for full information on any or all of 

Lonco's printed circuit problem solvers. Request special bulle

tin, Soldering of Printed Circuits.

LONDON CHEMICAL CO., INC
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Modified Circuit Limits Pulse 
Amplitude More Effectively

The pulse amplitude limiter described in ED's, 
April 27, 1960, Ideas for Design column is not 
really a limiter because the output voltage is still 
a function of the input voltage.

Given the device shown in Fig. 1, when 
Ehl > Ey the output voltage is

Eout

Ein Eb
Eg r;

=ri+
In order to truly clamp to EB, Rp would have 

to equal zero. This would eliminate the use of a 
bled-down power supply, as the author suggests. 
If another power supply is used and Rp = 0, then 
there is the danger of excessive current in the 
base lead if Ry is small.

If Rp is finite and R(i « Rp, the output would 
follow the input. In effect, all you would have is 
a resistive attenuator. As a matter of fact, no

r rom the NEW 
con venie n ce-styled 

L&N line...

9834 NULL DETECTOR 
features high d-c sensitivity, 

low noise, low drift
Uniquely equipped with a guarded 
circuit to permit operation with 
guarded or unguarded potentiometers 
or bridges, this d-c null detector- 
one of a family of brand-new L&N 
instruments—is rugged, portable, 
line-operated ... a significant advance 
in null-indicator design.
Sensitivify—Four switch-selected ranges: 1, 
IO"1, 10r2, IO"2. Maximum sensitivities (at 
least as high as stated) are:

Source Resistances 
(Ohms)

Sensitivity (Position 1)
MV/mm /xv/scale div.

Up to 20,000 0.2 0.30
20,000 to 50,000 0.3 0.45
50,000 to 100,000 0.5 0.75

tances up to 1000 ohms, increasing to 4 sec. 
at 100,000 ohms.

Noise—Less than ± 0.1 microvolt.

Zero Shift—After initial warm-up, total shift 
at maximum sensitivity is no greater than 
± 2 scale divisions. After I hour, rate of 
shift does not exceed l 2 div./hr.

Input Impedance—40,000 ohms.

Meter Response—Non-linear. Essentially 
linear for 20% deflection either side of zero. 

Guarding — Detector guard-circuit connects 
to shield of 2-conductor input cable (2 ft) 
supplied with detector.

Case—Metal, 9^" (h) x 6^" (w) x 

74" (I). Weight, 16 lbs. Operates on 120 
volts, 60 or 50 cycles.

Price—$295 (subject to change without 
notice), f.o.b. Phila. or North Wales, Pa.

Specify List No. 9834 when ordering 
from nearest L&N Office or 1^908 Stenton 

Ave., Philadelphia 44. Pa.

H NORTHRUP
Automatic Controls • Furnac««
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(a)

(b)

Fig. 1. Output voltage of this pulse amplitude limiting 
circuit (reprinted from Ideas for Design, ED, April 27, 
1960, p 120) is still a function of the input voltage (see 
Eq. 1).
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Fig. 2. With this circuit, the output voltage will clip
voltage (forat a value independent of the input

PREVIOUS 
STAGE

Using an 
lower, the

npn transistor for the 
transistor will cut

emitter fol- 
off when

OR

rded 
with 
eters 
or— 
u&N 
ible, 
ance

E > ]E(i RE/(RE -f- Rh). Then the output volt
age will clip at EbRE/(RE -f- RL) for any Ein 
whose absolute value is greater than Eb .

The above discussion holds for negative pulses. 
Obviously, a pnp transistor properly biased could 
he used to limit a positive pulse.

Burt IL Liebowitz, Engineer, Airborne Instru
ments Laboratory, Huntington, N.Y.

es: 1, 
es (at
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Voltmeter-Variable Resistor 
Measures Zener Current

To measure the current flowing through a 
Zener diode without breaking the circuit, con
nect a voltmeter and variable resistor across it as 
shown in the figure. The variable resistance is 
then reduced until the voltmeter reading just 
starts to drop. At this point the resistor is ab
sorbing all the current which used to flow in the

JAN

Hally 
‘ zero.

meets 
ß ft)

SOURCE

— O-

VARIABLE 
RESISTOR

w) x
I 120

Current in variable resistor equals Zener diode cur
rent when voltmeter reading begins to drop as resist
ance value is reduced.

thout 
, Pa.

ering 
enton

diode. The resistance1 may then be measured and 
’)hm’s law used to calculate the current, or an 
unmeter may be used as shown. The accuracy 
>f the measurement is determined by the sharp- 
less of the Zener breakdown, which is usually 
lescribed by the diode’s manufacturer.

David J. Goldman, Electrical Engineer, Di/An 
Controls, Inc., Boston, Mass.

or NON-JAN

FUSED SILICON 
GENERAL-PURPOSE 

DIOOES

GOLD BOND 
GERMANIUM 

DIODES

Hughes JAN types

1N457J 1N270J
1N458J 1N276J
1N459J 1N277J

1N281J

Hughes non-JAN types

1N456 1N96A
1N457 1N98
1N458 1N98A
1N459 1N100
1N461 1N100A
1N462 1N118
1N463 1N118A
1N464 1N133
1N482 1N139
1N482A 1N140
1N483 1N141
1N483A 1N143
1N483B 1N270
1N484 1N273
1N484A 1N276
1N484B 1N277
1N485 1N278
1N485A 1N279
1N485B 1N281
1N486 1N283
1N486A 1N287
1N487 1N288
1N487A 1N289
1N488 1N291
1N488A 1N292

1N480
1N500
1N770
1N835

HUGHES’ DIODES ARE ALL STABILIZED AND CONDITIONED
The JAN-type diodes listed above give you the ultimate in reliability. They, of course, have to be top quality to receive joint 
Army-Navy approval. ■ Quality control is the keynote at Hughes. Manufacturing facilities are geared to put JAN-types 
through all the rigorous tests required. Hughes stabilizes every diode prior to shipment. ■ But, what of the long list of non- 
J AN diodes also listed here? They are made of the same high-grade silicon or germanium. They are fabricated and hermetically 
sealed on the same assembly lines. They undergo the same high-temperature storage, visual and mechanical inspections, 
and high- and low-pressure seal tests as their JAN cousins. ■ To you, this means a tremendous quality bonus. It lets you 
buy top-grade diodes without paying a premium price for them. ■ The diodes listed here are all available in quantity now. 
Call the Hughes Semiconductor sales engineer or authorized distributor in your area. Or write Hughes Semiconductor 
Division, Marketing Department, 500 Superior Avenue, Newport Beach, California.

CREATING A NEW WORLD WITH ELECTRONICS

For export, write Hughes International, Culver City, California HUGHES
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HUGHES AIRCRAFT COMPANY
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AIRPAX SINUSOIDAL OSCILLATOR

FREQUENCY
METERS

TYPE 5908 used

60 CPS power source

added to the number read on

Ask for Bulletin F-06

SB23

CIRCLE 171 ON READER-SERVICE CARD

ACTUAL 
SIZE j

Model S-10C 
(plug-in)

FKQMMCT 
CPS

FROWIICT 
CH

Model S-200 
(fix mounted)

the voltage ratio i 
the log scale.

If the log scale

AIRPAX
ELECTRONICS

Simplified Conversion Eliminates 
Slide Rule Step

Missile, space vehicle and industrial 
instrumentation, telemetering and 
control, carrier systems, guidance 
systems, frequency coding, timing 
circuits, synchronization, discrete 
event indication, paging systems, 
magnetic tape biasing, push-button 
oscillators, digital systems, hetero
dyning. frequency modulation, bridge 
supply, selected calling systems, in 
tercom systems, machine supervi 
sory control, signaling devices, fre
quency standardization and calibra 
tion for miniature and portable 
equipment.

is on the slide, the same pro

Measuring Primary Screen Grid 
Emission

SOLID STATE
ELECTRONICS CO.
15321 Rayen St., Sepulveda, Calif.

EMpire 4-2271

The 4'6 inch meter, with mirror scale and com
bination pointer permits "quick look" indication 
at a distance and precise "close up" readings. 
Extension behind panel is approximately 2'A 
inches. Power consumption is less than 5 watts. 
Overall accuracy of frequency reading is 0.1% 
or .4 cycle in the 400 CPS model.

cedure is used, except that the division must be 
done “in reverse.” The* smaller number of the 
ratio is set on the I) scale and the larger number 
on the C scale. The cursor is set to the index of 
the D scale.

Donald E. Williamson, Williamson Develop
ment Co., Inc., West Concord, Mass.

sion. •
A 60-cps voltage E^, is applied to the screen 

grid through 1N93 diodes A and B. Screen cur
rent, Ie2, flows during the positive half of the 
cycle causing the grid to heat. Diode C, causes 
the Er2 meter, to read on the positive half of the

These highly accurate, dependable Frequency 
Meters by Airpax, are completely self-contained. 
Connection is simple. Two meter terminals pro
truding from back of case connect directly across 
100- 130 volt source. Airpax MAGMETER fre
quency sensing circuit is insensitive to voltage 
variations, responding only to frequency changes.

Source voltage E!l2, is adjusted for the maxi
mum screen dissipation specified for the tube

The decibel conversion method outlined in 
“Log-Log Slide Rule Converts Voltage, Power 
Ratios Directly to Db (ED, May 11, I960, p 231 
and July 20, 1960 p 149) is more difficult to use 
and remember than is necessary. The difficulty 
lies in the assumption that the voltage or power 
ratio has already been determined. Actually this 
would require an extra setting of the slide rule. 
This decimal ratio must then be remembered for 
use after the slide rule has been set as recom
mended in the article. A much simpler method 
is available.

If the log scale is on the stationary part of the 
rule, power ratios are determined by performing 
the ratio division on the C and D scales. The 
cursor is then brought to the index of the C scale, 
and the power decibel ratio is read directly off 
the log scale by moving the decimal point one 
place to the right.

For voltage ratios, the same procedure is used, 
except that in addition to moving the decimal 
point one place to the right on the log scale, the 
numbers on the log scale are also multiplied by 
two. This can be done by inspection. With either 
of these methods, it is only necessary to note 
whether the original ratio is greater than 10, and 
by how many decades. A suitable number of 10
db steps for the power ratio or 20-db steps for

MICROMINIATURE light weight 
LONG LIFE low power RUGGED 

frequency range 25 cps to 100 keps 

Virtually immune to the effects of 
shock, vibration and acceleration, the 
models S-100 and S-200 Sinusoidal 
Oscillators are the smallest on the 
market. Designed to create a sine 
wave signal source, these units fea
ture low distortion and high stability 
over wide ranges of temperature and 
rugged environments.

Power supply problems are simplified 
by the use of a single supply with 
very low current drain (28 volts de 
at 1 milliampere). Only three con
nections are required to each unit 
thereby simplifying interwiring. A low 
impedance emitter follower output is 
provided.

The circuit shown was used to measure the 
reverse screen grid current of a tube and deter
mine the extent of its primary screen grid emis-

SOLID STATE
SILICON TRANSISTOR

TYPE 5907 for use on 

400 CPS supply sources
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with Simplified Transistor Circuitry

SCOPE
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Reverse screen grid current is measured after tube 
has been operated at rated screen dissipation for five 
minutes.

Collins Doppler Radar Navigation Sys
tem DN-101 measures the Doppler Fre
quency Shift in each of three beams to 
determine velocity components of the 
aircraft.

rlOC 
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44
IN93

*
N93

E
IR

155 156 157 158 159 160 161 162 163)64 
FREQUENCY-KC

Typical Doppler Signal Spectrum super
imposed on attenuation characteristic 
curve of Hermes Crystal Filter, Model 
669U Peak of curve shifts as velocity 
changes.

Hermes Crystal Filter, Model 669 U, 
used in Collins Doppler Radar Navi
gation System DN-101 measures 
3’/," L. x 3%*” W. x 1 H.
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FROM 
DESIGN

TO PRODUCTION
Jettron is fully-equipped to design 

and manufacture your precision 
electronic components including 

connectors, sockets and cable 

assemblies. Call or write Jettron 
for quotations on "specials” for 
all commercial and military 

applications.

FIRST Airborne Doppler Radar Navigation System

Uses HERMES CRYSTAL FILTER
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CD-7140 - Printboard 
Application Socket for 
R.C.A. Micromodule. 
Measures only .400 
maximum square by 
.094 high. Insulation 
resistance greater 
than 50,000 megohms. 
Employs silver plated 
beryllium copper con
tacts and DIALL FS-5 
Insulating material.

CAT. 8550—Ultra High 
Frequency Socket for 
the G.E. GL-6299 
Triode is sold In kit 
form containing all 
the necessary parts 
for mounting by the 
customer on a chassis 
barrier. It provides 
excellent Isolation of 
the Input from the 
output.

CAT. 8715—Ultra-High 
Temperature Socket 
for G.E. 7296 Triode 
can be soldered to 
printboard or mounted 
above or below a 
chassis. High Alumina 
insulating material; 
contacts gold plated 
Inconel-X. For continu
ous operation at 
1000’ F (538° C).

JETTRON 
PRODUCTS • INC 

56 Route 10, Hanover. New jersey

Telephones: TUcker 7-0571-0572

Sales Engineers in Principal Cities

The equation used, P(2 = 2.48 Ec2Ic2 is based on 
positive rectified halves of a sine wave. Dissipa
tion is applied for five minutes before readings 
are taken.

The screen current should conduct for 180 deg 
during each cycle. This is observed on an oscillo
scope placed across the 10-ohm resistor.

Control grid voltage Ee}, is set so the screen 
dissipation is not exceeded before the conduc- 
[ion angle of Il2 reaches 180 deg.

After dissipation has been applied for the speci
fied time, the reverse grid current lct2, or primary 
screen emission, is measured. This measurement 
is made during the negative half of the input

H. E. Wood, Engineer, Lansdale Tube Co., 
Lansdale, Pa.

Woods Metal Good 
For Plugging Plumbing

Corrobend, or Woods Metal, a fusible alloy 
which melts at 160 F may be used in the experi
mental laboratory as an easily worked material 
for making adjustable shorts or plugs in wave
guide, cavities, etc. It gives a good mechanical 
and electrical fit and is easy to insert and remove.

A minimum of tools are required, only a source 
of heat 150 to 200 F to melt the alloy in place. 
There is no danger of damage to the parts from 
excessive heat or mechanical stress, as might 
occur when using machined brass or aluminum 
plugs.

There are probably many ways in which this 
"liquid” technique could be used. One very satis
factory use is that of an easily adjusted short in 
crystal mounts or transitions. By adding to, or 
drilling out the material, and remelting, toler
ances of 0.002 in. are easily obtained.

J. D. Stewart, National Research Council, 
Radio & Electrical Engineering Div., Ottawa, 
Canada.
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Collins DN-101 Doppler Radar Navigation System is an airborne
radar transmitting and receiving system which directs three beams 
of X-band energy towards the earth and then accurately measures the 
amount of frequency change between the transmitted and reflected 
signals to determine the lateral, vertical, and horizontal velocities of 
the aircraft.
In order to eliminate an undesired leakage sideband in the Radar 
Sensor, a system selectivity with a very sharp cut-off on the lower 
frequency end of the passband had to be provided. Hermes Crystal 
Filter, Model 669 U, not only met this requirement by establishing 
the desired selectivity in the second IF amplifier but also made it pos
sible to reduce the number of transistors in the accompanying circuit. 
Close cooperation between the engineering departments of the two 
companies contributed to the rapid solution of this critical selectivity 
problem. Hermes Crystal Filter characteristics, Model 669U . . . 
Center Frequency is 159.0 Kc. Bandwidth at 2 db is 6 Kc min. 
Attenuation increases from 2 db to 53 db in 8.1% of the passband. 
Insertion Loss is 10 db max. Temperature Range is — 40°C to 
+ 55°C.
Whether your selectivity problems are in transmission or reception, 
AM or FM, mobile or fixed equipment, you can call on Hermes 
engineering specialists to assist you in the design of your circuitry and 
in the selection of filter characteristics best suited to your needs. Write 
for Crystal Filter Bulletin.
A limited number of opportunities is available to experienced circuit 

designers. Send Resume to Dr. D. 1. Kosowsky.

Hermes
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS.

c o.
Itek
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Theory and Application of Ferrites

Ronald F. Soohoo, Prentice-Hall, Inc., 70 
Fifth Ave., New York 11, N.Y., 288 pp, 
$12.00. (For a special preview of this 
book, see p 000.)

Designed to introduce the reader to the 
study of the theory and applications of 
ferrites at and below microwave frequen
cies, this text is suitable for both the prac
ticing engineer and physicist. Theory de
veloped in part I is applied, in part II, 
to the design and analysis of practical fer
rite devices. Physical reasoning is stressed 
throughout, with the more complicated 
mathematical derivations collected in an 
Appendix.

Chapter 1 introduces the subject of fer
rites while Chapter 2 deals with the gen
eral properties of matter in the solid state. 
Chapters 3 and 4 deal respectively with

the dielectric and magnetic properti s of 
ferrites. The permeability tensor is de
rived with ferrite losses and proj erty 
measurement techniques discussed next. 
In Chapters 8 and 9 the propagation of

are treated.
Topics discussed in Part II are applica

tions of ferrites at and below microwave 
frequencies, various ferrite devices such 
as the Faraday rotator, resonance iso
lator, phase shifter, and recirculator. 
Also discussed are cut-off phenomena, 
ferrite behavior at large signals and 
finally, the system applications of micro
wave ferrites.

Numerous graphs and illustrations are 
included for illustrative purposes. Only 
material that has been experimentally 
tested is included (a substantial portion
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1000 microvolts to 3 volts
Price: $395

HOW FLAT IS FLAT?
It's all in the way you look at it. Many Sweep Generators have output flat 
within 0.5 dB, a few are flat to 0.1 dB, but only the Marconi Video Sweep 
Generator will measure true relative gain to 0.01 dB. Where such accuracy 
is needed for video amplifier and system measurements, or for transmis
sion line matching, Model 1099 should be specified.

DC Millivoltmeter

ALSO MANUFACTURERS OF THE FOLLOWING INSTRUMENTS:

Inductance Bridge Capacitance Bridge UHF Grid Dip Meter

Boonton ELECTRONICS Corp
Morris Plains, N. J. • JEfferson 9-4210 
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Matched input and output detector probes are supplied and calibration 
standards are built in. A 'scope is required for presentation but measure
ment accuracy is dependent entirely on the sweep generator.

Sweep Range:............. 100 kc to 20 Me, 1 Me markers.

Output: ....................... 0.3 to 3V, 75i2.

Level Constancy: 0.1 dB.
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of this is original with the author). Prob
lems are presented at the end of each 
chapter.

Principles of Quantum Mechanics

William V. Houston, Dover Publications, 
Inc., 180 Varick St., New York 14, N.Y. 
288 pp, $1.45.

The author, having taught a graduate 
course in nonrelativistic quantum me
chanics, attempts to present a unified 
work in this field for the student or the 
scientist. The object of the book is to 
acquaint the reader with quantum me
chanics on a level that will enable him 
to understand published work in this 
area. The reader is assumed to have a 
working knowledge of elementary mathe
matical physics.

The first part of the book provides a 
formulation of quantum mechanics in 
terms of Schroedinger's wave mechanics. 
Subsequent chapters deal with applica-

HOPKINS
metallized Mylar* 
film capacitors

—high performance 
in small size

Advances in Space Science Vols. I and II 

Frederick I. Ordway, UI, Academic 
Press Inc., Ill Fifth Ave., New York 3, 
N.Y., Vol I, 412 pp, $12; Vol. II, 450 pp, 
$13.

Of interest to scientists and engineers 
working in fields related to astronautics, 
this series endeavors to keep them 
abreast of the progress in this field. The 
first volume includes sections on inter
planetary rocket trajectories, interplane
tary communications, power supplies for 
orbital and space vehicles, and bio-as
tronautics. The second volume, a survey 
of the principles of construction and the 
performance of rockets and rocket en
gines, covers the following topics: space 
physics, tracking, materials, electrical 
propulsion, and attitude control. Heinemann can give you any set delay from a 

quarter-second wink to a two-minute yawn, all 
wrapped up in a relay no bigger than a healthy ice 
cube. Called the Type A Silic-O-Netic Relay, this
three-ounce time-delay unit offers S.P.D.T. or 
D.P.D.T. switching, with up to three amps’ con
tact capacity. All of which is pretty good, but the 
real clincher is the continuous-duty coil. It permits
the relay to be energized continuously, to serve as 
a load relay, too. This eliminates the need for 
auxiliary lock-in circuits. Result: substantial 
savings in space, wire, solder—and dollars. Bulle
tin 5003 gives detailed specifications; a copy is

These film-wrapped units are built to meet exacting requirements. For example:

High insulation resistance-100,000 megohms is typical.

Operating temperature-units operate to 125°C.

Sub-miniature size—a Hopkins .1 mfd capacitor rated at 200 volts is only 
5/32" thick x 7/32" wide x 3/4" long.

Construction. These units have copperweld leads for maximum vibration 
resistance... are built with the highest quality materials available, and 
produced under rigid quality control.

Available as film-wrapped types, and in all case styles in hermetically sealed 
brass tubes and bathtubs. Rated .005 to 8 mfds., 200 to 600 VDC. Prompt 
deliveries. Send for catalog C-103A.
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System Applications of Ferrite Devices
by

Dr. Ronald F. Soohoo

This material is taken from the concluding chapter in Mr. Soo- 
hoo’s recently published book '‘Theory and Application of Ferrites" 
(Prentice-Hall, Inc., $12.00). One of the first in the ferrite field to 
include both theoretical and practical design information, it was 
written while the author was with Lincoln Laboratories, Lexing
ton, Mass. He is currently Director of Research Analysis, Cascade 
Research Corp., Los Gatos, Calif.

The chapter selected discusses the use of ferrite devices in micro
wave systems to perform such functions as isolating power sources 
from the load, switching a source from one antenna to another, etc. 
The theoretical and practical design aspects of these devices— 
circulators, modulators, phase shifters, and others—are discussed 
in earlier chapters.

Of general, as well as specific interest, this chapter illustrates 
both the book’s content and method of presentation. (For a more 
complete review of the text, see p 166.) gui<

seei
T

1. Use of Isolators in Microwave Systems

la. To Isolate Source from Load Reflections. 
Isolators can be used to improve klystron and 
magnetron stability. In the case of a klystron, its 
frequency of oscillation is affected by reflection 
from the load in a phenomenon known as fre
quency pulling. Thus, if an antenna fed by a 
klystron were scanning the sky, the impedance 
seen by the antenna might be a function of its 
orientation. Some means of isolation must be 
provided if the impedance change is not to af
fect the frequency of oscillation of the klystron 
source. Conventionally, an attenuator (—6 db) is 
placed between the klystron and load to absorb 
the energy reflected from the load. However, the 
conventional attenuator, being bilateral, equally 
attenuates the power traveling from the klystron 
to the load, as well. If an isolator is used in place 
of the attenuator, then the power loss can be 
made small in the oscillator-to-load (forward) 

direction, and yet the attenuation in the load-to- 
oscillator (reverse) direction will be large. This 
is accomplished by proper orientation of the iso
lator.

To demonstrate the power gain obtained in 
replacing an attenuator by an isolator, let us 
consider the following typical example: In Fig. 
la, the power transmitted to the load P2 is re
duced to 25 per cent (—6 db) of the output value 
from the klystron P] by insertion of the attenu
ator. Any reflections from the load are reduced 
by another 6 db or to 6.25 per cent of Pv On the 
other hand, the power P2 reaching the load in 
Fig. lb is 93.3 per cent (—0.3 db) that of Px at 
the output of the klystron, owing to the insertion 
of the isolator. Any reflection from the load 
would be attenuated another 11.7 db, or a total 
of 12 db. It is noted that the attenuation of the 
signal through the attenuator to the load and 
back is also 12 db. Thus, as far as the effect of 
the load mismatch is concerned, the klystrons of

Figs, la and lb will be equally stable. If w 
were to define a figure of merit called transmis 
sion efficiency of the attenuator or isolator as:

P2 P'2 „
Vr = » or TT 0

we would find that »p — 25 per cent for the at 
tenuator and 93.3 per cent for the isolator, for 
equal klystron stability.

Thus, to achieve the same stability, one hali 

the sum of the forward and reverse attenuate 
of an isolator should equal the attenuation of th 
attenuator in either direction of propagation.

In a similar manner, the isolator can be used t< 
eliminate long line effects, present where anten 
nas are located far from the source, and whid 
are particularly detrimental to magnetron opera 
tion. Since the use of an isolator greatly reduce 
the mismatch seen by the magnetron, it elinn 
nates the tendency of a magnetron to lock oi 
some frequencies or to fail to operate at others

sub 

syst 
kly* 

aim 
tion 
ven 
Tia 
klvs 
in s 
fr >r

168 ELECTRONIC DESIGN • September 14, I960



4, 196

or the at 
)lator, fo

•le. If w 
transmis

Ltor as:

t)

•Du Pont's registered trademark for its polyester film

E. I. du Pont de Nemours & Co. (Inc.)
Better Things for Better living . . . through Chemistry

Position

Zone____ State

CIRCLE 179 ON READER-SERVICE CARD

169

Name
Company
Address
City

Less track

is virtually un-
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0.3 db

117 db *---------

Fig. 1. Load isolation using attenuator and isolator.

Fig. 2. Use of isolators in isolating sub-systems.

Pulsed magnetrons with mismatched loads may 
also transmit pulses of more than one frequency.1 

The variation of impedance Z,, seen by the 
magnetron, due to a load ZA at the end of a long 
line of length / may be seen from the following 
equation.2

Zo cos ßl 4- jZL sin ßl

Since:

where

3 = =
C

(3)

|3 and kg are the phase constant and the
wavelength, respectively. It is clearly

seen that Z, of Eq. 2 is a function of frequency f.
The width of the frequency spectrum of a

pulsed magnetron is not necessarily constant.
when magnetrons are operated into a long line
with a mismatched load, the frequency spectrum
may tend to broaden and to vary for different
pulses. A closer approach to the theoretical
spectrum is obtained where an isolator is used.

lb. To Isolate Subsystems. The klystron in
subsystem A, Fig. 2, is isolated from that in sub-
system B for any signal coming from B to the

Magnetic tapes 
of “Mylar”® 

insure reliability of recording 
and playback

The difficulty of duplicating test con
ditions means that much of the in
formation on your magnetic tapes 
could not be replaced at any price. 
Tapes of “Mylar”* polyester film 
protect your investment in valuable 
recorded data. Their small addition-

swell to cause shifting of tracks. 
Chart 1 compares lateral shifting of 
track due to dimensional change of 
“Mylar” and cellulose acetate. Tapes 
of “Mylar” minimize possibility of 
garbled or weak signals caused by 
track displacement.

and subsequent failure to record criti
cal information. Chart 3 compares 
initial tear strength of “Mylar” and 
acetate. In addition, “Mylar” poly
ester film has the highest tensile 
strength of any instrumentation-tape 
base. And “Mylar” does not lose its

the recording or playback head. The superiority of “Mylar” can
make an important contribution to

displacement.
Because Mylar
affected by changes in temperature

Less tape breakage. the reliability of your magnetic-tape
Since most breaks start as edge mcks, system. Ask your magnetic-tape sup-
the high initial tear strength of pher to recommend the specific tape
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klystron in A. Such a signal is attenuated by an
amount equal to the sum of the forward attenua
tion of the isolator in subsystem B and the re-
verse attenuation of the isolator in subsystem A.
Thus, not only is the load isolated from the
klvstrons in subsystems A and B, but the klystrons
in subsystems A and B are themselves isolated

2 Use of Modulators and Phase Shifters

2a. Amplitude Modulation. The attenuation
o< a resonance isolator in the reverse direction

t ECTRONIC DESIGN
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can bt* varied by sweeping the de magnetic field 
in the vicinity of ferromagnetic resonance. In this 
way, the amplitude of a cw (continuous-wave) 
signal may be varied as a prescribed function of 
time.

Similarly, a Faraday rotator may be used for 
amplitude modulation. The variation of the mag
netic field biasing the ferrite varies the amount 
of rotation 0. Since the output of a Faraday 
rotator is usually joined to a rectangular wave
guide, the amplitude of the transmitted signal is

Er = Em cos 0 (4)

where S = 0 represents the direction parallel to 
the narrow dimensions of the rectangular guide.

2b. Frequency and Phase Modulation. Since 
the phase velocity in a ferrite medium is a func
tion of magnetic field bias at a fixed frequency, 
the phase shift of a ferrite-containing section can 
be varied by changing the magnetic field bias. 
Depending upon whether quarter-wave plates 
are used in the longitudinal-field type phase 
shifter, nonreciprocal or reciprocal phase modu
lation may be achieved. In the rectangular guide 
case, a ferrite slab, only if located at the center 
between side walls, gives a reciprocal phase shift.

To demonstrate the phase constant depend
ence on magnetic field, let us consider the in
finite medium magnetized in the direction of 
propagation. The permeability for the two direc
tions of propagation are p ± K. Thus:

=■= A')

= 1 -== w
, 71 I A
X V + - «/

It is seen readily from Eq. 5 that |3±, or the 
phase shift per unit length, is a function of ap
plied field.

Frequency or phase modulation can also be 
accomplished by using a phase shifter. Letting 
the electric field be Em sin (wf -f- 4») in which 
$ = mp sin we have:

E = Em sin (wt 4- nip sin wj) (6) 

Expansion of Eq. 6 gives the to carrier compo
nent as well as w ± nw„, sideband components. 
The* amplitude of the carrier and the sidebands 
are determined by the maximum phase shift mp.

3. Use of Circulators in Microwave Systems

3a. For Antenna Switching. Consider the 
schematic diagram of a four-port circulator as 
shown in Fig. 3. As explained in Chapter 12, 
when the magnetic field is in one direction, the
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Self-tuning Autosonic cleaners by 
Powertron clean faster, better and 
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Reduce rejects; Save on solvents.

HERE'S HOW IT'S DONE
The Autosonic is electronically self
tuned by its exclusive feedback 
transducer and requires no tuning 
knobs or meters. A simple switch is 
the only control.

Only Autosonic cleaners give you 
consistent peak performance clean
ing regardless of load, solution 
level or temperature, contamina
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Oscillator

Antenna 2 B Antenna!

Receiver*

Fig. 3. Switching 
of antennas using 
circulator.

clockwise, as indicated by path A. Thus, the 
oscillator output is fed into antenna 1. If the di
rection of the magnetic field is reversed, the 
phase relations are such that the circulation path 
is now counterclockwise, as indicated by path B. 
Consequently, the output of the oscillator will 
be radiated out of antenna 2. Therefore, by 
merely changing the direction of an applied mag
netic field, the oscillator can be made to feed 
into either one antenna or another.

It may be no^ed that signals received from an
tennas 1 and 2 both would travel to the receiver 
by way of paths A and B, respectively. Thus, the 
circulator scheme enables antennas 1 and 2 to 
perform both transmitting and receiving func
tions. Without the circulator, a tr tube would 
have to be used for a single antenna to perform 
both transmitting and receiving functions.

3b. For Source and Antenna Isolation. As 
shown in Fig. 3, for path A, signals received 
from antenna 1 will go to the receiver, and in 
the ideal case the oscillator is completely iso
lated from antenna 1. The same can be said of 
the isolation between the oscillator and antenna 
2 in path B. However, to accomplish perfect iso
lation between antenna and oscillator, the phase 
relations in the circulator must be exactly correct 
so that the waves coming from the antenna via 
different paths will interfere destructively at the 
oscillator terminal. Over a band of frequency, 
this condition is not, in general, attainable, and 
the isolation ratio remains finite.

One feature of the antenna switching scheme 
of Fig. 3 should be mentioned. While the oscil
lator energy is fed to antenna 1 via path A, any 
signal received from antenna 2 will travel to
ward the oscillator (of course, via path A). This 
may cause frequency pulling in the oscillator 
and thus may be objectionable.
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4. Other Applications

4a. Magnetic Tuning of Cavities. The reso
nance frequency of a ferrite-loaded cavity may 
be changed by changing the magnetic field ap
plied to the ferrite. This effect3’4 may be utilized

CIRCLE 183 ON READER-SERVICE CARD
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direction is from IV to III in Fig. 5. As the mag
netic field value approaches that required for 
ferromagnetic resonance, the magnetic coupling

for frequency modulating a klystron over a con
siderable bandwidth, without accompanying 
amplitude modulation. To accomplish this usu
ally requires that the klystron employ an external 
cavity and that the ferrite sample be not too 
small.

V\ ith the ferrite slabs located at the sidew'alls 
of the cavity, Fig. 4, and a magnetic field ap
plied in the z direction, large negative frequency 
shifts may be obtained for small changes in mag
netic field; when the field is applied in the y 
direction, very large linear shifts can be ob
tained. W ith the ferrite on the bottom of the 
cav ity and the magnetic field applied in the x di
rection, small linear shifts can be obtained.

4b. Ferrite Directional Couplers.5 The inci
dent wave in the main waveguide, Fig. 5, as
sumed to be of the fundamental mode, produces 
a dielectric polarization current parallel to the 
axis of the post. As far as the auxiliary waveguide 
is concerned, it is a dielectric antenna radiating 
equally in both directions. Thus, the power trans
fer from the main to the auxiliary waveguide 
is nondirectional.

The electron spins in the upper half of the 
ferrite post are made to precess about the orient
ing field Hdc by the circularly polarized rf mag
netic field of the incident wave. For a wrave 
traveling from terminal II to terminal I, this 
precession amplitude is small. On the other hand, 
if an Hdc nearly equal to the value required for 
ferromagnetic resonance is applied, power travel
ing from 1 to II may cause large precession. Be
cause of spin-to-spin coupling, this precessional 
motion is transferred to the spins of the lower 
half of the post. Thus, the ferrite cylinder acts 
like a stack of magnetic dipoles rotating about 
its axis at the frequency of the rf field. For a 
fixed sense of rotation of these dipoles there is a

Now you can cover the complete frequency range from sub-audio 
through audio with one convenient variable electronic filter! Its 
bandwidth covers the most widely used frequencies in circuitry 
design, testing, measurement and research. The 330-M can replace — 
in a 17" x 8" x 12" size — banks of fixed filters, and massive inductors 
and capacitors.

More than this most frequently used bandwidth, the 330-M band
pass filter offers rapid attenuation beyond the cut-offs. Unwanted 
signals are attenuated up to 80 db, and maximum attenuation is 
maintained at all frequencies beyond cut-off. Low cut-off, high cut-off 
and center frequency are all continuously variable. Cut-off frequency 
dials are single log-scale, direct reading. Band switches give fre
quency ranges in five decades. Attenuation is 24 db per octave outside 
the pass-band, reaching 70 db in less than three octaves. Signal-to
noise ratio is greater than 80 db.

Write for full information on this wide-band, light-weight band
pass filter. Its convenient coverage of low frequencies through audio, 
and direct reading, continuously variable cut-offs give you real work
load flexibility. Other Krohn-Hite band-pass filters include Models 
330-A (0.02 to 2,000 cps), 310-AB (20 to 200,000 cps); and rejection 
filters as well. Also. Krohn-Htte Oscillators, Amplifiers and Power 
Supplies.

Auxiliary 
waveguide

Fig. 5. Crossguide ferrite directional coupL
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where D is the diameter of the post, L the width 
of the waveguide, and d0 the distance from the 
points of circular polarization to the nearest wall

Rectángula*' 
waveguide

AU Quali fwd 
Applicanti

Fig. 7. Fei rite-loaded band elimination filter, 
IFioi cavity mode.
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Ferrite-loaded band pass filter, TEm cavity

liecomes predominant and the over-all coupling 
becomes directional.

Perturbation analysis shows that the coupling 
for a very small ferrite post in decibels is:

CARD 

1960

Q^kD2 .
---- ö— sin

which measures the extent to which magnetic 
polarization currents in the upper half of the fer
rite post penetrate into the lower half.

The preceding theoretical expressions predict 
that the coupling and the directivity should go 

। through a single resonance as the strength of the 
de magnetic field increases. Experimentally, 

I however, even for rather small ferrite diameters, 
two resonances have been found. This may be 
due, in part, to the inadequacies of the perturba
tion theory.

lc. Ferrite Filters.6 It is evident that a tunable 
cavity could be used as tunable band pass and 
ha id elimination filter. The kind of filter action 
d< lends upon the geometrical configuration and 
th< mode used.

Zig. 6 above shows a band pass filter using a 
Ti 1U cavity mode. Since the wave is linearly 
po arized, it is a bilateral device. The magnetic
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Mr. 0. S. Knox 
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8500 Balboa Blvd.
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But you can't eat satisfaction! That's why our pay scale matches anyone's 
and. in many instances, is better.

However, an engineer's inward fulfillment comes from a difficult job 
well done, not just from counting the digits on his check. Satisfaction from 
whipping a problem, finding the answer, making the answer work. Call 
it what you will, pride, ego, or what have you, it remains the most necessary 
ingredient a good engineer must possess. Our engineers have it and their 
fine creative performances show it.

Because RCA West Coast continues its rapid expansion movement, 
we're looking for this kind of satisfied engineer right now. Are you one 
of these:

Advanced Systems Engineers, Development and Design Engi
neers, and Project Engineers with experience in these areas: Elec
tronic Countermeasures. Data Processing and Computer Systems, 
and Missile Ground Support Systems.

For more about us and your profitable future, follow the advice in the 
box at right.
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What can you do with a 
remarkable instrument like this?

We would be happy to tell you more about the Readall and its applications.
We would be happy to hear from you about possible applications. Please write to us 

at the address below.

Fig. 8. Ferrite resonance absorption curve 
showing application to receiver image re
lection.

Several weeks ago, we used the ad you 
see in the picture to ask a question and 
give some facts. We said that the Read- 
all readout instrument was about the 
size of a candy bar, and that it could 
display, store or transfer up to 64 differ
ent numbers, letters or symbols without 
using complicated conversion equipment 
and “black boxes.”

We explained that the Readall in
strument was originally developed for 
data display in flight control equipment. 
We described the Readall instrument as 
an electro-mechanical, D.C. operated, 
readout device for displaying characters 
in accordance with a pre-determined 
binary code ... a compact self-contained 
device . . . which can be applied to the 
output of digital computers, teletype re
ceiving equipment, telemetering systems, 
or wherever data must be displayed. And 
we wound up by asking about new appli
cations for our Readall instrument. 
Here are some of the answers to our 
question:
1. A leading aircraft corporation is using 
Readall instruments in a visual inter
com system in patrol aircraft that's con
nected with anti-submarine warfare.
2. Another company uses Readall in
struments in ground checkout equipment 
for a new Air Force bomber.

Here's what they've done with this 
remarkable READALL® instrument

placed at the end of a rectangular w aveguide as 
shown in Fig. 9, there will be radiation out 
through the ferrite. The lobe pattern and orien
tation are functions of the applied field Hdl and
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field may be changed to change the resonance 
frequency.

At the resonance frequency of the cavity 
shown in Fig. 7, the cavity reflects and therefore 
acts as a band elimination filter. The filter uses 
the TEwl mode. Again, the resonance frequency 
can be changed by changing the magnetic field 
applied to the ferrite.

Since a ferrite has a finite resonance line 
width, it is a band rejection filter when biased to 
ferromagnetic resonance. This property has been 
utilized7 to reject image frequency, as shown in 
Fig. 8. In order to detect a microwave signal, it 
can be mixed in a crystal mixer with a local 
oscillator signal whose frequency is lower than 
the signal frequency by an amount if (intermedi
ate frequency, whose typical value of 30 me/sec 
is predetermined by the center frequency of the 
bandpass filter in the mixer). If there is another 
signal at a frequency if below’ the local oscilla
tor frequency, called the image frequency, the 
detector will give an output also. In order to in
sure that the detector output is indicative of the 
presence of the desired signal, some means must 
be found to suppress the signal at the image fre
quency.

The device is composed of a longitudinal mag
netized ferrite rod forming a section of the center 
conductor of a coaxial line. Again, the resonance 
frequency can be tuned by changing the mag
netic field.

3. An oil company uses these readout 
instruments in a data reduction system 
that converts magnetic tape seismo
graphic data to printed digital data and 
graphic chart strips.
4. A missile manufacturer uses Readall 
instruments in an automated “Missile 
Skin” milling machine.
5. These readout devices are being ap
plied in nuclear reactor work for remote 
control and indication of rod position.
6. Readall instruments are now used in 
an electric power station monitoring 
system in Philadelphia.
7. Readall instruments are being used 
in display boards for the Air Defense 
Headquarters.
8. Another aircraft manufacturer uses 
Readall instruments in a flight simulator.
9. A branch of the military designed the 
Readall instruments into an airborne 
bomb-direction computer.
10. An aircraft systems manufacturer 
uses Readall instruments for display 
and print-out of data with a computer 
in a high altitude weather reconnaissance 
project.

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 
PITTSBURGH 18. PENNSYLVANIA 
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SonotoneJ
Electronic Applications Division Dept. T23-901 
ELMSFORD, NEW YORK 

leading makers at rechargeable batter its phono cartridgas. 
speakers, microphones tape heads and electronic tubes.

In Canada contact Atlas Radio Corp , Ltd., Toronto

TUBES
YOUR 

CUSTOMERS

TRUST
Give your customers tubes they 
can trust. Give them Sonoto'ie 
miniaturized electronic tubes. 
Produced under the highest 
quality control standards . rig 
orously tested to assure supe 
rior performance even under 
extreme conditions. In fact. 
Sonotone reliable tubes are 
being used right now in space 
and military vehicles Over 150 
different types available .. for 
commercial, entertainment and 
military purposes.
Sonotone, for quality tubes you 
can rely on.
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Here’s the demand line that’s set
ting sales records across the nation 
. . . engineered and produced to the 
highest standards . . . assembled in 
controlled atmospheric and climatic 
conditions . . . 100% inspected at 
every step of production to ensure 
highest quality and dependability.

• Accurate to within 2% of full scale
• All sizes and types available
• Scales to customers specifications

For complete information, write to

IS meas-Fig. 9. Ferrite radiator. 0 
ured in y-x plane.

can therefore be varied with it. 
tion occurs when an axial field

A 
is

similar situa- 
applied to a

ferrite rod protruding from an open circular 
guide.

4e. Traveling-Wave Tube Attenuators.1®'11 In 
a traveling wave amplifier, the reflections of the 
waves from the output of the tube may cause 
undesirable oscillations. Conventionally, an at
tenuator is placed somewhere along the propa
gating helix to attenuate the reflections. Other 
things being fixed, this reciprocal attenuation 
reduces the gain of the amplifier. If we investi
gate the magnetic field configuration near the 
helix, we find that it is nearly circularly polarized 
in the r-Q plane and elliptically polarized in the 
r-z plane. Thus, if ferrite slabs were placed near 
the helix and axially magnetized, or if a ferrite 
ring were placed around the helix and circum
ferentially magnetized, non-reciprocal attenua
tion would be obtained. The ferrite will then 
greatly attenuate the reflected wave to avoid 
oscillations without a consequent decrease in 
gain of the traveling wave amplifier. ■ ■
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as easy as

payers or just one 25 £ customer will suf
fer if the relay doesn’t operate. There 
are other considerations such as size and 
cost, which you’ll have to face eventu
ally, but it’s usually best to get a, b and 
c straightened out first.
If it turns out that the motor, switch 
and environmental immunities you have 
to have just don’t exist in a single relay, 
either you’ll have to change something 
or use more than one relay — or talk 
somebody into building you a special re
lay. You can do one other thing: call up 
one of Sigma’s application engineers and 
tell him your troubles.
He has all sorts of answers, is anxious to 
have you buy some relays (Sigma) that 
will work for you, and has the advantage 
of doing nothing but wrestling with ap
plication problems all day long. You’ll 
have to answer a lot of questions, but 
that’s part of the game. We can also send 
you technical dope sheets on various ap
plication considerations, if you’ll tell us 
what you particularly want to know. It’s 
surprising how well even a relay will be
have, once it’s applied with your eyes 
open. This is one important aspect of re
liability that may be lost in the statisti
cal jungle.

It’s entirely possible that 
sensitive relays frustrate 
you, perhaps almost as much 
as they do us. Even the 

world’s finest (applicable Sigma types on
request) occasionally demonstrate Flagle’s 
Law of the Perversity of Inanimate Ob
jects, by performing in atotally unexpected 
manner for reasons that are either obscure 
or completely mysterious.
Frequently we have found that such 
problems can be anticipated and thereby 
overcome by a ridiculously simple dodge. 
Con-ider the relay as three devices: (a) 
a motor, (b) a switch, and (c) something 
that may have to work extra fast, extra 
certainly or extra something else amid 
the 100 g’s, heat, dust, blood, sweat and 
100 hours of salt spray tears present in 
both birds and barroom juke boxes.
With the problem thus neatly parceled 
out, you then consider whether you have 
an on-off, sliding current or single pulse 
signal for the "motor" to respond to; a 
resistive, inductive, horsepower or dry 
circuit load to hang across the switch, 
and for how long and how often this load 
will want to be turned on or off; and 
what sort of surroundings the relay will 
actually have, and whether all the tax-IDEAL

c
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• Operating temperatures from 
-55 C to 485°C

• Voltage range, 4 to 50 WVDC

• Capacity range 0.47 UF to 560 UF

• Insulated encasement
Fig. 1. Single-ended phase-sensitive 
circuit.

SI NG ER-BRIDGE PORT
A DIVISION OF THE SINGER MANUFACTURING COMPANY

TANTALUM
WET SLUG 

ELECTROLYTIC 
CAPACITORS

Sintered tantalum anode. Silver case cath
ode. Insulated encasement printed with 
capacity, voltage and polarity. Smallest 
sizes and non-standards are color-coded.

highest capacity-voltage 
values—low cost

where reliability replaces probability 
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Now used in mobile radios, computers, 
hearing aids, control and communication 
equipment. Lower cost than other tantalum 
electrolytics. Write for bulletin 2661. (For 
information on iei tantalum and aluminum 
foil electrolytics, request bulletins 2625 
and 2641).

International Electronic Industries, Inc, 
Box 9036-T, Nashville, Tennessee

S
EVERAL practical circuits using semiconduc
tor diodes and transistors in phase-sensitive 
configurations are presented, together with their 

design equations. Using these equations, the cir
cuits were built and then tested in such devices 
as signal and relay-feeding amplifiers, phase
sensitive scalers, and driving amplifiers for re
versing motors.

RUSSIAN TRANSLATIONS
J. George Adashko

Designing 
Phase-Sensitive

Single-Ended Phase-Sensitive 
Vacuum Tube Analog

The schematic of Fig. 1 is an analog of a 
phase-sensitive vacuum tube circuit. Here, the 
vacuum tube is replaced by a transistor-diode 
combination, with the diode’s polarity opposite 
that of the collector junction's. It is similar to 
the vacuum tube circuit because during one half 
cycle of the supply voltage1 no load current flows. 
Current pulses fed to the load can be smoothed 
by shunting the load with a capacitor.

With the diode included, the output voltage is 
directly proportional to the input signal. The

The nervous system of », ASR4 
submarine detecting set gets surgical attention at Singer
Bridgeport. Capability in electro-mechanical assembly 
and precision machining is now being demonstrated in a range 
of military and industrial projects at this fast growing facility. 
To meet critical prime and subcontract production 
requirements, Singer-Bridgeport offers both engineering 
capability and unexcelled facilities. Test and quality 
control equipment encompass environmental, 
acceleration, vibration, shock temperature, altitude, 
humidity and salt spray in simulation of extreme 
adverse operating conditions.
These extensive facilities for engineering, test and 
production arc described in a comprehensive brochure. 
It is yours for the asking. tm

Fig. 2. Push-pull phase-sensitive circuit
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Phase-Sensitive Push-Pull Circuit
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COORS PORCELAIN COMPANY 
600 NINTH ST., GOLDEN, COLORADO

PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand.

puters, 
¡cation 
ntalum 
1. (Fer 
iminum
2625 sign of the de voltage at the

wave phase-sensitive

diode also reduces the gain of the circuit and the 
voltage drop across the load. However, at the 
same time it reduces, by a factor of approxi
mately 3, the power consumed and dissipated 
by the transistor. This is an important considera
tion for high-power phase-sensitive stages.

For this circuit, the following equations hold.
■ Current gain:

*ALLOYIST- -Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need.

♦ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**.

*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority.

Put the Alloyist on your Design Staff, Purchasing Staff and Produc
tion Staff. We know of only one fully qualified Alloyist. . . Riverside
Alloy Metal. Write today for complete information. Riverside-Alloy 
Metal Division, H. K. Porter Company, Inc., Riverside, N.J.
**Trademark of the International Nickel Co.. Inc.
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We Can Make 
Precision Ceramic-to- 

Metal Assemblies 
for Your Stock or 

Special Requirements
On your right is a specialized 

ceramic-to-metal assembly that we 
make in small quantity.

On your left are some of our 
stock terminal insulators. They are 
made in large runs for economical, 
off-the-shelf delivery.

Coors furnishes either metal- 
ized ceramic parts ready for braz
ing by the customer, or complete 
ceramic-to-metal assemblies in 
sizes up to 10" OD by 12" length.

If you need ceramic-to-metal 
assemblies, in quantity or proto
type, get in touch with us here in 
Golden, contact the Coors regional 
sales manager nearest you, or 
write for new bulletin.

relay drivers. For power stages, diodes Dx and 
D, can be added to the collector circuits. 'I he

the de load 
voltage of a 
push-pull phase 
sensitive circuit 
on the signal, 
for different 
(but constant) 
emitter - base 
voltages Ucb.

where $ varies from 0 to jt.
■ Effect of the phase shift on 

current component:

REGIONAL SALES MANAGERS
West Coast....................... ..William S. Smith, Jr.

EM 6-8129 —Redwood City, Calif.
Midwest ....................................John E. Marozeck

FR 2-7100 —Chicago, Ill.
Central............................................. Donald Dobbins

GL 4-9638 —Canton, Ohio
East Coast...................................John J. McManus

MA 7-3996—Manhasset, N.Y.
\rew England ................Warren G. McDonald

FR 4-0663 — Schenectady, N. Y.
Southwest ................................Kenneth R. Lundy

DA 7-5716 —Dallas, Texas
Southwest ........................... ..William H. Ramsey

UN 4-6369—Houston, Texas

Input resistance



New Versatility
Compactness...Low Cost

SPECIAL
Here is the traditional reliability ofMINIATURE SWITCHES

with ainstrument-type switches

Direct load current component

Direct load current component

output

INPUT

OUTPUT

Los Angeles 45, California
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Actuating 
“ Nut

Attaching 
Parts

Mounting 
Base

Fig. 4. Phase-sensitive circuit feeds load throu 
twin transformers

Write today for AiResearch Product 
Catalog on “Electrical Connectors."

^Research Manufacturing Division

CLUSTER ARM: Up to 32 fingers. May 
be ganged with standard decks.

Load current is given by

Nott1 that usually
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Female 
Sleeve

SPRING RETURN. 1- or 2-way ac
tions. Up to 8 positions each side 

of rest position. Up to 4 decks, 
shorting cr non-shorting.

Patented 5 

Williamsgrip 
Threads

DUAL SHAFTS: Up to 8 decks may be 
ganged. ’4" dia. inner shaft 

may control up to 4 decks or other 
devices—rheostats, pots, 

condensers, etc.

PRINTED CIRCUIT: 0.031" dia. ter
minals on last deck mount in 

printed circuit boards up to X*" 
thick. Up to 6 decks may 

be ganged.

The voltage Ueb is used to set the initial values 
of the collector currents of both transistors. The 
absolute values of the half voltage of the signal 
and the voltage Uebm should be related as fol
lows:

Williamsgrip electrical connectors 
provide quick connect and dis
connect with a flick of the wrist... 
plus full positive connection insur
ing maximum conductivity without 
the use of springs, slip joints or 
friction methods.

The patented Williamsgrip con
struction and special thread design 
prevents slippage and corrosion, re
sulting in cooler operation, greater 
reliability and longer life.

The self-wiping action of the 
connector eliminates arcing and 
excessive heating, and allows the 
connector to operate from 5° to 
25 F cooler than the cable, even 
under conditions of 100 percent 
overload. Both connectors and adapt
ers are constructed to withstand 
severe environmental conditions, 
and have successfully withstood 
temperatures over 2000°F.

These high current, single circuit 
connectors covering a wide range of 
wire and cable sizes have proved 
their reliability over more than a 
decade of versatile, rugged service 
for a wide variety of requirements 
in the military, industrial and 
commercial fields.

When $ = jt

a De output voltage

great variety of electrical and mechani
cal features ... in a compact design 
that measures only 1%" square by 1 
for the first deck, 9/16" for each addi
tional deck.

Readily tailored for almost any ap
plication, Shallcross MINIATURE 
SWITCHES handle not only r-f, plate 
and filament currents, but also 60- and 
400-cycle power and metering circuits, 
maintaining a contact resistance of only 
0.002 ohms for a minimum of 10.000 
operations.

The basic design has silver alloy, 
multi-leaf wiper arms and button con
tacts with 1 to 32 positions per pole, I 
to 4 poles per deck, 1 to 19 decks, short
ing or non-shorting action. Nylon bush
ings, alkyd rotors and glass-epoxy 
stators provide superior strength, wear, 
insulation, temperature and moisture 
characteristics.

Shallcross’ unique semi-automatic 
assembly using stock parts insures 
quick delivery of the exact switches 
for your requirements. Complete de
tails on this important new switch 
series will gladly be sent on request by 
Shallcross Manufacturing Co., 
Selma, North Carolina.

The following equations also hold for the cir
cuit:

When $ = 0
■ De output voltage

RUSSIAN TRANSLATIONS
upon the phase ratio of the input and supply 
voltages.

ith the polarity of the input signal and the 
supply voltage as shown in Fig. 2. the direct cur
rent through transistor Ti will be amplified, 
while that through the other transistor will de
crease. In the absence of an input signal, the 
collector currents of both transistors are equal 
and opposite, and consequently the output volt
age will be zero.

Shallcross

INSTRUMENT 
SWITCH

1 QUALITY

WILLIAMSGRIP J 
single circuit i



Phase-Sensitive Circuit With
Transformer Load

INPUT LINE

Fig. 5. Amplifier fed with pulsating current.
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The effect of the voltage on the character 
of the curve Udc = f(Uac) is seen from Fig. 3.
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LABORATORY FOR ELECTRONICS 
COMPUTER PRODUCTS DIVISION 

1079 COMMONWEALTH AVE., 
BOSTON, MASS., D*pt. 914-E

Of considerable interest is the circuit shown in 
Fig. 4. The pulsating output voltage is trans
formed by the transformer circuit. Depending on 
the signal phase, an output voltage is produced 
in either of the two windings. The circuit can be 
used in high-power phase sensitive devices, with 
de power amplifiers used in the driver stages.

Amplifier Stage Fed With Pulsating Current

The circuit of Fig. 5 is intermediate between 
the phase-sensitive and ordinary amplifier circuit. 
The combination of a transistor with two diodes 
is the analog of a double triode in a phase-sen
sitive vacuum tube circuit. At the same time, the 
transistor operates in class B when fed with 
rectified pulsating de. The design formulas for 
phase-sensitive circuits are also valid for this 
stage.

Thus, the power gain at 6 = 0 or $ = n is

The efficiency of the stage approaches 50 per 
cent.

Translated from "Certain Transistorized 
Phase-Sensitive Devices by N. S. Nikolayenko, 
Leningrad Electrotechnical Institute, News of 
the Higher Institutions of Learning, Instrument 
Bldg., No 5, 1959, pp 20-25.
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You can depend on ELIN to 
meet your precision AC power 

requirements on gyros, bridge-type 
transducers, synchros, servo 

systems, resolvers and many 
other AC devices. 

Ask about the new load-regulated 
amplifiers for production line 

testing. External sync, provides 
master-remote features without 

sacrifice in over-all stability. 
Complete power systems available 

for your specific needs.

■■■

Multi-Phase Voltage Calibrators

Single-Phase

Write for NEW 1960 Catalog

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION
135 West Magnolia Boulevard, Burbank, California • Victoria 9-2481
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ISOGLAS 
and 

ISOLASTANE SHEETS 
ROLLS 
TAPESFOR CONTINUOUS

OPERATION AT TEMPERATURES 
UP TO 155° C.
Natvar Isoglas and Isolastane afford heavy duty equipment extra 
protection against frequent overloads beyond Class B rating. 
Isoglas consists of a glass fabric coated with an isocyanate reacted 
resin. Isolastane is similar except that an elastomeric resin is used. 
These products are outstanding in their

• thermal stability

• resistance to crazing and cracking

• resistance to solvents, Askarel, and other 
non-flammable synthetic insulating liquids 

• toughness and scuff resistance 

* wet dielectric strength

• flexibility at low temperatures

• fungistatic qualities

Also available laminated with other insulating materials for slot 
lining, coil supports, and phase insulation. Ask for Data Sheet and 
Samples."NATVAR CORPORATION

Telephone TWX Cable Addren
FULTON 8-8800 RAHWAY, NJ, RAH 1134 NATVAR RAHWAY, N.J.
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There
Are

From audio to microwave engineers, from low power to high power engineers, 

the subject of new power source devices will be of universal interest. Current 

developments in thermoelectricity, magneto hydrodynamics and thermionics are 

setting the stage for radically different power systems.

In the September 28th issue of ELECTRONIC DESIGN, you'll get a special view of 

today's progress in power sources. You'll learn what is available, materials being 

used, the state of the art, and what's to come.

In the next issue of ELECTRONIC DESIGN, be sure to see part I of this II part 

feature report.

GERMAN ABSTRACTS
E. Brenner

T
HE POSITIVE column in a self-maintained 
gas discharge is a source of noise that, at fre
quencies above 1 kmc, is superior to noise diodes. 

At high frequencies, the latter not only exhibit a 
reduction in shot noise caused by transit time 
effects, but they also present broadband matching 
problems.

The electron temperature in a gas discharge 
depends only slightly on the pressure-distance 
product p-r, once this product exceeds a certain 
value, Fig. 1. The high energy content of the 
electron gas is, at least in part, radiated with a

Fig. Î 
at an

coutil 
obey1

Fig. 1. Electron temperature, Te, of various gasses as 
a function of discharge pressure-distance product (1 
Torr = 1 /760 atmosphere).
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WAVE AND NOISE SPECTRUM ANALYZER. 
Model 303: For making rapid, accurate 
analysis of wave and noise spectra. Of
fers selection of four ronstant band
widths. two flat topped, 30 cps to 100 kc 
frequency range. A basic laboratory tool 
for noise investigation.

ection as shown m

LOW NOISE AMPLIFIER. Model 203- 
A very low noise, self-contained, mini
ature transistor amplifier Features a 
voltage gain of 100 and a frequency 
range of 30 cycles to 100 kc. In
creases sensitivity of Model 303 to 1 
microvolt full scale.

RESISTOR-NOISE TEST SET. Model 315; Meets recommended 
specifications of the National Bureau of Standards and the 
International Electrotechnical Commission for the measure
ment of noise in resistors

CROSS SECTION

Fig. 2. Microwave noise source is placed in waveguide 
at angle of 5-10 deg.

OW NOISf *MP' lf ,E * 
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PROFESSIONAL 5" DC OSCILLOSCOPE KIT (OP-1)
Distinguished quality, coupled with traditional Heathkit sav
ings, highlight the OP-1 as one of the most unusual values in 
the test equipment field! Designed as a professional caliber 
research tool, the OP-1 meets critical quality standards de
manded in industrial, educational or medical applications. 
Features include; 5ADP2 CRT; DC coupled amplifiers and 
CR tube unblanking. Triggered sweep circuit operates on int. 
or ext. signals, AC or DC coupled. Send for FREE Heathkit 
catalog today describing this and many other money saving 
kits or see your nearest Heathkit dealer.

NOTE: Prices ind spec 
subject to change without 
notice Dealer and Exoort 
prices slightly higher.

FURTHER INFORMATION AVAILABLE 
CONSULT WITH US ON YOUR NOISE PROBLEMS

HEATHKIT OP-1

*184®°

tube is introduced
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HEATH COMPANY
Renton Harbor 60. Mich.
Please send Free Heathkit Catalog

source, a directly-calibrated attenuator is intro
duced between the gas tube and the indicator. 
Tin discharge is arranged to occur with constant 
current.

Flexible Shaft Coupling 

For Power Transmission

Available Soon
TRANSISTOR NOISE ANALYZER. Model 310: Provides simul
taneous analysis of transistor noise at three frequencies. 
System automatically corrects for variations in transistor 
gain. Beta, Icbo and lebo are also included - providing 
measurements nf essential transistor characteristics In one 
instrument

continuous (white) spectrum. The noise energy 
phevs the general two-port noise formula

N = F-k-TAf
With T = T. and F = 1.

I While in general T. depends on pressure and 
[current, it is independent of pressure above about

Coupling is used for the transmission of power or control of 
movement between parts located close together in a piece of 
equipment. It is not a separate type of flexible shaft but an 
added application.

The coupling can be composed of either mono-directional 
or bi-directional flexible shafting although the latter is gen
erally used due to the added advantage of its ability to ro
tate both clockwise and counterclockwise. Generally used 
between two units a few inches apart, coupling transmits 
power between any two parts regardless of their relative 
positions.

For example, the diagram above shows an advantage in us
ing small lengths of flexible shafting in a coupling applica
tion. Although the drive end and the driven end are not 
exactly in line, the coupling compensates for the difference 
in alignment between the two.

Many manufacturers use flexible shaft coupling even where 
parts may be connected by solid shafts because of the sav
ings realized m the initial and the maintenance cost as well 
as in time and labor.

For complete information on how flexible shaft couplings 
may help improve* your product design, write F. W. Stewart 
Corporation. 4311-13 Ravenswood Avenue, Chicago 13, Illinois.

CIRCLE 201 ON READER-SERVICE CARD

In today's complicated systems and components, abnormal 
noise is an indication of unreliability. Four new Quan-Tech 
instruments, calibrated in absolute units, remove am
biguity in the basic field of noise measurements.

mil imum length of positive column, as well as 
to lid in matching, the tube is inclined at an 
angle of 5-10 deg. Experience has shown that 
¿0( d match and high noise power considerations 
lead to a tube diameter that is one-third to one
fourth of the waveguide width.

Abstracted from an article by R. Saier, Fre- 
qu< nz, Vol. 14, No. 2, February 1960, pp 68-70.

ech LABORATORIES, BOONTON, N. J
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gimbal

The Stable Platform
Key to Inertial Guidance

Wide Band Noise Source
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angular motion about input axis

Three-Gyro Platform Controls 
Roll, Pitch and Yaw

Any gyroscope mounted in gimbals tries to main
tain its position fixed in space. In an ideal, friction
Jess gimbal structure, the gyro has a fixed refer
ence. In reality, frictional and accelerating torques 
cause the gyro to precess, or drift. This, in effect, 
disturbs its spatial reference. In devices which do 
not have to have extreme accuracy, such as vertical 
or free gyros, this drift is tolerable. However, in
creasing flight vehicle performance demands 
greater and greater accuracy. Today’s desired drift 
rates of 0.001 degree per hour for inertial systems 
to 0.5 degree per hour for less sophisticated naviga
tion systems can be* achieved only with stable plat
forms. These are designed to use the gyro as a 
sensor. They control a null-seeking servo loop 
which provides power to generate a counter-torque 
to the gimbals and maintain the gyro reference 
fixed in space.

With auxiliary power available to drive the gim
bals, a cluster composed of a number of gyros can 
be built. In a platform using single-degree-of-free- 
dom gyros, three such gyros are mounted together 
with their input axes forming a mutually ortho-

The new transistorized Raytheon Noise 
Source can generate noise power, flat 
within ± 2 DB over the spectrum of 30 
cps to 300 Keps, at a level of 0-10 milli
volts rms into a 1,000 ohm load. Design
ers of missile field test equipment, noise 
simulators, and other laboratory and 
production test equipment requiring a 
compact, low power DC-operated noise 
source module, will find this new Ray
theon development a versatile compo
nent. For complete data on the Raytheon 
Wide Band Noise Source, please write 
to: Raytheon, Industrial Components 
Div., 55 Chapel St., Newton 58, Mass.

Industrial Components 
Division

S
TABLE platforms are gyro instruments which 
provide accurate azimuth, pitch, and roll atti
tude information. In addition to serving as refer

ence elements, they are used to stabilize acceler
ometers, star trackers, or similar devices in space.

Essentially a cluster of gyros mounted within 
gimbals, the gyro outputs of the stable platform 
control gimbals through servo loops. Different ar
rangements of gimbals and gyros can produce a 
great variety of platform types. Discussed here is 
the “three-gimbal, three single-degree-of-freedom 
gyro” type of platform. This is then compared with 
a four-gimbal system.

gonal triad. Associated with each gyro is a gimba 
servo-system which maintains the correspondin' 
gyro axis fixed in space.

The three-gyro triad is positioned so that th« 
input axes correspond to the roll, pitch, and yaw 
axes of the flight vehicle. The frame to which th 
three gyros are mounted is itself mounted in a sue 
cession of gimbals. This frame, free to move in azi 
ninth, is called the azimuth gimbal, and its mo 
tion is controlled by the yaw gyro. The azimuth 
gimbal is mounted within a gimbal called the 
pitch gimbal which, in turn, is mounted within a 
gimbal identified as the roll gimbal. Relative mo
tion between pitch and roll gimbals is a measure 
of pitch motion. The roll gimbal is mounted in i 
case referred to as the fixed gimbal which is 
fastened to the airframe. The relative angle be
tween the roll gimbal and the fixed case is a 
measure of roll motion.

Single-Axis Platform
For simplicity of discussion, a single-axis plat 

form is first analyzed. Since each gyro controls a 
corresponding gimbal, a three-axis platform is, in 
effect, three single-axis platforms with coupling 
inputs. These coupling inputs, however, are not 
considered in the single-axis analysis.

Fig. 1 illustrates a typical single-axis platform 
with rate integrating gyros. Laplace operator no
tation is used. Consider a case where the single 
axis platform is subjected to a torque, T„, about 
the input axis Y, and a torque, T:, about the out 
put axis, Z. The resulting motion is described h 
the equations:

NEW FROM 
RAYTHEON

"Muto,
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FLIP-FLOP CIRCUIT

1N914

9.1K » c 470^1
TI 2N69Ô

0

1)

r
MIL-LINEMOLDED

±1% tol
±1% tol

Fig. 1. Typical single axis platform with rate integrat
ing gyros. The block diagram is used to analyze the 
platform motion.

240 TI 1N914

PRECESSION AXIS 
TAKEOFF How to compensate

for temperature variation 
in a transistorized flip-flop

GIMBAL TORQUE

H 1N914 < 240n

1N914

470^1 * 9.1K

INPUT®— —

1.6K

—K- 
150^«

TI 2N696

-O OUTPUT

sensistor silicon resistors
Positive TC ef +9.7%/*C for temperature compensation and 
earning.

Additional resistance values and tolerances available on special 
order.

Standard available resistances ±10% 25°C:
68, 82, 100, 120, 150, 180, 220, 270, 330, 390, 470, 500, 560,
680, 820, 1000, 1200, 1500, and 1800 ohms.

Type No. Wattage Rating Body Dimensions

W Length Diameter
TM M W 0.585* 0.200*
TM H W 0.406* 0.140*
TC K • » TO—5 Transistor Package
P-lOOt — 0.500* 0.078*

t Hermetically sealed glass package for instrumentation and 
temperature control available in resistances of 100 ohms, 
500 ohms and 1000 ohms ±10% measured at 25°C
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?ribed b

= angular motion about output axis
= moment of inertia of gimbal about input 

axis
= moment of inertia of gyro about output 

axis
= damping coefficient of gyro about output 

axis
Fy = damping coefficient of gimbal about in

put axis
Il = angular momentum of gyro rotor

If a disturbing torque Td is applied to the gim
bal structure and to the gyro input axis, the gyro 
spin axis precesses about the output axis. The 
precession motion generates an output signal from 
the gyro pickoff, which is fed to an amplifier driv
ing a gimbal torquer. The gimbal torquer pro
duces a counter torque to the platform. The net 
input torque to the gimbal axis is the difference 
between the disturbing torque Td and the counter 
torque T,.

Ty = Td - Tc
If the disturbing torques are removed by the 

servo system so that Ty becomes zero, the platform 
wil not move about its input axis.

¡ he gimbal servo loop is usually referred to as 
the alignment loop. It is subject to criteria of sta- 
bil ty and response over a range of operating fre
quencies, and a typical analysis is concerned with 
du transfer function between the disturbing 
tor pie Td and the input angle a, or between Td 
and the gyro precession angle fk In actual prac-

This flip-flop circuit, designed by Texas Instruments, 
uses sensistor® silicon resistors in the cross-coupling 
network to compensate for increases in hFE with tem
perature. At 125°C, it resolves 100 mjusec input pulses 
arriving at a 5 me rate whereas a fixed resistor version 
was limited to 3.6 me. In addition, at 4- 125°C the circuit 
will operate at a resolution rate greater than 5 me if 
the input pulse can be greater than 10 volts when the 
pulse width is decreased from 100 m^sec.
Another advantage of sensistor silicon resistors in a 
flip-flop using high hFE transistors is the reduction in 
input voltage required to trigger at high temperatures. 
For instance, the sensistor silicon resistor circuit re
quires only 10 volts to trigger whereas the fixed resistor 
circuit required 14 volts.

Sensistor silicon resistors are temperature-sensitive 
devices that feature a positive temperature coefficient 
of 4-0.7% per °C. This predictable rate of resistance 
change makes sensistor resistors ideal for temperature 
compensation from —50°C to 4-200°C at frequencies 
up to 250 me.
The sensistor silicon resistor, developed by TI, provides 
circuit design engineers with a lightweight tempera
ture compensating and sensing device. Commercially 
available for over two years, the devices have been used 
successfully for bias stabilization in a-c coupled stages 
and in the first stages of d-c amplifiers ; and have found 
wide application in amplifiers, power supplies, servos, 
telemetry, magnetic amplifiers, computer switching, 
and thermometry.

In addition, specify from this complete line of Tl precision film resistors

Tl 
type 

number

CDMM 

CDMM 

CDMÜ 

CDM 1 

COM2

wattage 
rating 
watts

%
%
W

MIL 
desig
nation

RN60B

RN65B

RN70B

RN75B

RN80B

standard 
resistance 

ranges

10 Ohm-1 Meg

10 Ohm-1 Meg

10 Ohm-5 Meg

10 0hm-10 Meg

50 0hm-50 Meg

max. 
recom
mended 
voltage 

volts

350 

500

750

1000 

2000

Tl 
type 

number
CDftR 

CD%R 

CDV4PR 

CD^MR 

CD14SR 

CD1R 

CD2R

Write on company letterhead 
for your copy of “Transistor 
Bias «Compensation with 
SenSIStbr* Silicon Resistors.”
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wattage 
rating 
watts

%

h

1

2

MIL 
desig
nation

RN10X

RN15X

RN20X

RN25X 

RN30X

standard 
resistance 

ranges
10 Ohm-1 Meg

10 Ohm-1 Meg

10 Ohm-3 Meg

10 Ohm-5 Meg 

50 0hm-10 Meg 

10 Ohm-10 Meg

50 0hm-50 Meg

Texas

max. 
recom
mended 
voltage

volts
350

500

650

750 

850 
iooo’ 

2000

HERMETICALLY SEALED LINE

±1% tol

Tl 
type 

number

wattage 
rating 
watts

MIL 
desig
nation

standard 
resistance 

ranges

max. 
recom
mended 
voltage 

volts
CDH>4M ft — 10 Ohm-500K 250
CDHH RN60B 10 Ohm-1 Meg 350
CDH'/i % RN65B 10 Ohm-1 Meg 500
CDH‘/2P — 10 Ohm-3 Meg 650
CDH^A RN65B 10 Ohm-3 Meg 650
CDH’/2 M % RN70B 10 Ohm-5 Meg 750
CDHi$S * — 50 0hm-10 Meg 850
CDH 1 1 RN75B 10 0hm-10 Meg 1000
CDH2 2 RN80B 50 0hm-50 Meg 2000

Instruments

»tMICONDUCTORCOMFONENTl DIVISION 

POST OFFICE BOX 311 . DALLAS. TEXAS
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DIGEST

HEADING OUTPUT

IRE SOI VER

ROLL OUTPUT

The

EP
PITCH OUTPUT

ROLL AXIS

HEADING OUTPUT
AZIMUTH AXIS

RESOLVER

PLATFORM

OUTER ROLL

Rantec Corporation Calabasas, California

OUTPUT

PITCH AXIS

ANATt 
high

MEÓRATOH
CHANNI

INTEGRATOR
CHANNEL

INNER ROLL
GIMBAL

EARTH
sATt

COMPUTER

Three-Axis Platform

azimuth coordinate resolver is

INTEGRATOR
CHANNEL

triât:

X-17

Fig. 3. Four-gim-

and ro I.outer
Most of the bur-
den for roll sta-
bilization is on the

MERCURY
TITAN

POLARIS
DISCOVERER

MIDAS
NIKE ZEUS

NIKE HERCULES
SUBROC

SAMOS

Since 1956 missile and satellite programs have depended for their success, in parr,
on Rantec multiplexers and filters for telemetry... unique devices which
couple two, three, four or six telemetry signals to a single antenna system. A wide
variety of tunable models covers the entire telemetry band. Typical specifications
on recent models include Isolation between channels to 100 db with 0.5
db insertion loss VSWR-1.3 Maximum. Rantec multiplexers, hermetically
sealed and helium leak-tested for storage and long-time space use, are another
example of Rantec's proven capability in ground and airborne telemetry devices.

alto from Rantec .. . antennas, ferrite devices, waveguide
components, electronic components and microwave sub systems.

tice, compensation networks are required to a sur

(a) Adequate gain margin is allowed foi un
usual gain changes.

lb) Adequate phase margin is provided to uni
mize torque resonance betweeh T, and T

(c) The phase lead and gain character isti
limit the counter-torque T,. above the system nat
ural frequency.

Fig. 2 shows a three-axis stable platform. Eac
of the three gimbal-alignment servo loops per
forms in the manner described for the single axi
platform. In addition, however, the three axi:
platform requires an azimuth coordinate resolver
This is because the inner cluster is free to mov
relative to the gimbals and, as a result, gyro inpu
axes are not aligned with their corresponding
gimbal axes. The outputs of gyros sensing roll an
pitch are fed to the azimuth coordinate resolver

YAW AXIS Fig. 2. Three-gimbal stable plat
form consists basically of thre
single axis systems to control roll,
pitch and yaw. An additional

also required.

INTEGRATOR 
CHANNEL

bal stable platform
controls azimuth,
inner roll, pitch

outer roll gimbal.
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Company, 25 Broadway, New York 4, N. Y 6*12.51

ASK THE MAN FROM

WIRE

¡INTEGRATOR

E CARD

AN AL AC 105°C (AIEE Class Al 
solderable magnet wire

PLAIN ENAMEL IO5°C (AIEE Class A) 
low-cost enameled magnet wire

ANATHERM 155°C (AIEE Class Fl 
high temperature resistance

FORMVAR 105°C (AIEE Class A) 
proven dependability

NYFORM 105°C (AIEE Class A) 
superior windability

FOR EPOXY MAGNET

acter stie 
stem nat

>ops pen 
ingle axis 
three axis

Thousands of chemical and thermal stability tests in the 
laboratory at temperatures above 130°C—plus over four 
years of field experience—show that Anaconda Epoxy Magnet 
Wire is compatible with virtually every varnish, encapsulating 
and potting compound currently in use.

This outstanding high-temperature compatibility alone is 
reason enough to consider Epoxy practically an “all-around” 
magnet wire. But this Anaconda-developed magnet wire has 
outstanding dielectric strength, heat shock, adherence, and 
flexibility properties as well. And test results show Epoxy per
forms well in transformer oilsand exhibits excellent resistance 
to attack from acids, alkalis and moisture conditions.

Anaconda Epoxy is a I3O°C (AIEE Class B) enameled 
magnet wire, but it costs no more than most 105° Class A 
magnet wires. This means you can often thermally upgrade 
your components to Class B at no additional cost. It’s readily 
available, too— in a full range of round, square and rectangular

able plat] 
of three]

>ntrol roll, 
additional 
»solver is

sizes. It can also be furnished in combination with Vitrotex 
(glass served) for positive thermal overload protection.

You can see how Epoxy offers many interesting possibilities 
for cutting costs and simplifying production through standard
ization in many totally enclosed as well as open applications.

Our technical staff and our Research and Development 
Laboratory facilities are available to give you assistance in 
your compatibility and other magnet wire problems. See the 
man from Anaconda. Or write: Anaconda Wire & Cable

resolver, 
to move 

yro inpu( 
spondili

Compatibility testing of Epoxy Magnet Wire with encapsulating materials. 

Thousands of Compatibility Tests help show why—

EPOXY MAGNET WIRE HELPS SIMPLIFY DESIGN AND INVENTORY PROBLEMS
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I LECT

BLIND 
RIVETS

ADJ PAWL 
FASTENERS

RETAINING 
SPRINGS

ANCHOR 
NUTS

14 TURN 
FASTENERS

DM* 
LATCHES

SCREW 
FASTENERS

platfor 
to the

A new, minute version of the widely used Southco 
Adjustable Pawl Fastener. 34 turn opens, 34 turn 
locks. Turning tightens to compress gasket, resist 
vibration. Supplied assembled for quick installa
tion. Cadmium-plated steel. Requires only15^ inch 
inside space. Weight per 1000:11 lbs. Also available 
for use with your knob.

ACTUAL 
SIZE

Available with % or % head diameters, slotted or 
unslotted and in 4-40 or 6-32 thread. For panels 
from .052 to .130 thick. Quickly installed: stand
off is flared, screw assembly merely pushed into 
place. Screw and stand-off are stainless steel, 
retainer is nylon.

ACTUAL 
SIZE

ACTUAL 
SIZE

Lightweight oval or flush head studs of SAE 1010 
steel, case hardened, are retained in door or panel. 
Five standard lengths provide for total material 
thicknesses from .040 to .159. Spring steel recep
tacle occupies minimum inside space. Weight per 
1000: from 2.072 to 3.522 lbs. depending upon 
stud size.

Nothing shows on outside of equipment. Clean 
appearance. Pull open, push shut. Held firmly in 
both positions by spring tension. Steel spring cam, 
brass roller. Maximum moment: 34 in- lbs. Spring 
and cam locations interchangeable. Weight per 
1000: 14 lbs.

MINIATURE RETRACTABLE PANEL FASTENERS - NO. 54

DOOR RETAINING SPRING - NO. 50

ADJUSTABLE PAWL FASTENER - NO. 27

QUICK OPENING % TURN FASTENER - NO

CIRCLE 212 ON READER-SERVICE CARD
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Send for complete Southco Fastener Handbook. Southco Division 

South Chester Corporation, 235 Industrial Highway, Lester, Pa.
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ani the output of the resolver is then fed to the 
gimbal alignment amplifier.

The three-axis platform analysis must consider 
cross coupling effects between the loops and the 
additional degrees of freedom represented. An 
extended analysis must consider effects which are 
products of inertia, products of angular motion, 
and gyro pickoff response. However, an initial 
analysis w hich considers only the gyro pickoff re
sponse usually suffices. This approach sets up the 
three-axis and single-axis platform equations in 
matrix form.

As yet, the spatial orientations that the gyros 
assume have not been specified. For space travel 
some convenient astral body could be chosen as a 
reference. However, the surface of the earth is still 
the zone of most immediate concern for naviga
tion systems. Travel on the surface of the earth 
(and lower altitudes) implies a reference based on 
“vertical.” A platform fixed in inertial space does 
not provide an earth’s vertical although some 
means is required to establish this vertical with 
the platform. One method gimbal-mounts a ver
tical sensing reference on the platform, but a more 
convenient and common method applies correction 
signals to the platform. These signals torque the 
platform so that it maintains vertical with respect 
to the earth.

Schuler Pendulum
The direction of vertical on the earth’s surface 

can be obtained by the use of a mass suspended 
from a fixed support point by a string. Such an 
arrangement also represents a pendulum. If the 
mass is displaced a small angle from vertical, it 
oscillates with a period expressed by T = 2x\/lg, 
where I is the length of the string and g is gravity 
acceleration. If the support point is moved from 
rest, the mass is deflected from vertical by an 
angle 6 which is expressed as 0 = tan-1a/g, where 
a represents the acceleration of the support point.

Hypothetically assuming that the support string 
is increased to a length equal to the radius of the 
earth so that the suspended mass is located at the 
center of the earth, the support point may move 
in any manner on the earth’s surface. Therefore, 
the supporting string remains vertical regardless 
of accelerations to which the support may be sub-

In effect, a simple undamped pendulum has 
been created with a period T = 2n\]L/g, in which 
I is equal to the radius of the earth. The period 
1 >r an earth’s-radius pendulum is 84.4 min. 
Such a device is called a Schuler pendulum, 
i amed for its discoverer, Max Schuler.

A mechanical compound pendulum having the 
s ime period and properties as the simple 84-min 
1 endulum has insurmountable design limitations, 
lowever, an analogous system using accelerome-

New addition* to the
first family in subcarrier oscillators
The pencil points to Tele-Dynamics’ new Type 1252 
transistorized subcarrier oscillator—designed to oper
ate directly with millivolt transducers in extreme 
environments. Eliminating the need for preamplifica
tion, the 1252 insures more reliable operation through 
your whole telemetry system.

This new oscillator converts information in the form 
of a low-level varying voltage—such as bridge trans
ducer output—into an FM signal. A modified version 
of the 1252 is packaged with its own integral, regu
lated power supply to furnish instrumentation poten
tial for the bridge.

The other oscillator in the photo is Tele-Dynamics’ 
time-proved Type 1250, hundreds of which have been 
produced for aircraft, missile, and satellite applications.

Both these lightweight, transistorized oscillators 
offer predictable performance, excellent thermal sta
bility, and the ability to withstand the toughest
* Available for immediate delivery.

TELE-DYNAMICS
4ME/UCA/V BOSCH ARMA COHPORArfO/V

Visit our booth, Nos. 51-52 at the 5th Annual Symposium on Space Electronics and Telemetry, Shoreham Hotel, Washington, D. C., Sept. 19-21,1950. 
CIRCLE 207 ON READER-SERVICE CARD

environments. Neither requires a regulated power 
supply. Both are on-the-shelf for immediate delivery.

These oscillators are only two of a family produced 
by Tele-Dynamics for your specific systems needs, 
along with a companion transistorized wideband am
plifier and mount. For detailed technical bulletins, 
call the American Bosch Arma sales offices in Wash
ington, Dayton or Los Angeles. Or write to Tele
Dynamics Division, American Bosch Arma Corpora
tion, 5000 Parkside Avenue, Philadelphia.

7*1«

Across-the-board Competence In Telemetering Systems 
and Components

Commutators—Mechanical and Electric • Pulse-Width 
Modulators • Subcarrier Oscillators • Wideband Amplifiers • 
Transmitters • Power Amplifiers • Receivers • Discriminators 
• Decommutators • Receiving Systems Accessories • 
Guidance Receivers
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DIGEST The Allison 201
There’s News in an Editor’s Work-Week ters can he made to behave in the same manner 

as a Schuler pendulum.
When the system is disturbed by an input 

acceleration, the error oscillation of the position 
output will have a period of 84.4 minutes just as 
in the case in which the mass of the Schuler pen
dulum is displaced from vertical.
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Variable Filter
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Schuler Pendulum Analog Maintains 
Vertical Reference

A Schuler-tuned platform system refers to a 
stable platform whose accelerometers are used in 
a loop which is an analog of the Schuler Pendu
lum. This loop includes a gyro precession axis 
torquer. Since the Schuler pendulum maintains 
an accurate vertical reference, it can be used to 
generate correction signals to tilt the gyro spin 
axes to a vertically referenced plane rather than 
its inertial space reference. The accelerometer out
put is proportional to aircraft acceleration. If this 
acceleration signal is integrated with respect to 
time, it represents the instantaneous velocity of 
the aircraft. Dividing this velocity by the earth’s 
radius (Schuler-tuned) gives the angular velocity 
at which the platform must rotate to remain 
tangent to the earth’s surface. The Schuler-tuned 
signal is applied to the gyro precession torquer 
which is properly scaled to indicate the required 
angular velocity.

Since the value of an oscillating reference may 
be questioned, system designs use auxiliary signals 
to provide damping. Effective damping may be 
provided by data available from air-speed meas
urements, doppler radar, or acceleration signals.

Having established a means of maintaining 
vertical, initial erection of the platform remains to 
be accomplished. Since gravity is an acceleration, 
common practice uses the accelerometer as a verti
cal reference. Its output is fed to a gyro precession 
torquer which actuates the gimbal alignment 
loop. The gimbals drive until the accelerometer 
output is at null, indicating vertical. In those 
cases where accelerometers are not required, ver
tical erection may be achieved by pendulous refer
ence devices or mercury or electrolytic switches.

HERE'S A NEW

PASSIVE NETWORK

FILTER IN THE

SUB-AUDIO RANGE

The new Allison 201 Filter goes 
into the sub-audio range, yet retains 
the desirable characteristics of 
Allison Filters in the audio range. 
The low noise, low distortion and 
excellent transient handling capa
bilities of the 201 make it excel
lent for heart studies, geophysical 
work, low frequency vibrations, 
servo-systems and similar sub
audio frequency spectrum studies.

ALLISON 201 SPECIFICATIONS

• Impedance—600 ohms

• Passive network

• 30 db per octave 

attenuation rate

• Independent high cutoff 

and low cutoff sections

• Low insertion loss

• Smooth pass band

• Negligible ringing

• Frequency coverage — 

1 to 256 cps

• Shipping weight: 35 lbs.

• Price: $695.00 FOB Factory

For Bob Haavind, the above is a typical work-week as a News Editor 
on ELECTRONIC DESIGN.
In covering places where industry news occurs, Bob concentrates on 
subjects of direct importance to ELECTRONIC DESIGN readers. 
He and his fellow News Editors know that engineers want news 
that applies to their work . . . news of research, development, 
technical trends.
That’s why you get practical news . . . exclusive design coverage— 
exclusively, in ELECTRONIC DESIGN.

The Four-Gimbal System
The four-gimbal system, Fig. 3, is similar to 

the three-gimbal system previously described. The 
difference lies in the gimbal sequence and in the 
type of control associated with the addition of 
the fourth or redundant roll gimbal. The four- 
gimbal sequence is azimuth, inner roll, pitch, and 
outer roll. The outer roll gimbal receives its con
trol signal from a pick-off mounted between the 
inner roll and pitch gimbals. This pick-off main
tains perpendicularity between the inner roll and 
pitch gimbals. A gyro signal to control the outer

ELECTRONIC

Write for new catalog 

of Allison Analyzing 

Instruments

Proved 
dependable in 

years of service

Laboratories, Inc
11301 OCEAN AVENUE 

LA HABRA. CALIFORNIA
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"BB" 
SERIES 
RELAYS

STROMBERG-CARLSON
roll gimbal is not necessary’. As a result, roll mo
tions of an aircraft produce only low level plat
form disturbances. The outer roll gimbal servo 
bears most of the burden for roll stabilization.

oes 
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For your automation 
...computing... control 
circuit applications... 

"TELEPHONE QUALITY" 

at an ordinary price
To meet your needs for preci
sion and durability in automa
tion, computing and control cir
cuitry, here is telephone quality 
at an ordinary price.

The “BB” Series Relay ac
commodates up to 100 Form A 
spring combinations. It incor
porates such important advan
tages as twin contacts, knife- 
edge pivot and special frame
armature construction. Like all 
Stromberg-Carlson relays, it is 
built to operate under extreme 
ranges of temperature and hu
midity. Prompt delivery is avail
able on all orders.

For details, in Atlanta call 
TRinity 5-7467; Chicago: STate 
2-4235; Kansas City: HArrison 
1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommu
nication Industrial Sales. 116 
Carlson Rd., Rochester 3, N. Y.

STROMBERG-CARLSON v DIVISION OF 

jENERAL dynamics
CIRCLE 210 ON READER-SERVICE CARD

Three-Gimbal vs Four-Gimbal Systems

The advantages and disadvantages of the three- 
and four-gimbal systems are briefly summarized 
below.

Three-Gimbal System
Advantages:
■ Smaller size and weight
■ Lower cost
Disadvantages:
■ Limited maneuverability of aircraft
■ Lower system accuracy
■ Higher susceptibility to vibration

Four-Gimbal System
Advantages:
■ Unlimited maneuverability of aircraft
■ Magnitude of inner roll gimbal deflections 

are small (on the order of control signal 
level)

■ Reduction of platform drift due to torque 
rectification

■ Attenuation gyro non-linearities effects
■ High system stability
Disadvantages:
■ Greater size and weight due to extra gim

bal
■ Greater complexity due to additional servo
■ Higher over-all cost

Aircraft Maneuverability
Three-Gimbal System

The use of only three gimbals poses a problem 
when the pitch angle approaches 90 deg. In this 
instance, the azimuth and roll axes coincide, and 
one degree of freedom is inadvertently lost (gim
bal lock). For this reason, it is necessary to limit 
the pitch of the aircraft to ±85 deg for a three- 
gimbal system.

Four-Gimbal System
The four-gimbal stable platform has 360 deg of 

freedom about the roll, pitch and azimuth axes. 
This freedom of motion is maintained even when 
the aircraft pitches 90 deg and the redundant 
outer roll gimbal is inactivated by coincidence 
with the azimuth axis. Through the use of an out
put synchro on the inner-roll gimbal, roll stabili
zation is maintained by slaving the redundant 
outer roll gimbal to maintain the pitch and inner- 
roll gimbals orthogonal. In effect the three-gimbal 
platform has been roll-stabilized. Thus unlimited 
aircraft maneuvers can be programed, since 
the four-gimbal platform does not suffer from 
limitations due to gimbal axis orientation.
Reduction of Platform Drift Due to 
Torque Rectification

Drift rate of a gyroscopic stable element is af-
:ard

I960

AC RATIO MEASUREMENTS?

THERE’S A
NORTH ATLANTIC INSTRUMENT 
TO MEET YOUR REQUIREMENTS, 
TOO...
Now—from North Atlantic—you get the complete 
answer to AC ratio instrumentation problems — in the 
laboratory, on the production line, in the field.

Specialists in ratiometry, North Atlantic offers a 
complete line of precision instruments to handle any 
ratio measurement task. All are designed to meet the 
most demanding requirements of missile age 
electronics — provide high accuracy, flexibility, 
component compatability and service-proven 
performance. Some are shown above.

If your project demands total solution to ratio measure
ment problems, write for Data File No. IOS. It provides 

complete specifications and application data and shows 

how North Atlantic's unparalleled experience in ratio

metry can help you.

1. RATIO BOXES
Both laboratory stand
ards and general duty 
models. Ratio accu
racies to 0.0001%.
Operation from 25 

cps to 10 kc.

2. COMPLEX 
VOLTAGE 

RATIOMETERS 
Integrated, single-unit 

system for applica
tions where phase 

relations are critical. 
Accuracy to 0.0001%, 
unaffected by quadra
ture. Three frequency 

operation. Direct read
ing of phase shift in 

milliradians or degrees.

3. PHASE ANGLE 
VOLTMETERS

Versatile readout sys
tem for all ratiometry 

applications, providing 
directreading of 

phase, null, quadra
ture, in-phase and 

total voltage. Broad
band, single-, or 

multiple-frequency 
operation.

4. RATIO 
TEST SETS

Ratio reference and 
readout in one con
venient package for 
production line and 

similar applications. 
Can be supplied with 
any desired combina
tion of ratio box and 

phase angle voltmeter.

NORTH ATLANTIC INDUSTRIES, INC. 
TERMINAL DRIVE, PLAINVIEW, L. I., N.Y. • OVerbrook 1-8600
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DIGEST

SIMULATE INPUTS
MEASURE OUTPUT ANOLES

RECORD DRIFT OF

SERVO SYSTEMS

Specifications

OFF-THE-SHELF-DELIVERY
PRICE-

CIRCLE 216 ON READER-SERVICE CARD

Write today for detailed technical bulletin

GET EXACT SHAFT ROTATION

when you use

NYLON LACING TAPES

CIRCLE 215 ON READER-SERVICE CARD
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EQUIVALENT 
INPUT NOISE

100. adjcstable ±10%

THETA’S 
PRECISION 
ANGULAR 
DIVIDER

• Min 
• Max 
• Win< 
•Wirt
• D ua 

com
• Loai 
• Con 

to 1

Synchros * Resolvers • Pots 
Digital Encoders • Rotary Transducers

The Model 108 will find a wide variety of appli
cations in all phases of low level measurements. It 
is readily adaptable as an ultra-sensitive preampli
fier for use with null detection apparatus, AC vac
uum tube voltmeters, oscillographic and magnetic 
tape recorders, medical electronic instruments, ac
celerometers and many types of transducers.

COLD FLOW is the answer! This amazing 
characteristic of Nylon Lacing Tapes actually 
"locks" the knot, guarantees that it cannot slip.

Yes —you can be SURE, when you specify 
Heminway & Bartlett Nylon Lacing Tapes for 
harness tying, that knots will tie easy and fast 
... hold tightly without slipping. Heminway & 
Bartlett’s special G.E. finish has tremendous 
heat resistance. Tapes are stronger... can't 
cut wires or hands ... are economically priced. 
Try them and be convinced!

OFF-THE- 
SHELF 
DELIVERY

QUIET AMPLIFIER
MODEL 108

• ULTRA LOW NOISE
• SELECTABLE 

BANDWIDTH
• LOW MICROPHONICS
• HIGH INPUT 

IMPEDANCE
• LOW OUTPUT 

IMPEDANCE
• GREATER DYNAMIC 

RANGE

CIRCLE 217 ON READER-SERVICE CARD
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fected by aircraft vibration. Vibration, a cyclic 
disturbance, is particularly detrimental when the 
subsequent gyro displacements are relatively large. 
This phenomenon is ascribed to torque rectifica
tion, which occurs when positive and negative 
portions of the undulating disturbances are not 
averaged out, but instead rectified. Resulting 
biased torque causes the gyros to drift at an ap
preciable rate, degrading system performance.

Three-Gimbal System
Torque rectifying characteristics of a three-gim

bal system become ev ident in the presence of yaw 
oscillation when the aircraft is pitched. In this 
case, angular oscillation causes the roll gimbal to 
cycle, requiring the gimbal torquer to provide the 
motivation. Reaction torque, felt by the platform 
cluster, produces an undulating precession. During 
these undulations, a minute component of the 
momentum vector lies in the plane of the roll 
gimbal, providing the necessary conditions for a 
vector product. The sense of the vector product 
(the uncompensated torque on the gyro) remains 
unchanged because the projection of the momen
tum vector and the axis of roll oscillation are in 
phase. Thus the disturbance, oscillatory in nature, 
is rectified, and a unilateral gyro drift is, in es
sence, produced.

Four-Gimbal System
The four-gimbal system is relatively unaffected 

by torque rectification because the necessary’ 
outer roll gimbal signal is generated by the non
orthogonality of the inner roll and pitch gimbals. 
Since the orientation of these twro gimbals, and 
not that of the gyros, is involved, gyro excursions 
are small. Consequently, platform drift due to 
torque rectification is minimized.
Effects Resulting From Gyro Non-Linearities

Three-Gimbal System
Gyro non-linearities are a product of large gyro 

displacements, and they decrease long-range plat
form reference stability. Direction as well as ve
locity of gyro excursions significantly affect the 
gyro damping constant. Since the magnitude of 
gyro drift is a function of the amplitude of gyro 
excursions, the latter must be limited to low levels.

Four-Gimbal System
The effects of rectification are minimized be

cause gyro excursions are small. This lessening 
occurs because the method of control associated 
with the outer roll gimbal involves a variation in 
the orthogonality of the inner roll and pitch gim
bals, instead of a gyro displacement. As a result, 
roll stabilization is accomplished at the expense 
of gimbal, rather than gyro, orientation. Since ex
ternal disturbances are predominantly evident 
along the roll axis, the fourth gimbal offers a dis-

$215.00 (lesi pow
er sipply) FOB 
Whippany, New Jer
sey
(sebjert to change 
without notice)

Inertial Platforms
Servos
Vertical Gyros 
Navigational Computers

SYSTEM ERROR BRIDGE 
TESTS

Master Transmitters 
Autopilots
Aircraft Indicators 
Antenna Pedestals

Certified accuracy of less than 20 sec of-arc 
composite error at the point of contact with 
your shaft.
Ready to use — no fixturing required.
Approved and used throughout the world.

Write today for detailed technical bulletin.

8 megohms shunted 
by 30 uuf

600 ohms in series 
8 uf

INPUT 
IMPEDANCE

OUTPUT 
IMPEDANCE

VOLTAGE 
GAIN

FREQUENCY 
RESPONSE 
(wide band)

ZACHARIAS ELECTRONICS CORPORATION
PO BOX 246 WHIPPANY, NEW JERSEY TU 7-1616

± 0 2db. 10 cps to 200.
000 cps; ± 0.5db, 5 cps 
to 500.000 eps; — 3db 
± Idb at 1 cps and 1 
mcs

1.5 microvolts RMS max 
imom for 10 kc band
width anywhere between 
10 eps and 1 mcs. 4 
microvolts maximum for 
100 kc bandwidth

Knots are

EM IN WAT 
~Dartlett

MANUFACTURER 3F PRECISE 
TEST EQUIPMENT FOR SERVO 

SYSTEMS.

520 Victor Street * Saddle Brook, New Jersey 
Hubbard 7-3508 • TWX: HKK 952 U

THE HEMINWAY & BARTLETT MFG. CO.
Electronics Division 500 Fifth Avenue, New York 36

NOW!
A SINGLE 

INSTRUMENT TO



NOISE FIGURES

EDGEWISE METER LESS THAN
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Honeywell

Specifications of the amplifier are given below

ARNOLD TOROIDAL COIL WINDER

For additional information write

includes all tings, counters and accessories
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izing 
:ually

Dimennori
Weight: 
Finish:

19" l x 3Vi" H x W 0 
12* lbs.
Gray enamel panel

sets up quickly...easy to operate 
takes wide range of wire sizes

vancement 
instrument 
design

SPECIFICATIONS-* MODEL UH-2(A)SP AMPLIFIERS

LOW NOISE RF AMPLIFIERS

PRODUCTION USE 
• 1500 turns per minute 
• Insert core and load 

in 20 sec.

LABORATORY USE
Change wire and core size 
in 45 sec.

Summary
In applications which do not require a high de

gree of maneuverability and precision, a three- 
gimbal stable element provides the advantages of 
low cost, low weight, compactness, and sim
plicity.

The four-gimbal platform is recommended 
when high accuracy and utmost reliability are 
essential requirements for an intertial platform. 
Although it is larger in size and weight and more 
complex than a three-gimbal stable element, the 
four-gimbal arrangement provides the advantages 
of unlimited maneuverability, system stability, 
and the lowest drift rate obtainable.

Digested from "The Stable Platform,n a chapter 
in the recently published handbook Technical 
Information for the Engineer—Gyros by Bernard 
Lichtenstein of the Kearfott Corp. Other sections 
in the handbook deal with gyroscope theory, 
drift errors, vertical, free, rate, and rate inte
grating gyros, and precision accelerometers. 
Free copies can be obtained by writing on com
pany letterhead to Dept. 9-9600, Kearfott Div., 
General Precision, Inc., Little Falls, N.J.
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- SjV immediate delivery, literature on request
/Q'l ARNOLD MAGNETICS CORP.

‘ 6050 W. Jefferson Blvd., Los Angeles 16, Calif.

b VErmont 7-5313
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cemible degree of platform isolation, minimizing 
the gyro drift.
System Servo Stability

During aircraft motions involving large pitch 
angles, the gimbal roll axis (which is parallel to 
the aircraft roll axis) assumes an angle with re
spect to the stable cluster. Under this condition, 
the gimbal roll axis is not parallel to the plane 
containing the input axes of the vertical gyros. The 
respective gyros perceive a component of roll, 
while the system is required to displace the ap
propriate gimbals by an amount equal to the full 
value of roll. This is accomplished by multiplying 
the gain of the roll servo by the reciprocal of the 
cosine of the pitch angle.

Three-Gimbal System
Over-all stability of the roll servo is a function 

of the open loop gain and the gyro damping feed
back torque. For a three-gimbal system, both the 
open Joop gain of the roll axis and the gyro damp
ing feedback torque vary as the cosine of the 
pitch angle. The value of the cosine function is 
small at high pitch angles. Hence the gain and 
damping are also small, and it is evident that a 
“cone of instability” exists.

Four-Gimbal System
Various applications that do not evolve the 

secant expander and the variable gain associated 
with it are available in four-gimbal systems. Thus, 
the variable gain required by changing geometric 
orientation of the pitch gimbal is a problem that 
is easily resolved by a four-gimbal system. Im
proved system stability and extended frequency 
response result.

SPECIFICATIONS:
• Min. finished hole size: .18 in.
• Max. finished toroid O.D.: 4.0 in.
• Winding speed' 1500 turns/min
• Wire range: AWG 44 to AWG 26
• Dual, self-checking turns 

counting system
• I <ading (wire length) counter
• Core range: I.D. to 4* O.D.

to l»/2* high

Center frequency between 30 MC 
and 300 MC

Up to 10% of center frequency
Greater than 20 DB (function of freq 

and BW)
<1DBat30MCto <3DBa*300MC 

(function of freq, and BW)
SO ohms 
$0 ohms 
Type BNC, or N 
Typo BNC, or N 
2 prong motor base receptacle

Amplifier Model UH-2(A)SP is available at any preset 

frequency between 30 and 300 MC. This amplifier is a 

two tube unit with broadband response, high gain, and 

low noise Figure. The unit requires no additional air cool

ing supply, as natural ventilation is used. The amplifier 

and its power supply are assembled on a 19" I x 3’/a" H 

panel suitable for rack mounting. Small size and low 

weight are featured in the rugged amplifier chassis.

Large, easily read display (1 7IW scale! in 
only 9/i6" * I 7/e panel space. For hori
zontal or vertical mounting. Miniature, self
shielded Coaxial mechanism has stability 
ond durability of larger instruments. Weight 
1.7 oz. Supplied with combination mounting 
bracket and bezel (not shown). Data on 

request. Marion Instrument Division, 
Minneapolis - Honeywell Regulator Co., 

Manchester, New Hampshire, U.S.A. In 
Canada, Honeywell Controls Limited, 
Toronto 17, Ontario.

I DB at 30 MC 
3 DB at 300 MC

516 

tion

Not»« figure.

Source impedance: 
Output impedance*. 
Connector«-, input 

output 
power
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FOB 
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Frequency range

Bandwidth 
Gain:

Applied Research ine.
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Design with versatile, 
POLYPENCO® Teflon*TFE shapes

DIGEST

Machined from ROD
Insulators for high temperature hermetic feed- 
thru terminals, economically machined from 
POLYPENCO TFE-fluorocarbon rod. Used 
in transformers, capacitors, relays, etc., ter
minals have outstanding electrical properties 
and are relatively unaffected by heat or moisture. 
(Photo courtesy, Lundey Associates)

Stamped from STRIP
TFE washer stamped from POLYPENCO 
TFE strip is spring clamped against idler wheel 
in record player. Low surface friction on con
tact permits easy turning of wheel. Resilience 
and non-adhesive characteristics were also 
important.
(Photo courtesy, Glaser-Steers Corp.)

Cut from TUBING
TFE spaghetti tubing in telemetering equip
ment maintains exceptional insulating proper
ties at elevated temperatures, 100r( relative 
humidity, and under constant vibration. Tub
ing is unaffected by soldering heats, and bend
ing and flexing during assembly.

TEFLON SHAPES AND SIZES 
AVAILABLE FROM NATIONWIDE 
STOCK LOCATIONS
ROD

Diameter: to 7%' in various lengths
TUBING

O.D. 14'to 12'
I.D. to 6H' depending on O.D.

SHEET
Thickness: ’/u' to 2'
Sizes: 12* x 12*, 24' x 24', and 48’ x 48r 

TAPE
Thickness: .001' to .125’
Widths: 14* to 24' 
Ten fade-proof colors

SPAGHETTI TUBING
AWG sizes 30 to 0.
Thin and regular wall thicknesses
Ten fade-proof colors for coding

THIN WALL TUBING
I.D. %' to 1'
Wall thickness: .030' to .050’

ROUND AND SQUARE BEADING
Round: Diam. .030' to .150'
Square: .020' to .156' across the sides 

Rectangular and Square Bars also available 1(a) = e a Cap

ELECTRONIC
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Cut from TAPE
POLYPENCO TFE tape, operable at tempera
tures to 500°F., permits miniaturization of 
42,000 volt transformer, reducing weight from 
20 to 14 pounds. Heat resistance assists minia
turization since smaller transformers have 
higher temperature rises.
(Photo courtesy, Gostin Electric & Mfg. Co.)

DESIGN AND ENGINEERING HELP
Design and engineering assistance, or help on 
any industrial plastics problem is as near as 
your telephone—and yours without obligation. 
Take advantage of Polymer’s experience and 
plastics know-how by calling or writing today!

•Du Pont TRADEMARKfor 
fluorocarbon resins

The Polymer Corporation 
of Pennsylvania

Reading, Pa.

POLYPENCO

1(a) = e-* Ct 
where C is the cost per hour of testing. Letting 
a be i/p,

Cost, Failure Time 
Dictate Unit Size 

In Reliability Test

\A/ HAT IS the best unit of equipment—or 
• * sub-system—for reliability testing?
This report considers a system composed of 

two sub-assemblies, X and Y. One of the sub
units, X, can be marketed on its own, and re
quires reliability data as an individual piece. 
When considered alone, or apart from the entire 
system, the X unit will be denoted by Z.

The question is: Should the reliability test be 
carried out on Z and the XX combination, or 
should the tests be made on Z and X and Y sep
arately (with Z and X considered interchange
able)?

Reliability Test Would Consist 
Of Running Unit for f Hours

In practice, the reliability test would consist 
of running the unit for t hours, without failure 
or a drop in top performance. The probability of 
successful operation for t hours is:

P = e~^
where p is the actual Mean Time Between Fail
ure (MTBF) of the system. Therefore the cost 
of a successful test would be:

small

light..

CICOIL Super-Flex

STRANDED-WIRE 
FLAT CABLE 

for the ultimate in

FLEXIBILITY
CiCOIL Super-Flex multi-conductor cable is 
ideal for use where extremes of temper
ature, movement and vibration preclude the 
use of other materials in missile packages, 
computers, gyro and radar systems. They 
provide light, reliable and compact harness
ing of even the most complex electronic 
circuitry.
Super-Flex cables are made of stranded 
conductors, precisely spaced in CICOIL's 
specially processed silicone rubber base 
compound. Cables are made in lengths up 
to 8 feet, and widths determined by the 
size and number of conductors.
Cable termination can be supplied bare or 
with commercial or military grade connect
ors. Special connectors can be molded by 
CICOIL to meet your requirements.

Write for new brochure 
and complete technical data

CICOIL
CORPORATION
13833 SATICOY STREET 

VAN N U Y S , CALIFORNIA 

STate 1-3440



Ireliability

Here is a complete line of transistorized power supplies. Exacting 
performance of the unique differential DC amplifier assures extremely 
tight static and dynamic regulation; ultrafast response . . . less than 
20 psec; very low output impedance and a high degree of drift stability 
with temperature — plus complete protection from short circuits and 
overload.

The probability of unsuccessful operation for 
the t hour test is:

POLYCON

...based 
on

experience

Therefore, if D is the totality of costs associated 
with, and incurred by, unsuccessful operation, the 
cost of an unsuccessful reliability run of 
t hours is:

1(b) = (1 - e~a)D
The cost D is interpreted to include the delay in 
shipment from the production line when unreli
ability is discovered and until reliability is re
stored.

lex
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ultra-high 
precision 
capacitors
Southern Electronics high-precision 
capacitors are demonstrating their proven 
reliability today in twelve different 
missiles, analog computers, and many radar 
and communications applications.
SEC high-precision capacitors utilize 
polystyrene, providing .01% tolerances, and 
mylar and teflon to meet .5% 
requirements. They show excellent stability 
characteristics over an extended 
temperature range, and tolerances are 
unaffected even at extreme high altitudes. 
The unusual accuracy, stability and 
reliability of SEC capacitors are the result of 
engineering experience concentrated 
on the design and manufacture of precision 
capacitors only, plus rigid quality control 
standards subjecting each capacitor 
to seven inspections during manufacture, 
plus final inspection.
Our engineering experience enables us to 
meet your size requirements, while 
holding to exact capacitance and tolerance 
specifications.
SEC capacitors are manufactured in a 
wide range of capacitance to meet your 
needs from 100 mmfd. to any higher value, 
and meet or exceed the most rigid MIL-SPECS.

Write today for detailed technical 
data and general catalog.

Pioneers in custom precision 
capacitor engineering

Probability of Unsuccessful Test
Considered in Computing Cost

Therefore, the probable cost of testing Z and 
the XY combination is the sum of the probable 
costs of successful and unsuccessful operation of 
Z and the XY combination:

/ = e~a Cz etpz 4" (1 — 6~a) Dz 
e~a Cxy otpxY + (1 — e-“) Dxy

If the alternative method of testing were con
sidered-combining Z and X data because Z and 
X are interchangeable and treating Y as a sepa
rate unit—test data become available more rap
idly producing lower C values. However, D 
values would increase because a failure in Z 
would delay both Z and X (and hence XY) ship
ments. The cost equation for this alternative 
case is:

1’ = e~a (1— s) Cza (hz—pxy)
4- 0.5 (1—e“®^“^) (Dz+Dxr)
4- 0.5 (1— e~ag) (Dz+Dxy) 4- e~a(l~g) Cxy pxy

4- (1— Dxy

where the subscripts denote the equipment unit 
to which the quantity applies and s is the ratio 
Pay/^z-

stranded 
CICOIL’s 
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igths up 

by the
bare or 

connect- 
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Testing X and Y Separately is Better
When MTBF’s are Low

For the testing alternatives considered, the 
following conclusions were drawn. Testing the 
X and Y portions of XY separately and regarding 
X and Z as interchangeable is the better method 
when:

CARD

1960

SOUTHERN! 
ELECTRONICS!1 

^ci/tola/ton '

150 WEST CYPRESS AVENUE | 
BURBANK, CALIFORNIA

it

1) XY, Y and Z MTBF’s are low.
2) The MTBF’s are nearly equal.
3) Testing time is kept to a minimum.
4) Delay costs are nearly equal.
Testing XY as a combined unit is preferable if 
is necessary to test to a high confidence or 

when there is a significant disparity between de
lay costs for the two methods.

Digested from Balancing Equations for Mode 
Selection in Reliability Analysis, by Leonard 
Janofsky. Delivered to Operations Research So
ciety of America, May 19, 1960.
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WIDE-RANGE 
TRANSISTORIZED 
POWER SUPPLIES:

available for immediate 
off-the-shelf delivery

These transistorized supplies, contained in compact light-weight con
soles, have front and rear terminals, permitting either rack or cabinet 
installation for such applications as laboratory, computer power (digital 
or analog), production testing, and ground support equipment.

I CHECK THE FOLLOWING CHART FOR YOUR REQUIREMENTS:

Output 
Voltage

DC

Output 
Amps

DC

Static 
Regulation

Output 
Impedance

Ripple Panel 
Height

Load Line Ohms Millivolts 
Peak-to-peak

T-200-C 0-10 0-3 .03% .03% .040 2.0 314
T-205-C 0-10 0-10 •03% .03% .012 2.0 3%
T-210-C 0-10 0-30 •03% •03% .004 2.0 5%
T-215-C 0-32 01 •02% .02% .240 2.0 3%
T-220-C 0-32 0-3 .02% .02% .080 2.0 3%
T-225-C 0-32 0-10 .02% .02% .024 2.0 5%
T-221-C 0-50 0-2 •02% .03% .200 4.5 3%
T-230-C 0-150 0-0.75 .02% .05% 1 000 6.0 3%
T-235-C 0-150 0-2 .02% .05% .500 6.0 5y4

Write for the Armour Stablvolt catalog 
describing the complete line of tran* 
sistorized and magnetically regulated 
power supplies for your application.

division of Magnetic Research Corp.
3160 W. EL SEGUNDO BLVD., HAWTHORNE, CALIF. 
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work in Southern California on the

ADVANCED OPPORTUNITIES FOR SENIOR ENGINEERS
Bendix-Pacific Division, North Hollywood, California, as a member of the Bendix Corporation "EAGLE" Develop
ment Team, is a major contributor to the Navy’s newest air-to-air Missile "EAGLE." This weapon system is a second 
generation air-to-air Fleet Defense System and offers challenging design opportunities to the creative engineer.

ADVANCED POSITIONS ARE OPEN TO MEN WITH BACHELOR, MASTER AND DOCTOR DEGREES IN 
ELECTRICAL AND MECHANICAL ENGINEERING WITH EXPERIENCE IN ELECTRONIC CIRCUIT DESIGN AND 
MECHANICAL PACKAGING. OTHER HIGH-LEVEL ELECTRONIC ENGINEERING POSITIONS AVAILABLE

REPORT BRIEF«»
RFI-Fi Iters

A description is given of ratio interferen e 
filter F-312(XW-1)/G as delivered on contre t 
AF30(635)2908. The filter is a development mod 1 
of a capacitor storage signal integrator design* d 
for use in direction finding equipment. Design* 1 
as a replacement for other more cumberson e 
equipment, it is an effective means of improve g 
the signal-to-noise ratio to the point where a 
usable output is obtained when the input sign; 1- 
to-noise ratio is 0.066. Certain recommendations 
are made for further improvement and reduction 
in the input power requirements. Radio Interfer
ence Filter F-312(XW-1)/G, Andersen Labora
tories, Inc., West Hartford, Conn., Feb. 15, 1957, 
22 pp, Microfilm $2.70, Photocopy $4.80. Order 
PB 145439 from Library of Congress, Washington 
25, D.C.

Please send resume to

W. C. WALKER,
ENGINEERING EMPLOYMENT MANAGER

Bendix-Pacific Division
11604 SHERMAN WAY 
NORTH HOLLYWOOD, CALIFORNIA

CIRCLE 913 ON CAREER INQUIRY CARD, PAGE 199

B recise
—■■M TemptTemperature

DELTA PORTABLE 
TEMPERATURE 

CHAMBERS

Control

I )■
Model 1060W
Test Volume 16 x7 «7

» •«

o • ■

Model 1060R, 
Rack Mounted 
Test Volume 10 x/ x7

-100°F to +500°F
ACCURATE TEMPERATURE 
CONTROL, without overshoot 
and without drift.

•
SAVES TIME by bringing the 
environment to the engineer 
instead of scheduling time in 
large, slow chambers.

■
VERSATILE—test for high and 
low temperatures in the same 
chamber.

•
AUTOMATIC CYCLING timer

equipment

Other chamber sizes and 
models are also available

Sales Office

7460 GIRARD AVENUE 
LA JOLLA, CALIF.

GLencouit 4-1 185 TWX LAJ6453
DELTA DESIGN, Inc.

San Diego |

CIRCLE 225 ON READER-SERVICE CARD

Ylnymlte Flexible 
Coupling

Low cost. Thousands of 
uses for manual con
trols. tuners, plug-In 
units, sub-miniaturiza
tion, etc. Size 1/2* 
dia. by 21/32* long. 
No backlash. Insulat
ing nylon center piece.

You can save apace and weight by using 
Renbrandt Flexible Couplings. TTiey have 
torsional rigidity, angular and linear flexibil
ity, low inertia and yet are entirely free of 
backkuh The unique disc-type design as
sures long life at a moderate price. Available 
for 1/16* through 1/2* shafts in all combi
nations. Many hub styles including damp,

MINIATURE SIZE
ZERO BACKLASH

RENBRANDT Flexible Couplings
for electromechanical instruments

Reliability

Outlined is the basic program required to de
velop reliability prediction techniques, to stand
ardize reliability terminology, and to provide a 
tentative prediction technique for verification ex
periments on existing systems. Application to new 
systems now in the system-planning stage is also 
discussed. Prepared early in the course of the over
all program, this report is somewhat speculative 
in nature. However, it describes the frame of ref
erence within which the investigation is being un
dertaken. Investigation of Electronic Equipment 
Reliability, Progress Report No. 1 on Air Force 
Reliability Assurance Program, Aeronautical 
Radio, Inc., Washington, D.C., Feb. 15, 1956, 
107 pp, Microfilm $5.70, Photocopy $16.80. Order 
PB 145919 from Library of Congress, Washington 
25, D. C.

Prompt delivery on prototype or produc
tion order». Send for catalog or »end your 
requirement» for quote».

Renbrandt, Inc. 
6-B Parmelee St. 
Boston 18, Mass. 

______________________________ | tel: Highlands 5-8910

CIRCLE 226 ON READER-SERVICE CARD

Equipment Cooling

Results of a study of cooling systems for elec
tronic equipment for vehicles operating at veloci
ties of mach 8.0 to 20.0 at altitudes from 80,000 
to 200,000 ft. Included are problems of ballistic 
and glide re-entry, but not of space and orbital 
flight and sustained-power aerodynamic flight 
Comparisons are presented of expendable heat 
sink materials, pressurization gases, heat transport 
fluids and several simplified cooling systems. The 
effect on system weight of such things as com
partment insulation, electric load, leakage, flight 
time, equipment operating temperature and 
ground operations are shown. A system using 
water as the heat sink, water on liquid ammonia
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TADANAC BRAND

0162

CIRCLE 227 ON READER-SERVICE CARD

actual size

Wakefield, Mass., CRystal 9*4580

CIRCLE 229 ON READER-SERVICE CARD
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as the transport fluid and vaporized ammonia for 
pressurization was the lightest system of those 
analyzed. Study of Equipment Cooling Systems. 
Fred E. Schroeder, Edward E. Towe et al., Boe
ing Airplane Co., Seattle, Wash., Nov. 1959, 173 
pp, $3.00. Order PB 161484 from OTS, Washing
ton 25, D.C.

Grayhill 
Series 24 
Miniature 

Rotary 
Tap Switch

High Purity 

LEAD

t MANUFACTURING COMPANY, INC. 
RELIABILITY THROUGH QUALITY CONTROL

s com
. flight

using 
unonia

TADANAC Brand High Purity Lead is 
99.9999% pure and is available in ingots, 
rods, powder, sheets and shot. It is also 
available as disc and spherical pellets and 
washers, suitable as solder preforms or for 
direct alloying with germanium in the pro
duction of alloy-junction transistors or 
diodes.

Other high purity TADANAC Brand 
metals or compounds include Special Re
search Grade antimony, indium and tin; 
High Purity Grade bismuth, cadmium, 
indium, silver, tin, zinc and indium anti
monide. Send for our brochure—TADANAC 
Brand High Purity Metals.

•Nominal 50 ohm characteristic impedance, 500 volte rms peak and 10,000 
megacycles practical frequency limit.

•Operating temperature range: —65F to +350F.
• Mem or exceeds all applicable requirements of MIL-STD-202A and 
MIL-E-5272B.

•Configurations for all typical applications including adapters to BNC and 
TNC connectors.

•Metal parts are heavily silver plated for maximum corrosion-resistance 
... protected with Indite to retard tarnishing All contacts are gold-plated 

•Standard KtJ oL'int adaptera and connectera are stocked for rm- 
mediate delivery._____  _______________________________

RFI—Spurious Emissions
The mechanism for generating unwanted sig

nals in high power microwave tubes was studied 
qualitatively. Several techniques for suppression 
of these signals are reported. These are by: (1) 
modulator design, (2) drive signal filtering, (3) 
undesired signal monitoring, (4) mode suppression 
and integral filtering, and (5) improved tube de
sign. A cold-test model integral filter tube was 
made, and the incorporation of a harmonic filter 
in the vacuum envelope was found to be feasible. 
Measurement and Control of Harmonic and 
Spurious Microwave Energy. Gabriel Novick and 
Vernon G. Price, General Electric Microwave 
Laboratory, Palo Alto, Calif., May 1959, 86 pp, 
Microfilm $4.80, Photocopy $13.80. Order PB 
145604 from Library of Congress, Washington 25, 
D.C.

THE CONSOLIDATED MINING AND SMELTING COMPANY UF CANADA LIMITED
215 ST JAMES ST W., MONTREAL 1, QUEBEC CANADA - PHONE AVtwuf 8-3103
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PCM Timing
The underlying principle of the PCM timing 

system is pulse transmission of data; precise timing 
and control functions are derived by digital tech
niques and sent to test-range instrument sites via 
a 9-channel pulse-code-modulated uhf radio link. 
This report, one of a series on the entire timing 
system, is an introduction to the system as a 
whole. The NOTS PCM Timing System: An 
Over-All Description, J. B. Moffett, Naval Ord
nance Test Station, China Lake, Calif., Aug. 1959, 
67 pp, Microfilm $3.90, Photocopy $10.80. Order 
PB 145382 from Library of Congress, Washington 
25, D.C.

, EL 2g Í Phone: FLeetwood 4-10‘
' ’ / * ' CAK Mil *

565 Hillgrovo Avenue, 
LaGrange, Illinois
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Thin Magnetic Films
Magnetic properties of thin Permalloy films 

and also MnBi films having their easy-magneti- 
zation axis perpendicular to the plane of the film 
were investigated. The engineering parameters 
of importance for high-speed memory applica
tions are defined. Several appendices are devoted 
to instrumentation that has been found useful in 
magnetic-film research. The Magnetic Properties 
of Thin Films, J. B. Goodenough and D. O. 
Smith, Massachusetts Institute of Technology, 
Lincoln Laboratory, Lexington, Mass., Jan. 1959, 
42 pp, Microfilm $3.30, Photocopy $7.80. Order 
PB 146498 from Library of Congress, Washing
ton 25, D.C.
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'PIONEERS IN MINIATURIZATION! 
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REPLACE STANDARDS WITH MINIATURES! Now, because of 
GREMAR CONNECTRONICS (T), it is possible to miniaturize your RF 
cable assemblies and still maintain rigid electrical specs
Id, J elnf Miniatures, identified by their red Teflon insulation, are half 
the sire and weight of the reliability-proved GREMAR TNC Connectors.

DESIGNED FOR USE WITH MIL-TYPE SUBMINIATURE COAXIAL 
CABLES, Ki J nLlnt Miniature Connectors and adapters feature:

•A new patented metal-to-metal cable clamping method which saves up to 
80% of your cable assembly time while assuring a lower, more constant

to de
stand
ride a 
on ex
o new

WRITE FOR BULLETIN 9 containing complete data on 
G remar J&J aUnt T Miniatures. Literature on all other 
RF connectors is available for the asking.

^GREMAR

NOW

with positive detent

Wr/fe for Catalog

cremar

Miniature RF 
Connectors 
Match Electrical Specs

NEW

CREMAR

ONLY 1.01 " IN DIAMETER

• 1 to 10 decks

• Up to 10 positions per deck

• Shorting ot Non-Shotting

SPRING RETURN MODEL available 
with up to 4 detent positions and a 
momentary spring return position. 1 to 
3 decks.

Grayhill Series 24 Rotary Tap Switch 
has a precision detent action that pro
vides accurate, positive indexing un
usual in miniature switches.

CONNECTORS 
BRING RELIABLE 
MINIATURIZATION 
TO COAXIAL CABLE 
ASSEMBLIES!
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1.2 Purpose—The purpose of this standard is 
to foster compatibility between aircraft electric 
system and airborne utilization equipment to the 
extent of confining the aircraft electric power 
characteristics within definitive limits and re
stricting the requirements imposed on the electric 
power by the airborne utilization equipment.

c. The utilization load condition will not reflect 
a change of any power system characteristic.

The imperfections are considered in MIL-STD- 
704; it defines the electric system characteristics, 
delineates limits of variations and, in turn, re
stricts the use of aircraft electric power so that 
the characteristics are not altered beyond their 
defined limits.

MIL-STD-704 implements the weapons concept 
by considering the aircraft as a complete func
tioning unit; it considers each power characteristic 
as a distinct design influence on utilization equip
ment. An electric system characteristic is often 
subdivided to segregate differences of design in
fluence on the utilization equipment, although the 
over-all electric system characteristic would be 
adequate in terms of defining electric power.

MIL-E-7894 was originally developed to end 
controversy between aircraft electric system de
signers and utilization equipment designers. 
Power system designers tried to maintain wide 
limits, while the utilization equipment designers 
tried to narrow* the same limits. Thus, a specifi
cation was required to step between and define 
the characteristics of electric powder at the termi
nals of the utilization equipment—at the point 
where the power system stops and utilization 
equipment begins. From such a specification the 
electric powder designer will know what power 
characteristics he must supply before any knowl
edge of the connected load; and the utilization 
equipment designer will know what power he 
must use before any knowledge of the actual 
power source (each knowing his responsibilities 
in his areas). This concept is described in MIL- 
STD-704 as quoted below:

1.1 Scope—This standard delineates the char
acteristics of electric power to be supplied to air
borne equipment at the equipment terminals and 
the requirements for the utilization of such elec
tric power by the airborne equipment.

Spec Helps Make
Aircraft Integrated Weapon

Aircraft electric powTer equipments are devel
oped without any knowledge of the actual air
craft loads that will be seen in service. The power 
system developments have lead times between 
one-half to three years. Utilization equipments 
are developed with one to five years of lead time. 
Utilization equipment designers seldom know* in 
advance w’hat electric systems will be used with 
their equipments. In such situations a common 
denominator is sorely needed; it is MIL-STD-704. 
Thus this spec is an essential key in coordinating 
electric power with utilization equipment and 
helping to make the aircraft an integrated 
weapon.

Increasing sophistication of utilization equip
ment is becoming more demanding on electric 
systems characteristics. Different utilization equip
ment within one aircraft often demand different 
limits within a characteristic in conflict with each 
other, creating a situation impossible for any 
given electric system to meet. MIL-STD-704 at
tempts to resolve these differences with distinct 
and bold limits that avoid the conflicting aspects 
at an early enough design stage so that only mini
mum penalties are absorbed by the equipments 
involved.

Developers of MIL-STD-704 balanced the spe
cial requirements of sophisticated airborne elec
tronics equipments against “state of art" in air
borne power. Setting the defined MIL-STD-704 
limits to meet all the electronics special require-
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Oscar Markowitz

U. S. Naval Air Development Center 
Johnsville, Pa.

Proper application of mil-std-704, 
“Characteristics and Utilization Of Aircraft 

Electric Power” (6 October 1959) will help de
signers achieve better performance and increased 
reliability in electronic equipment destined for 
airborne use. It contains many new facets never 
specified previously by the Services.

MIL-STD-704, currently released by the Gov
ernment Printing Office, is an extensive revision 
and modernization of MIL-E-7894A. ‘Electric 
Power, Aircraft Characteristics Of”. MIL-E- 
7894A was a limited-coordinated specification 
between the U. S. Navy and Air Force; MIL- 
STD-704 is a fully <*oordinated standard, binding 
on all Services. During its period of coordination, 
MIL-STD-704 has been used as a guide for the 
more sophisticated systems and a guide for mis
sile, 400-cps power.

Background and Philosophy 
of MIL-STD-704

With increasing sophistication of airborne elec- 
lectronics, it has become clear that aircraft elec
tric power cannot be subservient and accede to 
all the demands imposed by power utilization 
equipment. Power characteristic demands of utili
zation equipment vary so widely from each other, 
but are so narrow’ in themselves that many con
flicts arise with many utilization equipments 
drawing power from the same source. It is an 
engineering impossibility to obtain a perfect elec
tric power source, that is:
a. All characteristics are fixed parameters (for ex
ample: frequency, voltage) with no measurable 
variations,
b. There are no losses from distribution of power 
and protection of power source, and

MIL-STD-704 Helps Designers Achieve More 
Performance, Reliability In Airborne Equipment
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meats would put all the weight penalty on the 
power system while being impossible in terms of 
“state of art.”

It was realized that no specification or standard 
could be made to include all aircraft utilization 
equipments and electric systems. If MIL-STD- 
704 had been written to allow every requirement 
such breadth and tolerance that all electric sys
tems could conform, then there would be no use
fulness remaining as a control. All penalties would 
have to be built into the utilization equipment to 
make the over-all situation compatible. Each 
characteristic was weighed independently in terms 
of a compromise most economical to the over-all 
aircraft.

No compromise could be made completely 
satisfactory to those responsible for electric power 
system design and those responsible for utilization 
equipment design. The Services, thus, anticipate 
pressures from “both sides of the fence” for 
changes. When arguments become sufficiently 
potent in an individual application a deviation 
max' be allowed by the cognizant Service for that 
particular case. Constant monitoring is anticipated 
by the Services to provide sufficient surveillance 
of “state of art,” actual conformance to MIL-STD- 
704, and approved or disallowed “deviations.” 
These surveillance experiences will provide the 
basis for future revisions.

Because each additional pound of equipment 
in a new design aircraft adds seven pounds of 
weight to the aircraft, minimum-weight accessory 
equipment are essential for the aircraft to achieve 
maximum range, pay load, and speed. The obvious 
complex between minimum weight and maximum 
accessory performance or reliability must be con
tinuously explored and resolved.

Studies were made to find the common denomi
nators for aircraft. It was considered that inclu
sive allowance of extremes would penalize every 
aircraft for the extremes of few aircraft. Each ex
treme was studied for validity as a factor toward 
the common denominators. As a result, basic de
cisions and assumptions were made to define the 
boundaries to remain consistent throughout the 
standard. Exclusions because of the assumptions 
are the rare situation that will require inde
pendent consideration and approval from the 
Services. For a fuller understanding and easier in
terpretation of MIL-STD-704, the following 
sumptions and decisions are discussed:

as-

Twelve of Spec’s Assumptions Discussed
1. Characteristics of the aircraft electric power 
system are not summations of all the extremes of 
ch iracteristics obtained from qualification re- 
qurements of the individual component parts 
th: t make up the electric power system. Such a

ACTUAL SIZE

Continental Connector
MINIATURE PRINTED CIRCUIT 

CONNECTORS
Continental printed circuit connectors and "Bellowform” contacts are covered by patent number 2,875,425

Series 600 7 1 18 contacts 
for 3/64 PC board or cable

Series 600 4PCSC13 13 contacts 
for 1/32 PC board oi cable

Series 600 4PC10 10 dual contacts 
for 1/32 PC board or cable

R WHERE RELIABILITY IS A MUST
and space limitations are critical... 

specify Continental Miniature PC Connectors

Series 600 precision miniature printed circuit connectors pro
vide a positive, space-saving connection between printed cir
cuitry and conventional wiring, through printed circuit 
boards, tape cables or plug-mounted sub-assemblies.

SERIES 600-7-1. For 364" printed circuit board or tape cable. 
18 contacts for #24 AWG wire. Solder lug terminations are 
staggered to simplify soldering operations.

SERIES 600-4PCSC13. For W printed circuit board or tape 
cable. 13 staggered contacts accommodate #22 AWG wire. 
Module design permits stacking of any reasonable number of 
single units. Contacts have minimum spacing with maximum 
contact wiping surface.

SERIES 600-4PC10. Accepts printed circuit board or 
tape cable. Double row of 10 contacts with solder lug termi
nations provides a total of 20 connections. For #22 AWG 
wire. Overall length only 1%".

Continental Connector’s “Bellowform” contacts are used 
in this series and provide coil spring action grip that clasps 
the printed circuit board firmly over the entire contact area 
regardless of board tolerance variations.

Contact material is spring temper phosphor bronze with 
gold plate over silver plate. Body molding compound is glass 
reinforced Diallyl Phthalate (MIL-M-19833, Type GDI-30, 
green color).

Technical literature on Continental Connector Series 600 
Miniature PC Connectors is available on request. Write to 
Electronics Division, DeJUR-AMSCO CORPORATION, 
45-01 Northern Boulevard, Long Island City 1, N. Y. (Exclu
sive Sales Agent)

Il R Fl R M R HL JR M ML A A
C ONTINENTAL

CONNECT«»®

MANUFACTURED BY 
CONTINENTAL CONNECTOR CORPORATION. 

AMERICA'S FASTEST GROWING LINE OF 
PRECISION CONNECTORS
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IERC 
TRANSISTOR 
HEAT 
DISSIPATOR 
HI actual size

accepts .305 to .335 variations in TO-5 cases!

2. MULTIPLE 

MOUNTING

IERC Transistor Heat-dissipating Retainers 
readily accommodate diameter variations up 
to .030" found in T0-5, T0-9, T0-11, T0-39 
transistor cases. This single IERC part saves 
you time and costs in specifying, stocking 
and application.
lERC’s exclusive design features maximum 
thermal contact with transistor case for effi
cient transfer of heat to the dissipator and 
heat sink. Attaching methods suitable for 
printed circuit boards, chassis and heat sinks 
provide thermal benefits and retention in 
extreme shock and vibration environments.
Installation is a smooth, tension fit—elimi
nating the possibility of “snap-fit’1 impact 
injuries to the transistor!

1 RIVET SCREW

3. BACK-TO-BACK 

MOUNTING

Simplified installation for effective heat dissipation with IERC Tran
sistor Heat Dissipators are illustrated: 1. Parts available in rivet or 
screw attaching types. 2. Single or multiple mounting on heat sink 
angle. 3. Back-to-back mounting.

Detailed information, performance graphs, etc. are available in 
latest IERC Technical Bulletin. Write for a copy today!

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION
135 West Magnolia Boulevard, Burbank, California 

Foreign Manufacturers: Europelec, Paris, France. Garrard Mfg. & Eng. Co." Ltd., Swindon, England.
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STANDARD AND SPECS
summation would be unrealistic in terms of ac
tual aircraft operation and force excessive penal
ties on all aircraft utilization equipments.
2. The characteristics of the electric power sys
tems do not consider a source smaller than 1,500 
va, ac, or 50 amp de. The steady-state voltage 
limits and transient limits are much wider in these 
low-capacity power sources. Primary de power 
sources of less than 50-amp capacity are relatively 
rare in military aircraft. There are a few applica
tions of transformer-rectifiers (T-R) having ca
pacities under 50 amp de. These T-R systems 
should be evaluated carefully to determine char
acteristics when providing power to the actual 
equipment. There are quite a few inverters used 
in military aircraft for instrument systems of ca
pacity’ less than 1,500 va. These inverters were 
excluded because they cannot provide regulation 
or phase balance within limits reasonable for pri
mary ac power systems. With increasing instru
ments loads for the latest aircraft and primary 
electric power system redundancy for reliability, 
the low-power inverter for instruments can be
come rare.
3. Electric power systems will be rated from dis
crete capacities such as 1.5, 2.5, 10, 20, 30, 40, 60, 
90, and 120 kva; or 50, 100, 200, 300, and 400 
amp. This assumption was made to eliminate the 
cases where special required characteristics are 
obtained such as up-rating a generator, while 
other characteristics cannot be maintained at the 
new rating. There are many interdependent char
acteristics within a generating system. With gen
erating equipment qualified for the discrete rat
ing, over-all characteristics can be maintained only 
when used within the discrete rating.
4. Initial warm-up of the electric power system 
(first 5 min) is not included with other aircraft 
operations such as take-off, climb, cruise, com
bat, or landing operations. Limits for steady-state 
voltage can be narrowed considerably, if warm-up 
is not included. This is a valid assumption that 
most utilization equipments will be warming up 
during the electric power system warm-up period, 
and their maximum performance will not be re
quired.
5. No electric generating system characteristic is 
included unless it is usual and normal for the 
generating system to be tied to the power distri
bution bus at the time the characteristic becomes 
evident. There are certain operations (such as 
reset after a fault) that cause the characteristics 
to go to extremes. Since the generating system is 
disconnected from the power distributing bus, 
these extremes are never seen by utilization equip
ment.
6. The electric power systems include hydraulic 
constant-speed drives (CSD), air turbine CSD, 
mechanical CSD, turboprop direct-driven gener-

<FLEXLEAD

SILICONE 
RUBBER

QU

VKen your project requires 

a high temperature lead wire 
with excellent electricals, cor
ona resistance, flexibility, oil 
and weather resistance, and 
rated for continuous use at 
200°C, try Markel Flexlead 
Silicone Rubber Insulated 
Lead Wire. Silicone Rubber is 
precision-extruded over 
stranded conductors of silver- 
plated copper wire to make 
Flexlead SR, newest product 
in the Line of Excellence. Ask 
for prices and data.

L. FRANK & SONS
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SOURCE for EXCELLENCE in

Insulating Tubings, Sleevings, and Lead Wirt

NORRISTOWN. PENNSYLVANIA
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Best 
solution 
to
custom 
design 
potentiometer 
problems...

equires 
id wire 
Is, cor- 
ity, oil 
e, and 
use at 
EXLEAD 
ulated 
ibber is 
1 over 
silver- 
make 

jroduct 
ce. Ask

Y Merely write to The Gamewell 
Company, stating your requirements.

Gamewell engineers will take it from 
there. They’ve been designing high 
precision potentiometers and rotary 
switches for a good many years. And a 
great many of them have been custom- 
designed.

Naturally, this experience pays off. 
Take selection of the best resistance 
material for a given application as just 
one example. Here, Gamewell makes 
full use of all available alloys. And, 
backed by extensive files of in-service 
data, assures the best design of the 
resistance element in conjunction with 
the most compatible wiper-contact 
material.

When necessary, of course, Gamewell’s 
complete development and test facili
ties are put to use. Salt spray, humidity, 
extreme temperature, altitude, accelera
tion, vibration and many more test 
facilities are available to insure exact 
matching of pot to requirements.

In production, Gamewell facilities 
give custom-designed "pots” and 
rotary switches the benefits of today’s 
most advanced methods and machines. 
Extensive metal working machinery, 
and refined dimensional checking de
vices assure production of every com
ponent to high precision tolerances. All 
"pots” are wound on precision ma
chines, designed and built by Gamewell. 
And both winding and assembly are 
carried out in surroundings automatically 
kept spotlessly clean.

Thus it is that "pots” with even the 
most unusual electrical characteristics 
or mechanical features can be precisely 
produced in a minimum of time at 
Gamewell. Simplify your custom-de- 
bigned potentiometer problems.

Write The Gamewell Company, 1394 
Chestnut St., Newton Upper Falls 64, 
Massachusetts. A Subsidiary of E.W. 
3 Uss Company.

SONS
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BLISS

LiaOell
PRECISION POTENTIOMETERS 

"INTEGRALS OF 
HIGH PERFORMANCE"

ator, piston-engine direct-driven generators, in
verters, transformer-rectifiers, and batteries sup
ported by generators. This group provides the 
“state of art’ 115/200-v ac, 3-phase, and 28-v de 
systems, including conversion devices. Batteries 
alone are considered as power sources only for 
emergency conditions. During other aircraft op
erations, batteries are normally “floated” across 
the de generator power system.
7. Normal steady-state loading of an aircraft elec
tric system is between 15 and 85 per cent of the 
power system basic rated capacity and will be 
from 30 to 85 per cent for cruise-combat condi
tions. Electric systems are seldom operated at 100 
per cent rated capacity for these reasons: (1) 
Basic design of the electric system allows for a 
growth factor; (2) Actual operational conditions 
often force significant derating of the generator; 
(3) Paralleled generators have derating factors 
applied. In application, it is rare to have 100 per 
cent of the possible load simultaneously applied, 
yet the generator rating is selected on the basis 
of 100 per cent possible load.
8. Balance of loads in 3-phase ac electric systems 
is within 15 per cent, i.e., no phase (line-to-neu
tral) is loaded so that the volt-ampere difference 
between phases js more than 15 per cent of one- 
third the electric power system basic rated capac
ity. Generators are qualified to unbalance condi
tions of 33 per cent of the one-phase rated load. 
The 33 per cent unbalance is rarely encountered 
in actual aircraft. Certain steady-state limits are 
narrowed for qualified generators, with smaller 
unbalance usual for aircraft operation.
9. Electric power system power factor during air
craft flight will be greater than 0.85. Ac gener
ators are qualified to a 0.75 power factor. Since 
total aircraft loads normally create power fac
tors greater than 0.85, certain electric power sys
tem characteristics can be narrowed.
10. Any device or devices, placed between the 
electric power system and the utilization equip
ment to modify the characteristics of the power, 
are not considered a part of the electric power 
system but are considered part of the utilization 
equipment systems. This assumption takes care of 
the many types of line regulators and filters de
signed to improve the basic MIL-STD-704 char
acteristics, such as steady-state voltage, balance, 
wave form, which remain part of the utilization 
equipment.
11. Loads on the ac system are required to be 
three-phase loads except for very small loads. The 
power distribution enonomies of three-phase sys
tems are best achieved with balanced three-phase 
loads.
12. There will be exceptions to MIL-STD-704 for 
airborne applications. These exceptions are to be 
analyzed individually and be approved on their 
merits by the procuring activity. ■ ■

FULL OCTAVE
S-BAND 
RANGE 
2.1 KMC 
TO
4.3 KMC

The all new Model WD-2106 Octave S-Band 
Isolator marks a revolutionary advance
ment in the microwave field by permitting 
the use of only one isolator for a full octave 
frequency range instead of covering the 
band in increments using a number of iso
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FERRITE
ISOLATOR

lators. Ideal for use in telemetry, radar sys
tems and transponders, the new unit offers 
exceptional reliability, excellent isolation to 
insertion loss characteristics and compact
ness of design.

TYPICAL SPECIFICATIONS

MODEL FREQ RANGE ISOLATION INSERTION LOSS V.S.W.R.

WD-2106 2 1-4.3 KMC 20 DB Min, 2 0 0B Mm. 1.5 Max.

W-568-3A-2 12.5-18.0 KMC 20 DB Min. 1 0 DB Max. 1.15 Max.

W-177-1K-1 9.5 KMC±100MC 25 DB Min. .7 DB Max. 1.15 Max.

W-277-3A-3 5.2-5.9 KMC 17 DB Min. 1 0 DB Max. 1.15 Max.

W668-1A-2 8 5-9.6 KMC 10 00 Min. 0.4 DB Max. 1.10 Max.

THESE ARE ONLY A FEW OF THE MANY AVAILABLE MODELS

W 668-XW-277-X

Inquiries may be directed to: 14844 Oxnard Street, Van Nuys, California 

KEARFOTT DIVISION 
GENERAL PRECISION. INC.

W-568-X

Little Falls, New Jersey
CIRCLE 237 ON READER-SERVICE CARD
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YOUR CAREER

ENGINEER-IMPROVEMENT 
COURSES AND SEMINARS

Below are courses and seminars in
tended to provide the engineer witi 

a better knowledge of various spe
cialties. Our grouping includes sev
eral different types of meeting:; 
National Courses—those held on 

consecutive days and intended to 
draw attendees from all geographical 
areas; One-Day Seminars—one-day 
intensive seminars which move from 
city to city; and Regional Lectures 
—regional symposia or lecture series 
which generally run one night a 

week for several weeks.

National Courses

&^àUona^"BIT WIRE"
AMAZING NZW DEVICE FOR MEMORY AND LOGIC

"BIT WIRE" represents a recent NCR 
breakthrough in magnetic data storage 
and logic devices. Pictured above, in a 
linear memory employment, “Bit Wire” 
is a conductive wire electrodeposited with 
magnetic material. It offers the advan
tages of reliability, flexibility, and greater 
switching speeds... economic and compact 
component fabrication. In addition, this 
amazing wire is useful over a wide range 
of temperatures. Memory and logic are 
but a few of the applications to which it 
is ideally suited. Perhaps you can qualify 
for a rewarding career with this unique 
device ... or with other challenging NCR 
projects ...
chswstpyi Plasticsand polymers, micro-en
capsulation (of liquids or reactive solids),

photochromic materials (compounds 
which can be alternated between two 
distinct color states), magnetic coatings. 
data rsocissiNGi Computer theory and 
component development, programming 
studies, high-speed non-mechanical print
ing and multi-copy methods, direct char
acter recognition, systems design.
soud st An physics t Electro, chemical, and 
vacuum deposited magnetic films ferrites 
and ferro-magnetics, advanced magnetic 
tape studies, electroluminescence-photo- 
conductor investigations.
advancsd snginukino DfviLOPMtNT: High
speed switching circuits, random access 
memory systems, circuit design (conven
tional, printed, etched), advanced electron

beam type storage. The location of the 
new NCR Research and Development 
Center is progressive, energetic Dayton, 
Ohio. Facilities are extensive—a veritable 
“city within a city.”
computs inpopmation is yours by sending 
your resume to Mr. T. F. Wade, Technical 
Placement Section F3-2, The National 
Cash Register Company, Dayton 9, Ohio. 
All correspondence will be kept strictly 
confidential.

re. pat. off

VERSATI" DATA noassint 
HVIKSIFIfD CHIMICAl PK0D9CTS 

ÂDDIH9 MACNJMfS • CASH REGISTERS 
ACCOHHTIHG MACHIHIS • MC» 9A9ER

Packaging, Plant Layout and Material Handling, 
Sept. 25-30, University of California

A course in packaging, plant layout and mate
rial handling, presented by the Department of 
Engineering and Engineering Extension, Univer
sity of California, Los Angeles, Calif., will be 
given Sept. 25 through 30 at the University of 
California Conference Center, Lake Arrowhead, 
Calif.

Lectures during the morning and early after
noon will present current thinking and solutions 
to the general problems encountered in the aver
age industrial plant. Evening workshops and 
problem sessions will consider individual prob
lems with the . emphasis placed on back-home ap
plications. The late afternoons have been left 
open in order to prox ide ample time for informal 
exchange of ideas and discussion of problems.

The short course is designed for middle and 
operating management and executives charged 
with the responsibility for initiating industrial 
packaging, material handling and plant layout 
programs (military and commercial).

To ensure full opportunity for individual par
ticipation, the total number of students accepted 
will be limited. Enrollments will be accepted in 
the order in which they were received. Registra
tion may be made by individuals or by com
panies. The fee for the course, including room 
and board, is $215.

For further information write Engineering Ex
tension, Room 6266, Engineering Bldg., Unit 11, 
University of California, Los Angeles 24, Calif.

THE NATIONAL CASH REGISTER COMPANY, dayton 9. OHIO

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS
Symposium Sponsored By The Texas 
Div. of Collins Radio Co.

A microwave and carrier communication sys-
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76 YEARS OF HELPING BUSINESS SAVE MONEY
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USE BEFORE OCT. 26, 1960
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(Please print with a soft pencil or type.)
ÏN7 Your Goal Name Telephone

Use ¿tateHome Address City Zone

CONFIDENTIAL Date of Birth Place of Birth Citizenship

Position DesiredAction Form
College Dates Honors

—CAREER INQUIRY SERV(CE

Advancement
After completing, mail career form to ELECTRONIC DESIGN, 830 Third Avenue, New York, 
N. Y. Our Reader Service Department will forward copies to the companies you select below.
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ELECTRONIC DESIGN'S Confidential Career 
Inquiry Service helps engineers ’’sell” them
selves to employers—as confidentially and 
discreetly as they would do in person. The 
service is fast. It is the first of its kind in the 
electronics field and is receiving high praise 
from personnel managers.

To present your job qualifications immedi
ately to companies, simply fill in the attached
esume.

Study the employment opportunity 
this section. Then circle the numbers 
bottom of the form that correspond 
numbers of the ads that interest you.

ads in 
at the 
to the

Educational History
Degree Major

Recent Special Training

Company City and State
Employment History

Dates Title Engineering Specialty
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ELECTRONIC DESIGN will act as your sec
retary, type neat duplicates of your applica
tion and send them to all companies you 
select—the same day the resume is received.

The standardized form permits personnel 
managers to inspect your qualifications rapid
ly. If they are interested, they will get in touch 
with you.

Painstaking procedures have been set up to 
ensure that your application receives com
plete, confidential protection. We take the 
following precautions:

* All forms are delivered unopened to one 
reliable specialist at ELECTRONIC DESIGN.

• Your form is kept confidential and is proc
essed only by this specialist.

■ The "circle number" portion of the form is 
detached before the application is sent to an 
employer, so that no company will know how 
many numbers you have circled.

• All original applications are placed in con
fidential files at ELECTRONIC DESIGN, and 
afar a reasonable lapse of time, they are 
de stroyed.

f you are seeking a new job, oct nowl

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Minimum Salary Requirements (Optional)_______________________________________
Use section below instead of Reader Service Card. Do not write personal 
data below this line. This section will be detached before processing.

sys-

960

925 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949

Circle Career Inquiry numbers of companies that interest you 
900 901 902 903 904 905 906 907 908 909 910 911 9)2 913 914 915 916 917 918 919 920 921 922 923 924
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Diversification of effort and vigorous leadership have made Garrett the 
world’s largest manufacturer of aircraft components and systems and a 
leader in specialized missile and spacecraft systems.

[ontrc 
ladee

Drop us a curd, briefly stating 
your education & experi
ence. We’ll act Im-
mediately to get to
gether with you 
and talk it over. A

Send resume to: Mr. R. K. Richardson

offers the opportunity 
and the challenge of 
key assignments in...

Excellent positions are available for qualified men with M.S.. Ph. D. and 
Sc. D. degrees for work in these areas.

YORK

National Courses (cont.)

Here is your chance to prove your 

ability doing important work on mis* 
site fuzing, beacons, guidance, pack
aging and related test equipment. We 

have key openings that offer you the 
opportunity to move ahead rapidly in 

your profession. At Bendix York, 
you benefit from the advantages of a 

small company atmosphere in a 
growing division of one of the 

nation’s largest engineering and 

manufacturing corporations. Also, 
you’ll enjoy the “good life’’ in our 

beautiful suburban community. 
Good salaries, all employee benefits.

o d isci 
Ir. Ja, 
tut cal 
'in nea.

o t xph 
hei He

Engineers at The Garrett Corporation’s AiResearch Manufacturing Divisions 
are dealing with challenging problems in fast-moving fields.

gun 
terr 
gini

ADDRESS: 
PROFESSIONAL 

PLACEMENT
DEPT D /

• Advanced hydrogen systems being developed by The Garrett Corporation 
solve the problem of keeping men alive and equipment operating for long 
periods of time in future satellites and space capsules.

York. Penna. / York 47-1951

Los Angeles 45, California • Phoenix, Arizona

k.E< 
A inn
CIRCL

tern engineering symposium and exhibit spon
sored by the Texas Div. ot Collins Radio Co. is 
currently being conducted on a nationwide tour.

Purpose of the symposium is to acquaint man
agement and communication personnel in gov
ernmental and industrial circles, with the engi
neering parameter and application techniques of 
microwave and carrier equipment.

The exhibit to accompany the symposium will 
include two terminals of operating microwave 
and carrier equipment.

Cities and dates of appearance include: Wash
ington, D.C., Sept. 12-16; Chicago, Ill., Sept. 26
30; Omaha, Neb., Oct. 10-14; Atlanta, Ga., Oct. 
24-28; New York. N.Y., Nov. 7-11 and Minneapo
lis, Minn., Nov. 21-25; Denver, Colo., Nov. 28- 
Dec. 2; Seattle, Wash., Dec. 12-18; Helena, 
Mont., Jan. 9-13; Portland, Ore., Jan. 23-27; San 
Francisco, Calif., Feb. 6-10; Los Angeles, Calif., 
Feb. 20-24; Albuquerque, N.M., March 6-10; 
New Orleans, La., March 20-24; Jacksonville, 
Fla., April 3-7 and Charlotte, N.C., April 17-21.
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DESIGN • September 14, 1960

ELECTRONIC
ENGINEERS

MECHANICAL
ENGINEERS

GUIDED MISSILE 
ELECTRONICS

Major fields of interest are:
• Environmental Control Systems—Pioneer, leading devel

oper and supplier of air conditioning and pressurization 
systems for commercial and military aircraft, and life 
support systems for satellites and space vehicles.

• Aircraft Flight and Electronic Systems—Largest supplier 
of airborne centralized flight data systems; also working 
with other electronic controls and instruments including 
missile and submarine applications.

• Missile Systems—Largest supplier of accessory power 
units, AiResearch is also working with hydraulic, hot gas 
and hydrogen systems for missiles, liquid and gas cryo
genic valves and controls for ground support.

• Gas Turbine Engines—World’s largest producer of small 
gas turbine engines, with more than 9000 delivered in the 
30—850 hp class. Studies include industrial and nuclear 
applications.

mal 
con

ÏSTE
| cap

Regional Courses
1960-61 Evening Design Course

The 1961 Evening Design Course of the De
sign Division of the Institute of Contemporary 
Art in Boston aims to consider problems brought 
about by a wider sharing of the design decision. 
An evening session is planned, to begin early in 
October, 1960 to cover the new developments in 
design production and distribution. The design 
contributions of the non-designer, and the non
design contributions of the designer w ill be ex
amined in order to relate the designer effectively 
to his associates in industry and commerce.

The course will be held Wednesday evenings 
at the Boston Architectural Center, 16 Somerset 
St., Boston, subject to the latter’s being available. 
The course is planned in three sections covering 
a total of 16 weekly meetings. The last eight 
w eeks will be a w orkshop series in which the ap
plication of the content of the first eight weeks 
will take place.

Fees for the course will be $60 for each eight
week session, or a combined fee of $110 for the 
full program. A $15 deposit is required to reserve 
your place in the course. For further informa
tion write: John J. McHugh, Education Director, 
Design Div., Institute of Contemporary Art, Sol
diers Field Road, Boston 34, Mass.

THERE IS NO CEILING 
ON IDEAS .
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76-MlMAIL THIS COUPON FOR YOUR TESTS

NameLIGHT MILITARY ELECTRONICS DEPARTMENT
Home Address

Years(s) ReceivedFRENCH ROAD, UTICA, NEW YORK

City

Degree(s)

Mr. R Bach

Light Military Electronics Dept.
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F RADAR □ MICROWAVE

□ ELECTRONIC PACKAGING (ME)

□ ADMINISTRATIVE ENGINEERING□ COMMUNICATIONS

Space Communications & Telemetry Missi e & Satellite Com
Space Vehicle Guidance Undersea Warfare Systemsputers

Thermoplastic Data Storage Space Detection & Surveillance
Infrared MissileCommand Guidance & Instrumentation

Applications

Home Phone

StateZone

AL-ENGING opportunities 
flight controls with 
NEYWELL AERO FOR

analytical, 
systems, 
components 
engineers

How to pre-test 
your next job 

without leaving your 
living room

/our 
mis- 

ack- 
We 

i the 
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and 
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Honeywell introduced the first 
ccessful electronic autopilot in 
41—the C-l of World War II. 

ince, we have produced more 
ight control systems than any 
her company and have devel- 
ped concepts in flight controls 
at are now standard in this field, 
oday, most top aircraft and mis- 
es are equipped with Honeywell 
ight controls. Honeywell’s Flight 
ontrol Systems Group has ex- 
nded steadily and now has open- 
gs for the following:
NALYTICAL ENGINEERS-must be 
capable of simulating (mathe
matically on paper or comput
ers) characteristics and prob
lems in missiles and aircraft 
control, stability, and control 
systems. Should have good 
math backgrounds with analog 
computer experience.

iSTEMS ENG I NEERS-should be 
capable of interpreting analyti
cal results into navigation, 
guidance, or flight control sys
tems. Should be electrical en
gineers experienced in systems 
—ideally, with experience in 
flight control in the aviation
industry.

OMPONENTSENGINEERS-should
be electronics men with empha- 

transistor circuitry. Will 
be responsible for designing 
components which go into the 
system. Must have circuitry
design experience.

o discuss these or other openings, write 
r. James H. Burg, Dept. 820, Aero- 
ut cal Division, 1433 Stinson Blvd., 
in ieapolis 13, Minn.

oneywell

»f xplore professional opportunities in 
e/ Honeywell operations coast to coast,
id your application in confidence to 
h . Eckstrom, Honeywell, Minneapolis 
A innesota.

CIRCLE 906 ON CAREER INQUIRY FORM ►

Until recently, there just hasn’t been a reliable 
way for a man to determine the kind of engineering 
know-how he needs to assure success at a company 
before he makes application.

Because this can be mighty important to an
engineer and his family, we ve developed a com
pletely new technique that should be as enjoyable
as it is helpful to you — technical quizzes on Radar,
Microwave, Communications, Packaging... and, for
those interested in Engineering Administration, a
special psychological questionnaire.

Current Areas of Activity At The Light Military Department

The point is that your score need never be divulged 
to us. The complete package is for your private use — 
for your technical self-appraisal. (So far no one, in
cluding LMED engineers, achieved a perfect score!)

Simply check off any 2 subjects on the coupon and
we 11 mail you the corresponding tests, answer sheets
and evaluation guides.

During a quiet evening hour, work them through and
grade yourself with the answer sheet. Then, use the
evaluation guide to figure out your own probability for
success on the Light Military staff.

General Electric Company, French Road, Utica, New York

Please send me tests (limited to 2 subjects per individual)
answer and self-evaluation sheets covering the areas checked:



WHAT SANDERS ENGINEER GROWOPPORTUNITIES TO

SAY AROUT SANDERS
(anonymous comments made to a non-company reporter)

Kollsman
Channels of technical communication are wide open here"

AUTHORITY GOES WITH RESPONSIBILITY1

“Management is flexible enough to accommodate the individualists”

CIRCLE 907 ON CAREER INQUIRY FORM
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If you are qualified for and interested in any of the positions described 
below, we will invite you to visit us in Nashua, meet some Sanders 
engineers as well as the manager of a group you may work with. Please 
send a complete resume to Roland E. Hood, Jr., Employment Manager.

without cost to you through 

our Los Angeles subsidiary,

SYSTEMS ENGINEERS
Through Project Engineer level. Should have creative abilities and back
ground of VHF transmitters and receivers, communications systems in 
general, data processing techniques, propagation and must be capable 
of translating this knowledge into complex integrated systems. Also 
requires knowledge of radar systems, pulse Doppler systems, steerable 
beam techniques and pulse techniques.

CIRCUIT DESIGN ENGINEERS
With particular emphasis on transistor application to analog and digital 
techniques; data handling equipment; audio,video,RF circuitry and 
switching.

Growth prospects look good—• we're up to 1300 from only 
11 men 8 years ago"

AUTOMATIC ASTRO TRACKING SYSTEMS
Project Engineers, EE. For automatic astro track
ing systems. Up to 5 years' related experience.

’Gripes get an airing and a sensible answer

MANAGER —MICROWAVE DEPARTMENT
Senior Microwave Engineer with a high degree of creativity to admin
istratively and technically supervise a microwave department consisting 
of approximately 50 engineers and technicians. Should have knowledge 
of subcontracting, marketing, project cost control and technical famil
iarity with ferrite devices, parametric amplifiers, crystal mixers, antennas 
for multi-element arrays (and other types of antennas), components 
involving strip line techniques, and systems from 1 me to 20 kmc. Mini
mum BS in EE or Physics and 5 to 12 years experience.

Cadillac 
Associates, Inc.
E. Madison Bldg Chicago 2, III. 

Financial 6-9400

Kollsman’s leadership 

and continuing growth 

in the field of automatic 
navigation and flight 

instrumentation for 
aircraft, missiles and 

other space vehicles 

assures excellent 

opportunities for 

qualified men. 
Please send-resume to 

T. A. DeLuca.

AIR DATA INSTRUMENTS & SYSTEMS
Senior Project Engineers, EE & ME. For aircraft 
and missile instrumentation. 5 to 10 years’ project 
experience in precision electromechanical devices, 
pressure transducers.

our Chicago office and 

Lon Barton Associate».

Jack L. Higgins 
Vice President

“IPs diversified — your job is not dependent on one big program 
— there are 20 odd development contracts now in the shop"

NASHUA. NEW HAMPSHIRE
(less than an hour from downtown Boston)

STAFF ENGINEERS & SPECIALISTS
a) Experience in the research and development of 
transistors m servo, digital and instrumentation 
application. Minimum 3 years’ experience desired 
in transistor circuit design for military applications, 
b) Experienced with IR to UV radiation proper
ties and applications, noise theory and detectors, 
c) Optics—IR through visual optical design, lens 
design, materials.
d) Digital computers—logic or packaging experi
ence.
e) Theoretical mechanics—inertial and trajectory 

\ studies.

Not likely. Only o few have done it. However, most 

electronic» engineers realize that above average 

earnings can be theirs in the electronics market. 

For the man who wants challenging work £ earnings 

reflecting hit capabilities, we are retained by 479 

tap electronics firms (both “giants” and “comers”! 

FREE - MONTHLY OPPORTUNITIES BULLETIN
If you wish to receive a monthly bulletin of the 

finest available electronic opportunities, simply send 

us your name and home address (and if you wish, 

a review of your qualifications)—Our services are

CIRCLE 875 ON READER-SERVICE CARD
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-------------- ■ ■■ ■ » y — SUBSIDIARY OF 

RO M 4Stft AVENUE, ELMHURST, NEW YORK • STANDARD KOLLSMAN INDUSTRIES, INC

RECEIVER DESIGN ENGINEERS
VHF electronically scanned airborne receivers, filters, problems in 
spurious response reduction and multiplexing.



OPENINGS IN
Systems Analysis 

Design & Development 
Evaluation

Systems Analysis
Weapons Systems analysts with 
BS or MS in mathematics or 
physics, or BSEE, to work on 
weapons system and component 
lethality, evaluations, optimiza
tion studies, feasibility studies, 
and concept synthesis. Also a 
BSEE or MSEE with a minimum 
of 3 years in electronic systems 
with emphasis on remote control, 
data handling, signal processing.

Design and Development
A number of openings now exist 
for experienced design and devel
opment engineers with the fol
lowing qualifications:

BSEE or MSEE, minimum 3 
years experience in any of these 
fields: Solid state circuit design, 
including amplifiers and switch
ing circuitry; RF techniques, in
cluding circuit design; antenna 
design, propagation studies, 
modulation techniques. Signal 
processing and data handling, in
cluding techniques for encoding, 
decoding, storage, digital data 
processing, display, system inte
gration. Also: openings for BSEE 
with minimum one year in syn
thesis servo analysis or servo 
application.

Evaluation
BSEE. Prefer 1-8 years in test, 
design, or related areas. Work in
volves testing specific unit sys
tems, parts, or materials. May 
involve designing and building 
non-standard testing equipment; 
field or simulated field testing; 
tests on production instruments. 
All above openings are in Minne
apolis area. For complete informa
tion, write Allan J. McInnis, Pro
fessional Manpower Staff, Ord
nance Division, Honeywell, 600 
Second St. North, Hopkins, Minn.

Honeywell

To explore professional opportunities 
in other Honeywell operations, coast 
to coast, send your application in con
fidence to H. D. Eckstrom, Honeywell, 
Minneapolis 8, Minn.

CAREER 
OPPORTUNITIES 
BROCHURES

Stromberg-Carlson

SECURITY

CLIMATE

REWARDS

In this 24-page illustrated brochure, the San 
Diego Div. of Stromberg-Carlson describes its 
organization, facilities, and products. Engineers 
are needed for work on cathode-ray tubes, transis
tor-circuit design, tube-circuit design, reliability, 
logical and digital design, field service, and elec
tro-mechanical devices.

Stromberg-Carlson, Div. General Dynamics 
Corp., Dept. ED, 1895 Hancock St., San Diego 
12, Calif.
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ftwtro-

RawanK Inc emr
ASCOP

fot research

data acquisition 
and reduction

systems and

E-M-R ASCOP

Electro-Mechanical Research, Inc., as outlined 
in its 26-page illustrated brochure, has its main 
office in Sarasota, Florida. Total employment is 
more than 450, of whom approximately 150 are 
engineers and technicians at a ratio of one to two. 
The ASCOP Division located in Princeton, N.J. 
employs over 350. The major activities of E-M-R 
are in the field of instrumentation for research, 
both in data acquisition and processing.

Candidates for Equipment Development Engi
neers and Systems Engineers should be graduate 
electrical engineers with some previous experi
ence. For further information contact Mr. John 
G. Truitt, Personnel Manager, Electro-Mechani
cal Research, Inc., Sarasota, Florida; Mr. Marma
duke Jacobs, Personnel Manager, ASCOP Divi
sion of E-M-R, P. O. Box 44, Princeton, N.J.

CIRCLE 871 ON READER-SERVICE CARD

and CREATIVITY at

PHILCO Palo Alto
On the San Francisco Peninsula
You’ll find exceptional opportunities and commensurate rewards with rapidly 
expanding Philco Western Development Laboratories, at the center of the 
San Francisco Bay Area’s electronic industry. These are our immediate needs. 
Do they match your experience and interests?
SYSTEMS ENGINEERS

As an active participant in the for
mulation and design of microwave 
data telemetry and tracking systems, 
your responsibilities will include 
analysis of equipment design and 
performance, specification and tech
nical direction of system test, analy
sis of flight test data, and prepara
tion of system test report.
DESIGN ENGINEERS

Direct your ingenuity to the design 
of circuits forming integral parts of 
CW range measuring equipment and 
the integration of complex timing 
and coding circuitry for earth satel
lites. You will also establish and 
supervise test programs, direct the 
testing of setups, component parts, 
circuits and complete ranging sys
tems, supervise and monitor electri
cal and environmental testing for 
qualification. Familiarity with tran
sistor switching circuitry is required.
RANGE DESIGN ENGINEERS

Challenging assignments can be 
yours in the production of installa
tion criteria, specifications, instruc
tions and drawings required to im
plement advanced radar, telemetry, 
data processing, computing and 
communications systems.
RANGING AND TRACKING 
ENGINEERS

If your experience includes low-fre
quency phase measurements, track- 
ing or radar, openings exist at 
PHILCO WDL for engineers to de-

sign, develop and insure fabrication 
of specialized test equipment.
RELIABILITY ASSURANCE

Your assignments will include evalu
ation of electronic components, 
preparation of specifications and 
drawings of components, analysis of 
failure of semi-conductors, tubes, or 
electromechanical devices.
QUALITY ASSURANCE

Qualified engineers are required im
mediately for in-process, final ac
ceptance and testing of electronic 
and electromechanical equipment 
associated with missile and satellite 
tracking systems. Types of equip
ment include data processing, UHF 
and VHF transmitters and receivers, 
antenna systems.
Consider a career at Philco Western 
Development Laboratories, elite 
electronics center on the San Fran
cisco Peninsula. For you ... the 
encouragement of graduate study on 
a Tuition Refund basis at any of the 
excellent surrounding educational 
institutions, liberal employee bene
fits, and the facilities of Philco’s 
new, modern R&D laboratories. For 
you and your family ... the perfect 
climate, whether seasonal or cul
tural, in which to pursue all-year 
recreational activities. Only 45 min
utes from cosmopolitan, dynamic 
San Francisco. We invite your in
quiry in confidence as a first step 
toward expanding your skills at 
Philco, Palo Alto. Resumes may be 
sent to Mr. J. R. Miner.

Philco Corporation
WESTERN DEVELOPMENT LABORATORIES
3875 Fabian Way, Dept. D-9 Palo Alto, California
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computer engineers

SMALLER 
SIZE

INCREASED ACCURACY

ADVERTISERS’ INDEX

September 14, 1960

Advertiser Page

GREATER 
PRECISION

AGA Div.
America 

AMP, Inc.

of Elastic Stop Nut Corp, of

these are
objectives

LIGHTER 
WEIGHT

MORE 
RUGGED 
DESIGN

GREATER RELIABILITY

computer development
at General Electric’s

FASTER 
OPERATION

Ordnance Department The Ordnance Department of General Electric is 
undertaking a growing number of computer design and

Pittsfield, Massachusetts development projects. Utilizing advanced techniques in such 
fields as microminiaturization, cryogenics and thin film ele
ments the continuing goal of this growing work program is 
major advances in the extension of computer capability. 
Areas of application include space, terrestrial and underwater 
navigation systems; missile inertial guidance and fire control 
systems.

At the present time there are a number of outstand
ing professional openings available to experienced computer 
engineers with the ability to:
• CONVERT SYSTEM CONCEPTS AND EQUATIONS TO DIGITAL LOGIC 

AND ANALOG MECHANIZATION
• DESIGN MORE ACCURATE ELECTRO-MECHANICAL ANALOG ELEMENTS
• CONVERT LOGIC DESIGN AND MECHANICAL DIAGRAMS INTO 

DETAILED COMPUTER DESIGN AND EQUIPMENT

Please forward your resume,including salary requirements,in 
complete confidence to R. G. O'Brien, Manager—Professional 
Relations, Dept. 76-SMK.

ORDNANCE
OF THE DEFENSE ELECTRONICS DIVISION

GENERAL
100 Plastics Avenue

CIRCLE 911 ON CAREER INQUIRY FORM

ELECTRIC
Pittsfield, Massachusetts

Ace Electronics Associates, Inc.
Adel Precision Products ..........
Airpax Electronics, Inc................
Alden Products Co..........................
Alfred Electronics ......................
Alleghany
Alleghany
Allegheny

128.

148
49

138
155
164
129
73

Electronic Chemicals Co........... 96-D
Instrument Co............
Ludlum Steel Corp.

Allen-Bradley Co.................
Allison Laboratories, Inc.
Alpha 
Alpha
Amco

Metals, Inc. . . 
Wire Corp. . . . 
Engineering Co.

American
American
American

Bosch Arma Corp. .
Electronic Labs., Inc.
Optical Co...................

Ampex Data Products Co. 
Anaconda Wire & Cable Co. 
Applied Research, Inc. . . . 
Arnold Magnetics Corp. . .
Assembly

Barker & 
Beckman,

Products, Inc.

Williamson, Inc.
Berkeley Div.

Beckman/Helipot
Bendix
Bendix
Bendix

Corp., Pacific Div.............. . .
Aviation Corp., Scintilla Div.
Corp., York Div........................

... 147

.... 27 
160A & B
... 186

.... 152

.... 123

. 185

. 71 

. 161 

. 20 
184-A 

189
. 189 
. 146

22,

Birtcher Corporation ................................
Bliley Electric Company ............ ..
Blue M. Electric Company .................
Bodine Electric Co......................................
Bomac Laboratories, Inc...........................
Boonton Electronics Corp...................
Borg Equipment Div., Amphenol Borg

Electronics Corp.......................................
Bumdy Corporation ..................................  
Burnell & Co., Inc..................... ............

CBS Electronics, Semiconductor
Operations.............................................

CTS Corporation .................................. .
Cadillac Associates, Inc..........................
Cambridge Thermionic Corp..............
Carborundum Co., The ... ..................... 
Celco Constantine Engineering Labs,

76
6 

132 
192
47 

200 
157
155 
148
149 
121
166

122
66 

7

... 87 

... 131 

... 202 

.. 153 

... 108 
Co. 206

Centralab, The Electronics Div. of Globe- 
Union, Inc...................................... .. ............

Cicoil Corp.............................. ... .....................
Cinch Mfg. Co. ..............................................  .

15
190
139

1Y3 
Uh*

ci
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DURANT
DIGITAL
READ-OUT
COUNTERS

Model “Y” SERIES

Model "D” SERIES

for MISSILE TRACKING, 
RADAR CONTROLS, COMPUTERS, 
NAVIGATION INSTRUMENTS, 
GAUGING INSTRUMENTS, and 
ANY other indicator applications.

• Meets military specifications.
• High speeds, lower torque, lower 

moment of inertia for long life.
• Nylon wheels with legible figures, 

nylatron pinions.
• Single, P/2  or double width wheels.*
• One-piece aluminum die cast frame.
• Base mounting. Threaded mounting 

holes may be in frame top or etids.
• Right or left hand drive, clockwise 

or anti-clockwise rotation.
• ”Y” Series, single or dual bank types.
• Component parts can be purchased 

separately to meet design requirements.

Your answer to an infinite number 
of variable demands 
for PRECISION CONTROLS.

5?nd for Catalog No. 400 instrument show 
BOOTH 606

1*93 N. Buffum Street I 93 Thurbers Avenue
* Iwaukee 1, Wisconsin I Providence 5, R. I.

I REPRESENTATIVES IN ALL PRINCIPAL CITIES
CIRCLE 238 ON READER-SERVICE CARD
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Advertiser Page

Clare, Transistor Corp., C. P........................ 61
Clevite Transistor. A Div. of Clevite Corp 31
Cohn, Sigmund Corp......................................... 154
Computer Engineering Associates, Inc. . . 208
Connecticut Hard Rubber Co., The.......... 137
Consolidated Mining & Smelting Co........... 193
Continental Connector Corp...................... . 195
Continental Diamond Fibre Co.................. 120
Control Switch Div., Controls Co. of

Amer.................................................................... 114
Coors Porcelain Co............................................. 177

Dage Electric Co. Inc................................. . 106
Dale Products, Inc............................................. 79
Daven Co., The .............................................. 94
Del Electronics Corp.......................................... 148
Delta Design, Inc................................................ 192
Dimco-Gray Company ...........................   156
Dow Coming Corp........................................... 98, 99
Du Pont, E.I. de Nemours & Co., Mylar 

Div................................................................... 169
Durant Manufacturing Company ............... 205

r-f telemetryPA-

PA-14

EICO .................................................................... 152
ESC Electronics Corp........................................ 113
ESI/Electro Scientific Industries................. 67
Eastern Industries, Inc. ................................ 136
Eastman Kodak Company ........................... 153
Edgerton, Genneshausen & Grier, Inc. ... 37
Edison, Thomas A., Industries ..............   104
Electro Instruments, Inc...................... Cover III
Electronic Associates, Inc. ........................... 130
Electronic Engineering Co. of Calif............159
Electronic Design ...................... 154, 180, 186
Electronic Research Associates, Inc..............150 
Emcor, Ingersoll Products Div.............. ............ 90
Endevco Corp....................................................... 56
Erie Resistor Corp.............................................. 51
Ever Ready Label Corp.................................. 127

Fairchild Semiconductor Corp...................... 13
Fansteel Metallurgical Corp........... 16, 118, 119
Film Capacitors, Inc......................................... 146
Food Machinery and Chemical Corp. ... 29
Franklin Electronics, Inc.................................. 63
Fusite Corp., The ............    55

G-M Servo Labs, Inc......................................... 207
G-V Controls, Inc.............................................. 23
Gamewell Company, The ............................. 197
Garlock Electronic Products ............ 134, 135
Garrett Corp., The ................................ 178,200
General Electric Co., Light Military

Electronics Dept................................................201
General Electric Co., Miniature Lamp

Dept..................................................................... 142
General Electric Co., Ordnance Dept. .. 204
General Electric Co., Power Tubes

Dept..........................................  116, 117
General Electric Co., Silicone Products 

Dept................................  34
General Electric Co., Tantalytic Capaci

tors ................................................... 152, 153

power amplifiers
These power amplifiers are another family of flight proven air
borne components used in UED FM/FM and PCM systems 
and also available to industry. Now in quantity production, the 
power amplifiers are doing service in such missiles as Minute
man and Hound Dog, and in space programs such as Midas and 
Samos. Characteristics common to all members of the PA-family 
are: 2 watt RF drive; 50 ohm input impedance; rated output 
into 50 ohm load; frequency range 215 to 260 me; bandwidth 
± 3 me. Each member also has the following outstanding indi
vidual characteristics:
PA-10

PA-11

PA-14

The smallest and lightest 10-watt telemetry power am
plifier available--45% overall efficiency.

• Hermetically sealed.
• Vibration / 20 g’s from 20 to 2000 cos.
• Operating Temperature /—40°F to 200°F.

• Power Requirements / 200V plate at 90 ma;
6.3V, 800 ma or 28V, 200 ma filament.

• Size / 2.00 x 1.56 x 3.00 inches; Weight / 9 ounces.
10 to 25 watts output with no cooling required. Com
plete protection against damage due to loss of RF drive.

• Vibration / 10 g’s from 20 to 2000 cps.
• Temperature / up to 185°F base plate temperature at 

rated power output.
• Power Requirements / Plate 250 VDC at 105 ma.

6.3V, 1 amp., or 28V, 0.25 amp. filament.
• Size / 3.48 x 1.80 x 3.25 inches; Weight / 18 ounces.

Self contained blower for 100 watt operation with 2 
watts RF drive power.

• Vibration / 10 g’s from 20 to 2000 cps.
• Temperature / —67°F to -|- 176°F at rated output.
• Acceleration / 100 g’s for 1 minute duration.
• Size / 3.56 x 5.31 x 3.00 inches; Weight / 2.6 pounds.

UED’s soundly-conceived and solidly-built systems and com
ponents can help solve your design problems. Data sheets, test 
reports and technical consultation on request. Write or call:

ElectroDy nanties, Inc
MU 2-1 134 SY 9-7161

\ 210 ALLENDALE RD., PASADENA, CALIF.

0

14, 1960
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THE HEW Nems-Clarke 1906 AM/ 
FM/CW Receiver has been reduced 
in height from 8W to 3^" with no 
sacrifice of performance. With a 
tuning range of 30-260mc it gives 
more information while using less 
space. The 1906 Receiver has wide 
application in surveillance, counter
measures, direction finding and sim
ilar specialized military functions.

1906 RECEIVER
Tuning Range

Noise Figure ... 
Input Impedance

IF Rejection .. 
Image Refection 
IF .

, IF. Band

30-260mc (two band»: 30-60mc. 
60-2ó0mc switched)

• «......................... 6db maximum
............ W ohms unbalanced to 
Type N connector on rear apron 

65db minimum 
60db minimum 

?L4mc

aSTElvÆS • CLARKE
A DIVISIÓN

PRECIS O N

Advertiser

General

Gertsch

Instrument Corp.
Radio Co..............
Products, Inc. .

Dlobe Industries, Inc.
Grayhill, Inc...................
Cremar Mfg. Co., Inc.

Pagi

110,
102,

111
103
158
144
193
193

919 JESUP-BLAIR DRIVE 
SILVER SPRING 
MARYLAND

SINCE 1909
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Hart Manufacturing Company ...................
Haveg Industries, Inc........................................
Heath Co...............................................................
Heinemann Electric Company .........
Helipot Div. of Beckman Instruments, Inc.
Heminway & Bartlett Mfg. Co. . .
Hermes Electronics Co.......................  
Hewlett-Packard Company ..............  
Hoffman Electronics Corp................. 
Holtzer-Cabot Motor Div.................  
Hoover Electronics Corp...................  
Hopkins Engineering Co...................
Hudson Tool & Die Co., Inc...........
Hughes Aircraft Co.............................

ITT, Industrial Products Div. 
ITT Distributor Products Div. 
Ideal Precision Meter Co., Inc. 
Indiana Steel Products . . . . . 
Ingersoll Products Div.................

156
109
181
167
22

188
165

1. 43
. 35
. 143

208
. 167
. 21

163

100, 101
58

Instrument Development Labs., Inc. . .
International Electronic Industries, Inc.
International 

Elin Div.
International 
International 
International

Electronic Research Corp.,

Electronic Research Labs. . .
Nickel Co., Inc. 
Resistance Co. ,

Jettron Products, Inc........................
Jones. M. C. Electronics Co., Inc.

64
90

126
176

179
196
78

53, 85

. 165
. . 88

Kearfott, a division of General Precision
Inc.....................................

Keithley Instrument Co.
Kemet 
Kester 
Keuffel

Co....................
Solder Co. .
& Esser Co.

Kolisman Instrument Corp.
Krohn-Hite Corp.....................

155, 157, 159, 197
............................... 136
. . ...................... 46
............................... 180
......... ................... 145

.......................... 202
............................... 172

Laboratory for Electronics ...............
Leeds & Northrup ................................
Link, Div. of General Precision, Inc.
Littelfuse .................................................
London Chemical Co., Inc. .. . .
Lord Mfg. Co.............. . . ...................

McCoy Electronics Co. ... 
Magnetic Metals Co..............  
Magnetic Research Corp. . 
Maleo Mfg. Co........................ 
Marconi Instrument ............  
Marion Instrument Div., 

Honeywell Regulator Co.
Markel, L. Frank & Sons ..
Martin Co.................................
Marshall Industries ............

179
162

. 97

. 77
162

24-D

170
45

191
172
166

Minneapolis-
............ 189 
............ 196 
96-A, 96-C 
............ ........8

a Spot isa Spot 
is a high 

resolution spot 
with

CELCO YOKES
Cdcc YOKES 

keep spots smallest
Celt® YOKES 

keep spots roundest
Celcc YOKES 

keep spots sharpest

Use a CELCO DEFLECTION YOKE for 
your high resolution applications.

In a DISPLAY SPOT’^call Ceke!

Celcc
Main Plant: MAHWAH, M. J. DAvis 7-1123

• Pacific Division • Cucamonga, Calif. - YUkon 2-2688
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Advertiser Page

week delivery 
on popular

I 's . - /

and in production
quantities!

Mark 7 Mod 0. . . . . . . . . . . . .    Size 15 Servo Motor
Mark 7 Mod 1. . . . . . . . . . . . . . . . . Size 15 Servo Motor
Mark 12 Mod 0. . . . . . . . . Size 15 Motor Generator
Mark 12 Mod 1. . . . . . Size 15 Motor Generator
Mark 16 Mod 1. . . . . . . Size 18 Motor Generator
Mark 16 Mod 3 .. Size 18 Motor Generator

(For transistor circuits)
The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 

and Motor Generators as well; sizes 
8 to 18, including other BuOrd items.

*Now Bureau of Naval Weapons

Ask also for 
full information; 
G-M Recommended 
Specification No. 665 
and Catalog.

4284 N. Knox Avenue • Chicago 41
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Microtran Co., Inc......................................
Microwave Assocs., Inc.............................
Minneapolis-Honeywell Co.......................
Minneapolis-Honeywell Co., Aero Div.

3
. . 86
18, 19

Minneapolis-Honeywell Co., Ordnance Div.
Minnesota Mining & Mfg. Co........................
Motorola, Inc., Semiconductor Products

Div............................................................ 140,
Mycalex Corp, of America ...........................

National Cash Register Co., The
Natvar Corp.......................................
Nems-Clarke Co...............................  
Nesco Industries, Inc.....................  
North Atlantic Industries, Inc. .

Oak Mfg. Co. . . 
Ogilvie Press, Inc. 
Ohmite Mfg. Co.

Paramount Paper Tube Corp.

201
203

33

141
32

198
180
206
137
187

59
142
41

157
Phelps Dodge Copper Products Corp. 24-B&C
Philco, 
Philco

Lansdale Div.
Corp..................

Photocircuits Corp.........................
Polarad Electronic Corp................
Polymer Corp, of America, The
Porter Co., Inc., H. K................
Powertron Ultrasonics Corp. . .

Quan-Tech Labs.

9 
............203 

............ 10
. . 120-A&B 
............ 190 
. 177, 207
............ 171

181

R-F Products, Div. Amphenol-Borg 
Electronics Corp.........................................

Radiation, Inc..................................................... Í
Radio Corp, of America, Semiconductor

& Materials Div.

96
24-A

Cover IV
Radio Corporation of America, West Coast

Missile & Surface Radar Div.....................
Ramsey Corp........................................................
Rantec .................................................................
Rawco Instruments, Inc..................................
Raytheon Co........................................................
Raytheon Co., Industrial Component Div. 
Raytheon Mfg. Co., Microwave & Power

Tube Div..........................................................
Raytheon Co., Semiconductor Div............... 
Reeves Instrument Corp...................... ..
Renbrandt, Inc. . . . 
Rome Cable, Div. of Alcoa

Sanders Assocs, Inc..............  
Sarkes Tarzian, Inc..............  
Shallcross Mfg. Co................  
Shell Chemical Company .. 
Sigma Instruments, Inc. . . 
Simpson Electric Co..............  
Singer-Bridgeport .................  
Solid State Electronics Co. 
Somers Brass Co., Inc. ... 
Sonotone Corp......................... 
Southern Electronics Corp.

173
149
184
171
182

5

93
17
42

192
151

.... 202 
48A&B 

. ... 178 
Cover II 
.... 175 
124. 125 
.... 176 
.... 164 
.... 170 
.... 174 
.... 191

Southco, Div. of South Chester Corp. .. 184-B
Sperry Electronic Tube Div.............................
Sperry Microwave Electronics Co.

132, 133,
Sprague Electric Co...........  
Stackpole Carbon Co. . . . 
Standard Press Steel . . .. 
Stewart, F. W. Corp. ... 
Stromberg Carlson ............  
Struthers Dunn, Inc............ 
Superior Electronics Corp.

112

138
11

107 
176
181
187
57

158

ELECTRONIC 
COOLING UNITS 
by ^Peerless Electric

Blower-motor units made to cool radio transmitters involving Klystron tube 
installations. Peerless Electric meets special dimensional needs with these 
continuous duty units for unmanned Vortac airline navigation beacons.

BOTH BLOWER AND MOTOR 
CUSTOMIZED FOR YOU
Do your electronic cooling needs call for air-moving equipment that’s unique 
as to size and performance? Are you looking for a special blower and exactly the 
right motor to power it? Peerless Electric is your one-source answer for tailor- 
made blower-motor units. For specific information, mail coupon below.

PEERLESS ELECTRIC DIVISION

H» K. PORTER COMPANY, INC»
------------------------------------------------------------------------------------------------------------------------------- 1

PEERLESS ELECTRIC DIVISION, H. K. PORTER COMPANY, INC., I
Dept. 014, Warren, Ohio
Gentlemen:
My cooling problem is I

Pitase send pertinent specification data sheets.

NAME____________________________
COMPANY
ADDRESS
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Advertiser PageDr. Lucius Cuppington introduces . . .

vernitel, heart of 
hoover’s new FM/FM 
telemetering system that 
prolongs the life of FM/FM 
systems now in use, 
improving their accuracy 
by a whole order of magnitude

Count Vladimir Butts Binswinger shows...

hoover’s new Mixer 
Amplifier, the palm-sized 
part of the Vernitel system that 
helps FM/FM telemetering 
systems live beyond their 
income, by prolonging 
their lives amazingly:

Personalities
at the

HOOVER
ELECTRONICS COMPANY
Booth 59

IRE Symposium on Space 

Electronics and Telemetry

Sylvania Electric Products, Inc., Electron
Tube ........................................................ 144A&B

Sylvania Electric Products, Inc., Semi
conductor Div............................................ 115

Synthane Corp......................................  25

Technic, Inc..............................................................149
Technology Instrument Corp.......................... 84
Tektronix, Inc......................................................  74
Texas Instruments, Inc...................................... 183
Theta Instrument Corp.................................... 188
Tinnerman Products, Inc...............................  52
Transitron Electronic Corp............................. 105
Tung-Sol Electric, Inc....................................... 95

Ultradyne, Inc............... ...................................... 158
Union Switch & Signal Div., Westing

house Air Brake Co..................... 126, 127, 174
United Electro Dynamics, Inc......................... 205
Unitek, Weldmatic Div.................................... 2

Valpey Crystal Corp. ................. ...................
Varian Associates ............................................
Vector Manufacturing Co. Inc.....................
Vickers, Inc...........................................................

no nozse

< 1 MV

Sir Joshua Wormwood Scrubbs offers...

hoover’s new Millivolt 
Transistorized Oscillator that 
eliminates DC amplification 
from telemetering, allowing 
fewer and smaller packages 
and an end to one 
source of error:

Waters Manufacturing, Inc. 50, 159

Dr. Herpes Zoster introduces . . .

hoover’s new Transistorized 
Subcarrier Oscillator, for 
FM/FM telemetering circuits, 
offering a linearity within 
0.3% of band-width and a 
frequency stability 
within 1.5%.

Westinghouse Electric Corp., Electronic
Tube Div..........................................................

Whitworth Aircraft Ltd., Sir W. G.
Armstrong .....................................................

Whitso, Inc...........................................................
Wiancko Engineering Co. . . ...................
Wright Machinery Co. • . ...........................

Zacharias Electronics Corp.

See them at Washington's Shoreham Hotel, September 19-21.

HOOVER
ELECTRONICS COMPANY
SUBSIDIARY OF THE HOOVER COMPANY

110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND

Field Liaison Engineers 
Los Angeles, California
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Advertising Representatives
ADVERTISING SALES MANAGER: 
Bryce Gray, Jr., NEW YORK: Owen A. 
Kean, Robert W. Gascoigne, Richard 
Parker, Blair McClenachan, James P. 
Quinn, Ralph Richardson, Donald J. 
Liska, Charles J. Stillman, Jr., 830 
Third Avenue, PLaza 1-5530; CHI
CAGO: Thomas P. Kavooras, Berry 
Conner, Jr., Fred T. Bruce, 664 N. Mich
igan Avenue, SUperior 7-8064; LOS 
ANGELES: John V. Quillman, Wayne 
Stoops, 3275 Wilshire Blvd., DUnkirk 
2-7337; SAN FRANCISCO: Stanley I. 
Ehrenclou, 292 Walter Hays Drive, Palo 
Alto, DAvenport 1-7646; SOUTHEAST
ERN: Pimie & Brown, Morgan Pimie, 
Harold V. Brown, G. H Krimsier, 1722 
Rhodes Haverty Bldg., Atlanta, Ga., 
JAckson 2-8133; LONDON EC4: Brad 
Nichols, 151 Fleet Street.

regulated... 
isolated, 

transistor
POWER SUPPLIES
for STRAIN GAGES

Continuously variable output ranges 
in 6 standard models from 0 to 30 v 
and 0 to 200 milliamps at input of 
117 v (95-135) 60 cps.

Noise level across a grounded 350 
ohm bridge only 1.00 pv peak-to- 
peak typical. Line voltage regulation 
0.03% and load regulation 0.03% no 
load to full load. Isolation 0.04 ppf of 
capacitive coupling to AC power line. 
Other specifications: also excellent. 
Immediate delivery with guaranteed 
performance.

Write today for our sales data sheet 

and name of nearest representative.

COMPUTER 
{Ly ENGINEERING

ASSOCIATES, INC.
350 North Halstead • Pasadena, Calif. 

ELgin 5-7121
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	Call your $) rep today for a demonstration of one of these
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	DC to 300 KC-“BIG SCOPE” PERFORMANCE
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	Mossbauer Effect New Approach


	from

	this

	Mo
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	Seven Radar Sites Needed
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	■pace-Flight Costs to Be Cut

	TRANSISTORS REPLACED BY

	FROM FAIRCHILD

	Man-Machine Systems Top Topic

	On the Product Front
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	“Everybody talks about reliability, but nobody does much about it,” a customer’s Quality Control Engineer told us recently.

	There’s just enough truth in this generalization to cause misunderstanding and confusion, particularly where semiconductors are concerned. We’d like to set the record straight.

	Solid Microwave Sources Unveiled

	Radar Under Test for Zeus
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	Hudson Tool & Die Company • Inc

	Precision Metal Components for Electronics, Nucleonics, Avionics and Rocketry
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	New Design Factors in Commercial Systems

	NEWS


	New Pay-TV System Being Readied for Field Tests

	The Viewer Talks Back

	DC TC


	2000 Me

	BANDWIDTH


	0.2 Mu sec

	RISE TIME

	For full details, write for Data Sheet 7070.

	| Edgerton, Germeshausen & Grier, Inc.


	Electronics Learns from Biology

	Alan Corneretto

	Growing Pains Hinder Bionics Progress

	First Step: Neuron Simulations

	NOW PRICED WITH PRECISION WIRE-WOUNDS!

	What the Neuron Does

	Eye and Ear Neuron Analogs Coming

	The Artron: Neuron-Based Learning Machine

	New 425A Microvolt-Ammeter

	SPECIFICATIONS

	HEWLETT-PACKARD COMPANY

	Or how to save “computer” time by processing only needed information



	“KEMET" CAPACITORS HELP CONTRIBUTE TO THE PERFORMANCE AND RELIABILITY OF THE BOEING 707 ELECTRICAL CONTROL

	UNION CARBIDE

	Neural Activity via Electroluminescence

	Quads
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	Waters new PT % and MIL-R-19/I A

	meets MIL-R-19A at half the cost!”
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	fasten steel with Tinnerman "U" CLIPS

	in


	NEWS

	Radiation Effects on Components Studied With New Army Reactor

	SEIC Issues Newsletter For Military, Civil Readers

	I960





	A real heel might test a Fusite Terminal like this

	THE FUSITE CORPORATION

	6000 FERNVIEW AVE., CINCINNATI 13, OHIO

	Symposium on Space Electronics To Be Held in Washington in Fall

	Magnetic Videotape Employed On Undersea Video Recorder


	ITT SILICON RECTIFIERS

	Five Major Computer Makers To Cooperate at Business Show

	Firs Aga

	Digital Servo System

	Under Development at Lear

	First Suit Designed to Protect Against RF Radiation Is Tested

	Ammonia Batteries Suggested For Stand-By Satellite Power

	Texas Instruments4 ASR-4 Radar Slated for 34 Air Terminals

	Atom-Powered Electronic 'Sentry' Under Development at Martin Co.
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	Dielectric Oils Break Down Because of Formation of Gas or Gel

	Proper Choice of Solid Insulators and Parts Makes The Difference

	hydro« relath insula
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	•	Filters

	•	Toroidal Transformers

	•	Phase Split Networks

	• Coils

	• Baluns
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	Nickelonic News

	Nickel shields tube against cracking

	Nickel alloys prevent warpage and leaking in VHF tetrode

	(ABCDabcd 4- ABCDabcd 4- ABCDabcd 2) 4- ABCDabcd) (EFef +EFef) = 1

	[CD (ABab 4- ABab)cd 4- AB(CDcd 4- 3) CDcd)ab] (EFef+ EFef) = 1



	Make Your Own Transistor Parameter Converter

	= (3 + D lu

	Too Many Subdivisions Spoil The Scale

	Don't Associate Line Length

	With Particular Unit or Fraction
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	Rules for Scale Design
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	A Line Is a Line When Length



	EMCOR STANDARD CABINETS
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	Send for Bulletin EPD 3116-1, Letterhead requests only, please

	VICKERS INCORPORATED


	ELECTRIC PRODUCTS DIVISION

	Price b- Availability: Single units, $75; matched pairs (type 1N3096B.M), $187.50, are available within three weeks.

	NEW PRODUCTS

	Neon Lamps	556

	Motor-Driven Switch 554

	Data Processing 570 System



	A NEW EXPANDED FACILITY OF THE AMPHENOL-BORG ELECTRONICS CORPORATION

	Magnetic Tape Head

	Feedback Control System

	505

	Price 6- Availability: $695 to $845; 4 weeks.


	Communication Wire Connector

	Comparison Bridge 381

	Directional Coupler 382

	Price: Type N connector model is $120, type C connector model is $130.


	Oscillators O.O1 cycle to 7425 Me

	GENERAL RADIO COMPANY ^45^

	Price & Availability: $1,100; two-week delivery.

	DAGE manufactured prototypes of a new series miniature

	minimizes rocking of the mated pair and eliminates electrical


	Availability: Twists, elbows, and bends arc avail-

	able on a prompt delivery schedule.

	429

	Precision Wirewound Resistor

	Reference Power Supply 426

	Price & Availability: About $2,000; delivery is from stock to 60 days.


	Elapsed-Time Indicator 502


	Unmatched for



	MIL-R-11 APPLICATIONS

	Unmatched for


	EASY SOLDERING

	fixed composition RESISTORS

	from These Leading Distributors

	Power Triode	511

	Telemetry Subcarrier Calibrator 519





	power diode/rectifiers

	Photoconductive Cells

	352

	designed to meet USAF MIL E-11143 specs
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	Price: $1.15 to $4.00 ea depending on quantity.

	Price ¿r Availability: $85 fob Houston; 6 to 8 weeks.

	Ten-Point Stepping Switch

	DLY 'ELY S

	Servo Amplifier	501
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	Insulating Material 38C

	PNPN Silicon Switch

	Price & Availability: Delivery from stock at $10.
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	GL4771

	Power Supply

	398

	High-G Rotary Accelerator



	NEW PRODUCTS
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	CRIMEA AND PUNISHMENT

	Strain-Gage	391

	Subcarrier Oscillator

	Recorder-Reproducer 399

	422

	I960


	MIL-W-16878C


	This is the new Union Crystal Case Relay

	126

	NEW PRODUCTS

	Silicon Diode

	Price & Availability: $6 ea for 1 to 99 units; immediately available in production quantities.


	PNP Transistors

	Price ir Availability: Price ranges from $1.65 to $2.21 ea in quantities of 1 to 99. Units are furnished by distributors.
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	NEW PRODUCTS

	Pressure Meter 67

	Meters	405

	Oscillator	672


	NEW PRODUCTS

	Balanced Mixer

	Diffused Silicon Diodes

	Signal Simulators
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	Availability: Delivery 30 days after order received.


	Vane-Axial Blower

	373

	Mylar Film Capacitors
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	MEASURE toWER


	SF

	September 14. I960

	NEW PRODUCTS

	Insulated Cable

	421

	512

	Silicon Rectifiers

	427

	Price & Availability: $0.75 to $1.75 in quantities of 1 to 99. Production quantities are in stock.


	Diode Electronic 676 Multiplier

	Availability: Delivery can be made within 90 days after receipt of order.


	Silicon Transistors 682

	Availability: Available from stock.

	Availability: Immediate delivery.
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	Magnetic Brakes and 684 Ciutches

	Calorimeter Bridges 685

	Availability: 30 days.


	Temperature Test 686 Chamber

	Price: Chamber sells for $735; viewing window is $100 extra.



	PROBE DAMAGE

	The CINCH STANDARD "D"*


	NEW PRODUCTS

	GEARMOTORS % SMALLER

	GLOBE

	DIFFERENTIAL

	DC AMPLIFIER

	256

	Production Glass Welder

	as Distributor

	267

	268

	!69

	TOR

	Molding Compound

	Availability: Data and samples will be sent upon letterhead request.


	Welding Head

	Price: $325 fob Pasadena.


	Insulation Laminator


	fine

	ENTHONE

	Y.



	revolutionizes soldering!

	NEW LITERATURE

	send for this




	FREE

	Electronics Catalog

	General Electric offers a complete line

	KEARFOTT DIVISION

	HARNESS STRAP

	BLILEY ELECTRIC COMPANY

	Heart of the Control System

	TT A "D^F MANUFACTURING THE XlXXXV X COMPANY



	FLOATED

	RATE

	GYROS F «

	PAPER TUBES

	COIL WINDING

	ParamountPAPER TUBE CORP.

	NEW LITERATURE

	AC/DC RATIO STANDARD

	• ONLY ONE MOVING PART in this New Pressure-to-Voltage System

	GERTSCH PRODUCTS. Ine.

	Step

	Tron

	Com






	NOW!

	NEW LOWER

	PRICED COIL FORMS

	Interchangeable with industry standards
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	IDEAS FOR DESIGN


	Visual Display Helps Determine Tuning Fork Q

	1 le

	< c

	1960

	Walter Plywaski, Engineer, The Martin Co., | Denver, Colo.	L

	CLEAN

	Modified Circuit Limits Pulse Amplitude More Effectively

	Ein Eb

	Burt IL Liebowitz, Engineer, Airborne Instruments Laboratory, Huntington, N.Y.


	Voltmeter-Variable Resistor Measures Zener Current





	JAN

	David J. Goldman, Electrical Engineer, Di/An Controls, Inc., Boston, Mass.


	or

	NON-JAN

	HUGHES’ DIODES ARE ALL STABILIZED AND CONDITIONED

	HUGHES

	[ht ¡ED

	FROM DESIGN

	TO PRODUCTION


	FIRST Airborne Doppler Radar Navigation System

	H. E. Wood, Engineer, Lansdale Tube Co., Lansdale, Pa.

	Woods Metal Good For Plugging Plumbing

	J. D. Stewart, National Research Council, Radio & Electrical Engineering Div., Ottawa, Canada.
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	from 10 KC to 600 MC

	HOW FLAT IS FLAT?

	IXI I




	HOPKINS

	yours, of course, for the asking.


	HEINEMANN ELECTRIC COMPANY

	SPECIAL BOOK PREVIEW


	System Applications of Ferrite Devices

	Zo cos ßl 4- jZL sin ßl

	lb. To Isolate Subsystems. The klystron in

	displacement.

	Less tape breakage.
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	STANDARD SIZE CRYSTAL UNITS

	ALL-GLASS CRYSTAL UNITS

	SUB-MINIATURE

	CRYSTAL UNITS

	CRYSTAL FILTERS

	X V +	- «/

	And Somers Thin Strip tape provides:

	comers

	as easy as




	PRECISION
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	OPERATION AT TEMPERATURES UP TO 155° C.



	How to compensate

	for temperature variation in a transistorized flip-flop

	Ty = Td - Tc
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	on Rantec multiplexers and filters for telemetry... unique devices which

	Schuler Pendulum


	DIGEST

	There’s News in an Editor’s Work-Week

	Schuler Pendulum Analog Maintains Vertical Reference

	The Four-Gimbal System

	Laboratories, Inc

	Three-Gimbal System

	Advantages:

	Disadvantages:

	Four-Gimbal System

	Advantages:

	Disadvantages:

	Aircraft Maneuverability

	Three-Gimbal System

	Four-Gimbal System

	Reduction of Platform Drift Due to Torque Rectification

	CICOIL Super-Flex


	CICOIL

	4- 0.5 (1—e“®^“^) (Dz+Dxr)

	4- (1— Dxy

	available for immediate off-the-shelf delivery


	REPORT BRIEF«»

	—■■M Tempt

	Temperature

	DELTA PORTABLE TEMPERATURE CHAMBERS


	Control

	o • ■

	-100°F to +500°F


	DELTA DESIGN, Inc.

	CONNECT«»®

	STANDARD AND SPECS

	ENGINEER-IMPROVEMENT COURSES AND SEMINARS

	Packaging, Plant Layout and Material Handling, Sept. 25-30, University of California

	For further information write Engineering Extension, Room 6266, Engineering Bldg., Unit 11, University of California, Los Angeles 24, Calif.

	Symposium Sponsored By The Texas Div. of Collins Radio Co.
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