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high-quality, low-cost, distributed-constant delay line.

l Simplicity of design permits close control of electrical 
characteristics even to providing, in many applications, 

unusual phase characteristics to meet customers’ 
special requirements.

Encapsulation in phenolic impregnated rigid tubes 
with axial leads assures good stability under 

adverse environmental conditions. These delay 
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Dept.^266, 401 N. Broad St., Phila. 8, Pa.

In Canada: International Resistance Co., Ltd., 
Toronto, Licensee

Send technical data and prices on the new IRC 

Distributed Parameter Delay Lines.

NAME

COMPANY.

ADDRESS

CITY. ZONE_____ STATE

J. Lahey 
E Mount
S.
T.

H.
M.

Viebig 
Blake

Hubelbank 
Monstream 
Adashko

Brenner

Editorial Assistants C. E. Denton 
F. Muehleck 
M. S. Buckley

Art Director S. Sussman
Asst. Art Director R A. Schulze

Art Assistant D. Lunn

Production Manager T. V. Sedita
Asst. Production Manager M. W. Baron

Production Assistant S. Lerner
Business Manager P. L. Canfield

Circulation Manager S. Buffinton

Co-Publishers

T. Richard Gascoigne 
James S. Mulholland, Jr.

Advertising Sales Manager
Bryce Gray, Jr.

Advertising Representatives
New York:

19 E. 62nd St.
TEmpleton 8-1940

Chicago:
664 N. Michigan Ave. 

Superior 7-8054

Los Angeles:
5720 Wilshire Blvd. 

WEbster 3-3881

Owen A. Kean 
Robert W. Gascoigne 
Harley F. Macomber 
Blair McClenachan 
Richard Parker

Berry Conner, Jr.

Robert E. Ahrensdorf 
John Quillman 
David W. Morgan

Subscription Policy
ELECTRONIC DESIGN is circulated only to qualified 
electronic design engineers of U. S. manufacturing 
companies, industrial consultants, and government 
agencies.
If design for manufacturing is your reponsibility, 
you qualify for subscription without charge provided 
you send us the following information on your 
company's letter head: Your name and engineering 
title, your company's main products, and descrip 
tion of your design duties. The letter must be 
signed by you personally. Any address changes fe 
old subscribers necessitates a restatement of the$< 
qualifications.

Subscription rate for nonqualified subscribers- 
$12.00 for 1 year only.

Hayden Publishing Company, Inc. 
19 East 62nd Street
New York 21, New YorkCIRCLE 1 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • July 15, 1 57



JUL 18 «57 B 661644

N

Contents B 661644 Vol. 5, No. 14

July 15, 1957

fied 

ring 
nen*

lity 
ided
your 
ring 
crip

be 
fo

hest

Transistors ’57 (Cover)................................................................................following page 86
Editorial...................................................................................................................................... 4
Engineering Review............................................................................................................. 5

Washington Report....................................................................................................................... 16

Features
What Is The Status of Transistors? B. Reich............................................................................ 24
New Frontiers in Solid-State Physics, M. H. Hebb......................................................... 25
Analysis of Nuclear Radiation Effects on Transistors, D. B. Kret.................................... 28
Airborne Telemetering Electronic Commutator.................................................................. 32
Tiny Transistor Assemblies................................................................................................... 38
Design of Oscillators—II, K. A. Pullen, Jr............................................................................ 40
Converter................................................................................................................................ 44
Using a Curve Tracer for Transistor Circuit Design, N. B. Saunders............................ 46
Class A Transistor Power Amplifier Design, R Minton.................................................. 50
Extension and Adapter Sleeves............................................................................................ 54
Resettable Grasshopper Fuse............................................................................................ 54
A Voltage Gain Nomogram for Transistor Circuit Design, R Wellsand ... 56

Background for Designers
Frequency Division with Semiconductor Devices, A. W. Carlson................................... 34

Transistor Data Chart
Contents 1957 Data Chart................................................................................................... viii
Transistor Tables................................................................................................................. ¡j
A Survey of Transistor Characteristics, R. L. Riddle......................................................... ii
Transistor Parameter Conversion Table, E. Novak......................................................... x
Transistor Test Equipment Survey, S. C. Ibsen............................................................................... xviii
Test Equipment Tables...................................................................................................................xviii

Ideas for Design
Transistor Beta Tester....................................................................................................................132
Encapsulated Blocking Oscillator.............................................................................................. 133
Quick Release Fastener................................................................................................................... 134
Shock Mount Provides Mobility..................................................................................................... 135
Regulated Radio-Interference Free Generator................................................................................ 136
New Shock Mounting....................................................................................................................138
Tube Protection Scheme....................................................................................................................139

Russian Translations 
Russian Transistors....................................  150
What the Russians Are Writing..................................................................................................... 152

Abstracts
Feedback Transistor Circuits............................................................................................................ 158

Departments

>rs— ELECTRONIC I'ESIGN is published semi-monthly by Hayden Publishing Company, 
Inc., 19 E. 62nd Street, New York 21, N. Y , T. Richard Gascoigne, President; 
James S Mulholland Jr., Vice-President & Treasurer and David L'. Landis, Secre­
tary. Printed at Hildreth Press, Bristol, Conn. Acceptance under section 34.64 
P L. & R. authorized/ Copyrighted 1957 Hayden Publishing Company, Indy 30,000 
Copies this issue.

Letters to the Editor . 18 Report Briefs............................ 140
Meetings............................ 20 Patents........................................... 144
New Products .... 60 Books.......................................... 148
Se vices for Designers 108 Standards & Specs .... 160
New Materials .... 110 Careers Section............................ 162
N w Literature .... 114 Advertisers Index .... 169

ELECT! ONIC DESIGN • July 15, 1957



for an entirely 
new range of 
time delays

Delay Intervals:

10 u 
seconds

Recovery Rate 

extremely 
rapid

specify 
sturdy, dependable, 
application-tested

rYPE HF-0 
heater-28 
SET FORI $

HOT WIRE 
tlME DELA> 

RELAY

contacts NO

V Controls**
**5T ORANti,*'^

Hot Wire Time Delay Relays
SERIES H

G-V
Hot wiR* 
r’M£ delà* 

relay

YPE mm O*
HEATER 63*

FOR 3$

Designed for delay intervals which are longer than 
those produced by magnetic relays and shorter than 
can be produced by the usual types of thermal relays, 
these G-V Hot Wire Time Delay Relays make possible 
many simplified, lightened and improved designs.

contacts Hf
3* CoNTftOL»**

How They Operate: G-V Series H Time Delay Relays 
employ a group of nickcl-chromium alloy wires, 
8 to 20 strands electrically in series and mechanically 
in parallel, as the actuating element. A mechanism 
holds these wires under tension and when the 
energizing current passes through these wires, 
heating them and causing elongation, the mechanism 
multiplies this and moves the contacts into 
or out of engagement.

WRITE for Publication No.35- 
complete engineering 
data and drawings.

Over two years of successful field service in electronic, 
aeronautical and industrial equipment prove these new 
G-V relays to be dependable, efficient and accurate.

ADJUSTABLE JELAY even though hermetically sealed
DC or AC uf any frequency for energization
SMALL AND LIGHT. diameter, 23/s" length. Weight: 1 oz
WIDE AMBIENT RANGE compensated from-70 C to 100 C or higher
CONTINUOUS ENERGIZATION without damage
AVAILABLE in 7-pm Plug-m and Flanged designs

G-V CONTROLS INC.
18 Hollywood Plaza, East Orange, New Jersey
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Diffused junction STUD RECTIFIERS
Temperature Range, minus 65°Cto plus 165°C

t Rated at 15O°C t Rated at 135°C

AVERAGE CHARACTERISTICS

Type
Peak 

Inverse 
Volts*

Average 
Rectified 
Current** 
Amps.

Reverse Current 
(max.) at PIV 
mAdc at 25°C

CK846 100 l.ot 0.002
CK847 200 1.0 + 0.002
CK848 300 l.ot 0.002
CK849 400 l.ot 0.002
CK850 500 l.ot 0.002
CK851 600 l.ot 0.002
1N253 95 l.ot 0.010
1N254 190 0.4 J 0.010
1N255 380 0.41 0.010
1N256 570 0.2 { 0.020

JU" Hex

Actual 
Size

Diffused ¡unction WIRE-IN RECTIFIERS
Temperature Range, minus 65°C to plus 165°C

AVERAGE CHARACTERISTICS

Type
Peak 

Inverse 
Volts*

Average Rectified 
Current** Amps. Reverse Current 

(max ) at PIV 
mAdc at 25°C

150°C 
Ambient

100°c 
Ambient

1N537 (CK840) 100 0.25 0.5 0.002
1N538 (CK841) 200 0.25 0.5 0.002
1N539 (CK842) 300 0.25 0.5 0.002
1N540 (CK843) 400 0.25 0.5 0.002
CK844 500 0.25 0.5 0.002
CK845 600 0.25 0.5 0.002

Actual 
Size

) POWER RECTIFIERS
Temperature Range, minus 65’C to plus 165°C

*PIV ratings apply from —65°C to +150"C •• Average rectified current into inductive or resistive load

*

MAXIMUM RATINGS

Type
Peak 

Inverse 
Volts

125 C Case Temperature 25°C Case Temperature
Average Rectified 

Current** 
Amps.

Peak 
Current 
Amps.

Forward Voltage 
at 

5 amps.

Reverse 
Current 

(max.) at PIV

CK774 25 5 15 1.5 5 mA
CK775 60 5 15 1.5 5
CK775-1 125 5 15 1.5 5
CK776 200 5 15 1.5 5
CK777 325 5 15 1.5 5 Actual 

Size

Silicon and Germanium Diodes and Transistors • Silicon Rectifiers

PrAYTHEon

CHICAGO: 9501 Grand Ave, Franklin Park • TUxedo 9-5400 

LIS ANGELES: 5236 Santa Monica Blvd • NOrmandy 5-4221

NEWTON. MASS.: 55 Chapel St.
NEW YORK: 589 Fifth Ave.

Bigelow 4-7500
Plaza 9-3900
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Editorial
Transistor Noise

Special issues generally run the risk of offe: ing 
nothing of interest to a number of readers. Not so 
with transistors. All circuit and equipment de­
signers are interested. The promise of unlimited 
life is a feature which can’t be overlooked.

This is not to say transistors threaten the exist­
ence of vacuum tubes. Metal and ceramic tubes 
are available to operate at 500 to 800 C. The 
present target for top transistor operation is 
500 C. By the time this is achieved, tubes will 
probably have exceeded 1000 C. Tubes are still 
well out front with regard to power, frequency 
response, high-temperature operation and toler­
ance to radiation. We expect transistors to catch 
up. According to Dr. Hebb of General Electric, 
there is every reason to expect improvements in 
the first three areas. Except for possible inherent 
limitations in radiation tolerance, Hebb finds no 
theoretical reason why transistors cannot match 
many types of tubes.

What seems to be needed is more competition. 
This may seem paradoxical in view of the fact 
that there are 430 different types in our fifth 
Transistor Data Chart, compared to 270 for last 
year. (These are types commercially available.) 
This impressive quantity belies the real situation. 
Only in a few cases do different manufacturers 
make the same or interchangeable types. (In only 
five cases are RETMA types made by more than 
one manufacturer.) Military designers in particu­
lar are reluctant, or may find it impossible, to 
specify transistors if there is only a single source 
available.

What may be needed is standardization of 
user demands. The perennial cry has been that 
manufacturers don’t standardize. It will be a long 
time before there is or can be any standardiza­
tion of manufacturing processes. Until that time, 
there will be few identical types. In the mean­
time, transistor manufacturers will put out many 
new types, more or less sampling the market. 
Those that look like they can be sold profitably 
will be manufactured. This means the designers 
requirements and demands can influence what is 
made.

User criticisms about too many types but no 
similar types are worthless until there is an effort 

on the part of users to guide manufacturers in­
telligently. Tantalizing both users and manufac­
turers are valid accelerated life tests. Thwarting 
concentrated effort to take stock of what might 
be best for the future of the transistor industry 
is the celerity of manufacturers turning out bi t­
ter units and the frantic effort of users trying out 
all the new items. But such activity almost guar­
antees progress.—JAL
Next issue watch for the first of a two-part s des 
on transistor network design.

ELECTRONIC DESIGN • July 15, 951 El



sung 
ot so 
t de­
li ited

exist- 
tubes

The 
)D ÍS 
i will
3 Still

Engineering Review | For more information on developments de­
scribed in “Engineering Review,” write directly 
to the address given in the individual item.

lency 
toler- 
catch 
jctric, 
nts in
lerent 
ds no 
natch

tition. 
e fact 
r fifth 
ir last 
labié.) 
lation.
■hirers

e than 
articu- 
jle, to
source

ion of 
■n that 
along 

ardiza- 
,t time,
mean-

t many 
narket. 
)fitably 
signer’s 
what is

-i

but no 
n effort 
rers in- 
anufac- 
warting 
t might 
ndustry 
mt bet- 
dng out 
st guar-

Two of the portable microwave stations are placed 
back to back to form a link. Each station can be 
broken down into individual units that can be carried 
on a man’s back. The amount of time it takes to erect 
one of these stations is about five minutes.

easily installed. As it turned out, one link of the MX- 
641 microwave system can be erected in approxi­
mately five minutes. The equipment is also water­
proofed to allow floating it across bodies of water.

One of the components which gives this system 
a somewhat distinct appearance is the cigar-shaped 
antenna. Consisting of a disc-loaded aluminum rod, 
with the discs slightly varying in diameter and spac­
ing according to frequency demands, the antenna 
has considerable advantages over parabolic designs 
in being quite light in weight and in having less 
wind resistance. Capable of producing a gain of 
about 18 db, the antenna can be easily attached to 
whatever offers itself, such as trees, telephone poles 
and the like. For the ordinary situation, a pneu­
matic mast permits raising of the antenna to a 
height of 22 ft. The length of the antenna is not 
critical; however, by making it longer, it becomes 
more directional.

A 2000 me band was chosen in preference to a 
higher frequency so that rather long feeders to the 
antenna could be used without a crippling loss of 
power. Thus antennas can be set at considerable 
heights to achieve the required line of sight.

A terminal station, consisting of eight units, can 
be transported in a jeep, small trunk or by three

men over terrain inaccessible to vehicles. Voltages 
from 105 to 240 ac v can be used for power. A 
switch permits selecting the proper transformer 
connection for the supplied voltage. A test meter for 
monitoring and adjusting all the important circuits 
in both the radio and pulse chassis is also included. 
Simply by juxtaposing two terminal stations, a relay 
station can be established. Links up to 180 miles 
are possible by means of such stations placed about 
30 miles apart.

rt s ries

Weighing less than 46 lbs per unit, a microwave 
communications system has been developed which 
should prove highly applicable to a multitude of 
military, emergency and industrial situations. De­
si’med in Paris, France, by the Compagnie Generale 
de Télégraphié Sans Fil, the system is being mar- 
L ted in this country by International Electronics 
Corp, of Mineola, Long Island, N.Y.

The purpose behind the design of the equipment 
w s to furnish a system that could be carried piece- 
mi d on men’s backs and could be quickly and

The microwave antenna with the new look can also 
be attached to trees and telephone poles. Offering less 
wind resistance than the parabolic type, the disc- 
loaded aluminum rod has a gain of about 18 db.

The Seagoing Air Force: In order to fill a missile 
tracking gap in the 5000 mile test range off the coast 
of Florida, the Air Force ARDC has taken to the water 
in ships obtained from no one other than the Army. 
Six cargo vessels were converted into telemetry ships, 
which will receive data from missile test flights over the 
Atlantic ocean and transmit this data back to Cape 
Canaveral, Florida.

5, '957 ELECT ONIC DESIGN • July 15, 1957



Engineering Review

Color TV Studies Missile Takeoff

The color of flash and flame spurt­
ing from a missile during and shortly 
after takeoff can disclose considerable 
information concerning the missile’s 
flight characteristics. Closed-circuit 
color TV will make the recording of 
such information possible, an accom­
plishment which was almost impos­
sible previously without such a sys­
tem. Required safety precautions and 
the variations in the brightness of the 
flame made it extremely difficult to 
observe its color.

The closed-circuit TV is being pur­
chased by the Army from General 
Electric Co. The contract calls for de­
livery this month, and the system will 
be put to use at the Army’s Missile 
Test Center at Cape Canaveral, Fla.

Lots of Juice
In 1963, 450 billion kw-hrs of electrical 
power will be required by American 
industry, according to Westinghouse 
Vice President A. C. Monteith. The 
figure is 12-1/2% higher than the esti­
mate made in 1954.

Doped Gold Transistors

The development of doped gold 
processes, utilizing group 3 and 5 
elements, for use in germanium and 
silicon semiconductor applications, is 
expected to eliminate major short­
comings of conventional materials by 
operating at room temperatures, and 
producing bright, uniformly distrib­
uted gold deposits in required thick­
nesses, directly from the bath. Doped 
with antimony or other elements, de­
pending on the desired physical 
properties, the process is the result of 
work done by Precious Metals Divi­
sion, Sei-Rex Corp., Nutley, New 
Jersey.

Although the electronics industry 
has taken advantage of gold’s unique 
properties for years, gold processes 
containing small percentages of 
group 3 and 5 elements have not 
been reliable in proprietary salts or 
solutions, heretofore.

SILICON 
DIODES 
FEATURES

• Recovery times under .15 /¿sec
• High voltage ratings
• Operation up to 200°C
• High Inverse Resistance
• Subminiature size
MILITARY AND HIGH CONDUCTANCE TYPES

RATINGS AT 1SO°C AMBIENT

Type

Maximum 
Invers« 

Operating 
Voltage 
(volts)

Maximum 
Average 
Forward 
Current 

(ma)

Maximum 
Inverse 
Current 
(M) @ V

IN457* 60 25 5@ 60
IN458* 125 25 5@ 125
IN4W* 175 25 5@ Ï75
IN486A 225 50 25 @ 225
IN488A
• 1AM

M0 50 25 9 380

HIGH FREQUENCY AND FAST SWITCHING TYPES
RATINGS AT 25’C

Type

Maximum 
Inverse 

Operating 
Voltage 
(volts)

Maximum 
Average 
Forward 
Current 

(ma)

Inverse 
Recovery 

Time 
(m»«c)

IN25P 30 75 .15
IN252 20 100 15
SG2I3 200 30 .3
SG223 200 55 .5
SG228 200

♦JAN Type«
Write fer Bulletin TEI 350

80 1

GERMANIUM 
DIODES
FEATURES

• Complete Reliability
• Superior Forward Conductance
• Higher Inverse Resistance
• More Uniform Characteristics
• Greater Ruggedness

SPECIFICATIONS AND RATINGS AT 25°C

rane
SILICON Power

A - FEATURES 
• Reliability at High Temperature 
• High Power Handling Ability 
• High Efficiency 
• Rugged Construction 
• Hermetically Sealed 

MINIATURE TYPES
RATINGS AT 150°C AMBIENT

Type

Peak 
Recurrent 

Inverse 
Voltage 
(volts)

Maximum 
Average 
Forward 
Current 

(ma)

Maximum 
Inverse 
Current 

(ma)

TJI0A 100 200 .5
TJ25A 250 200 .5
TJ40A 400 200 .5

SILICON RECTIFIER STACKS
RATINGS AT 125°C AMBIENT

Circuit

DC Output

Stack 
Designation

Voltage 
(volts)

Current 
(amps)

6 0 Star ISO 30 TL6SIAI/TR352
3 0 Bridge 325 18 TL6FIAI/TR352
3 0 Halfwave 1120 1.2 TDI2Y6BIA4
1 0 Bridge 748 1.2 TDI2B4CIA3
1 0 Center Tap 250 3.0 TDI2C4C3A2

SILICON VOLTAGE 
REGULATORS and 
REFERENCES 

FEATURES
• Excellent long-term stability
• High current handling ability
• Operation to 150°C
• Extended operating current range
• Small size, easy mounting
• Hermetically sealed

Reference assemblies are available with temperature coefficients to 
.002%. They aro also available with voltage tolerances to I %^ from 
10 to over 100 volts. The assemblies are encapsulated in a miniature 
axial lead package.

Other JAN types: INMA, INM, IN70. INII, INIM 

Write fer Bulletin TB1300 A TEI 319
CIRCLE 4 ON READER-SERVICE CARD ►

"Leadership in semiconductors’'

Inverse

Type

Forward 
Current 
at 4- IV 

(ma)

Current at 
Specified 
Voltage 
U« @ V)

Max. Oper. 
Voltage 
(volts) Description

IN270 
IN 277

IN276 
IN28I

INI26

INI27

IN IM

200 
ICO

40 
40

5

5

5

100 @ -50
250 @ “SO

75 @ - 10 @ 75

100 @ -50
500 @ -50
30 @ -10

500 @ -50
30 @ -10

300 @ -50
25 @ -10 

250 @ -50
75 @ - 10 @ 75

c

c

80
100

70 
60

60

100

50

JAN TYPES

IN283 
TI6G

200
40

20 @ -10 
100 @ -50
20 @ —10

20
60 COMPUTER 

TYPES

IN278 
T22G

20
40

125 @ -50 @75° 
20 @ - 10 @ 75°

c 
c

50
15
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Modified Matadoritron

wakefield, massachus e tts

Tra natron
J electronic corporation

CIRCLE 4 ON READER-SERVICE CARD

High Altitude Altimeter

A new type altimeter, accurate in 
the ranges of from 75,000 ft to 225,000 
ft, is being produced by Hastings- 
Raydist, Inc. of Hampton, Virginia. 
The altimeter operates on 115 v ac is 
unaffected by ambient temperature 
changes, and provides continuous di­
rect altitude reading or recording. The 
instrument measures altitude by means 
of a transducer, which consists of a 
noble metal thermopile. At the higher 
altitudes it becomes much more sensi­
tive than the usual bellows or capsule 
types of pressure indicators. Maximum 
sensitivity is in the range of a few mm 
of mercury.

These thermopile elements are com­
pensated for ambient temperature and 
change of temperature. The trans­
ducer elements are designed using 
only metal to glass and have been op­
erated satisfactorily through a range 
of temperature extending from —300 
to -}-300 F. The elements react very 
rapidly to changes in pressure and 
altitude, having a lag of only a few 
hundredths of a second.

RECTIFIERS

The Matador ground-to-ground tac­
tical missile designed by Martin Co. 
and presently in operational use is be­
ing replaced by an improved version. 
Designated the TM-61C, the missile 
incorporates an improved guidance 
system developed by the Martin Co. 
Range of the TM-61C Matador will be 
substantially increased over the orig­
inal version, and traffic capabilities— 
the ability to control more than one 
missile in the air at the same time—will 
be greater, thus making the firepower 
of a missile squadron much stronger.

One of the most important improve­
ments in the TM-61C guidance system 
is stated to be the high resistance to 
electronic countermeasures. As in 
other Matador missiles, the TM-61C 
can be launched from rough terrain 
through the use of mobile launching 
platforms. The TM-61C is 39.6 ft long, 
54 in. in diam and has a wing span of 
28.7 ft. Operating at speeds of more 
than 650 mph, the missile is capable of 
altitudes over 35,000 ft.

2N83A 
2N83

8 @ I.0A 
8@ ,5A

i

Maximum Maximum 
Dynamic Current 

Voltage Range Résistance @ 25°C @ I25°C 
(volts) (ohms) (ma) (ma)

4.3- 5.4
6.2- 8
9 -12

13.5-18.0
20 -27

Write far Bulletin TI-13S2
*CaM temperature rating«

Maximum
Collector Maximum Maximum 
Voltage Collector Power 
Vce Peak Current Dissipation 
(volts) (amps) (watts)

Write for Bulletin Til 320

Type

Subminiature
SV-5 4.3- 5.4
SV-7 6.2- 8
SV-11 9.0-12.0
SV-15 13.5-18
SV-24 20 -27

4.3- 5.4
6.2- 8
9 -12

13.5-18
20 -27

Power
SV-904
SV-906
SV-910
SV-915
SV-924

55 C 
(amps)* 

2.0 
1.2

.8 

.6 

.4

(ma)* 

500 
300 
200 
150 
100

FEATURES
• Low Ico, typically under .02 pa
• Operation to 175°C
• Power Ratings of 200 mw
• High Frequency Operation
• Welded Hermetic Seal

Maximum 
Collector 
Voltage 
V.e Peak 
(volts)

GERMANIUM 
Power 
TRANSISTOR

TYPE

Minimum 
DC Common 

Emitter 
Current 

Gain 
(B @ Ic)

2N84A 
2N84

12 @ I.0A
12 @ .5A

Miniature
SV-804
SV-806
SV-810
SV-815
SV-824

Type

Minimum 
Common 
Emitter 
Current 

Gain 
B

Typical 
Cut-off 

Frequency 
(mc)

Maximum 
Collector 
Cut-off 
Current

9 25°C @ Ve 
Max. (ga)

Write for Bulletin Til 353

SPECIFICATIONS AND RATINGS AT 25°C

STI2 
ST32 
STI I 
ST3I 
STIO 
ST30

FEATURES
• Operation to 85°C
• Linearity at High Currents
• Up to 10 watts Dissipation
• Low Thermal Resistance
• Small Size
• Hermetically Sealed

RATINGS AT 15O°C CASE TEMPERATURE

Write for Bulletin TEI 342 & TEI 351

Type

Peak 
Recurrent 

Inverse 
Voltage 
(volts)

Maximum 
Average 
Forward 
Current 

(ma)

Maximum 
Inverse 
Current 

(ma)

MILITARY TYPES
IN253 95 1000 .1
IN254 190 400 .1

IN255 380 400 .15
IN256 570 200 .25

STUD MOUNTED TYPES
TM47 400 3000 .5
TM64 600 1000 .5

MEDIUM POWER TYPES
(amps)

IN250A 200 20 5
TR30I 300 10 5
TR402 400 20 5

HIGH POWER TYPES
(amps)

IN4I2A 100 35 5
TH402 400 35 5

SILICON 
TRANSISTORS
HIGH FREQUENCY TYPES



Title.

Company.

Address. < CIRCLE 12 ON READER-SERVICE CARD

State.

Pictured above are only a few of 
Western Gear’s complete miniature 

motor line, ranging from l/500th 
to 4 HP. Choose from cycle ranges of 

50 to 400 at any voltage required. 
Furthermore, if our basic designs do 

not meet your particular requirements, 
our engineers will be glad to work 
with you on your rotary electrical 
problems WITHOUT OBLIGATION!

□ Data sheet on Strain Gage Power Supply 
□ Data sheet on Lab-type Power Supply 
□ Data sheet on Stroboscope Unit

TRANSISTORIZED VOLTAGE REGULATOR—Rugged conditions are 
made to order for this precision unit, especially where performance, 
space and weight are of extreme importance.
The circuitry employs a shunt power transistor and a ■
temperature-compensated Zener diode reference voltage. Input I 
voltage is 31V DC plus or minus 4V. Output of the 7VR12 is 
5V DC at 100 to 200 MA. Regulation less than plus or minus *
.1 per cent for combined variations of input voltage, load current, 
temperature, drift and vibration. Dimensions 2x2x2. Weight 8.5 ounces. 
For more of the story, check and mail the coupon below.

Glenn Malme • WESTERN GEAR CORPORATION • P.O. Box 182, Lynwood, California

LABORATORY-TYPE POWER SUPPLY-
New from Western Gear, Electro 

Products Division, is this lab-type, 
voltage-regulated power supply, 

available in either cabinet or rack 
type mounting. Input voltage is 105 

to 125 volts at 50 to 60 cycles 
per second. Three output voltages are 

available... continuously variable 
0 to 300V DC at 150 MA; continuously 

variable 0 to negative 150V DC at
5 MA; and 6.3V AC at 8 amperes. 

For full information, use the 
coupon below.

MULTIPLE CHANNEL STRAIN GAGE POWER SUPPLY—Model 7P01 
single or multiple channel strain gage power supply, 115 V, 60 cycle 

input, 10V DC output, adjustable from 9-1IV DC with a 10-turn 
potentiometer. Output voltage changes less than plus or minus 

-05% due to temperature change from 0 to 45°C; output ¡Up voltage changes less than .1% due to 2% change in load 
current. Output ripple is less than 300 microvolts RMS, 

isolated from ground as follows: insulation resistance to ground, 
10,000 megohms; AC pickup voltage to ground, 5 microvolts peak. 

(Six channel unit shown.) For complete information, mail coupon below.

STROBOSCOPE UNIT—Now available, 
a reasonably-priced, compact, 
true-color stroboscope for viewing 
rotary, reciprocating or repetitive 
motion, as designed and 
manufactured by Western Gear’s 
Electro Products Division. 
SPECIFICATIONS: Flash duration, 
10 microseconds; light output, 
5 Lumen seconds per flash; 
repetition rate, 0 to 100 pulses 
per second; dimensions, 6" wide, 
5" high, 5%" deep.
For complete information, mail 
the coupon below.

Lightweight Radio Relay for Militc y

In line with the new Marine con­
cept of helicopter assault operation, a 
new lightweight radio communica­
tions relay set that can be carried on 
a man’s back to otherwise inaccessible 
battlefield locations is now available. 
Developed by Raytheon Manufactur­
ing Co., Waltham, Mass., the set op­
erates in the super high frequency 
range making it possible to reduce the 
diameter of the antenna to 2-1/2 feet.

The radios have a point to point 
range up to 10 miles or they may be 
linked in chain fashion to transmit up 
to 40 miles. Eight messages may be 
sent or received simultaneously. The 
complete radio and all auxiliary parts 
can be carried by a team of five men, 
the heaviest unit weighing about 55 
lbs. Total weight of the entire unit is 
about 250 lbs.

Please send information checked: 
□ Motor Catalog No. 254-A 
□ Data sheet on Voltage Regulator

Name--------------------------------------

Science Faculty Fellowships

The National Science Foundation 
announced that applications will be 
accepted after June 10, 1957, for a 
second group of Science Faculty fel­
lowship awards to be made in this 
calendar year. Closing date for receipt 
of applications is Sept. 3, 1957. The 
primary purpose of these awards is to 
provide an opportunity for college 
and university science teachers to en­
hance their effectiveness as teachers. 
Fellowships are offered for study in 
the mathematical, physical, medical, 
biological, engineering, and other sci­
ences.

The foundation’s awards will be ad­
justed so that the combined support- 
from the Foundation and other 
sources—will not exceed $10,000 per 
annum. Selection will be based on 
letters of recommendation, academic 
records, and other appropriate evi­
dences of professional activity and 
competence. Application materials 
may be obtained from the Division of 
Scientific Personnel and Education, 
National Science Foundation, Wash­
ington 25, D. C. Completed materials 
must be received not later than Sep­
tember 3, 1957. Selections will b) an­
nounced on October 18, 1957.



Policing Via TV: An experimental closed-circuit TV 
system is being used by the New York Transit Authority 
to study the possibilities of increased efficiency in sub­
way operations. Installed by General Precision Lab., 
N.Y., a small camera is mounted on a ceiling beam and 
focused on subway exit gates to prevent riders without 
passes from entering. A picture of the area is transmit­
ted by coaxial cable to a monitor screen located 
nearby. The use of television cameras to police entire 
subway platforms as a further deterrent to crime is also 
being considered.
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More Powerful Radar: Turret-like radar antennae 
'ocated behind the Terrier missiles aboard the cruiser 
USS Canberra will be used for long range missile guid­
ance. Developed for the Navy by Sperry Gyroscope 
Company, of Great Neck, N. Y., the AN/SPQ-5 radar 
systems came into fleet use after several years of testing. 
The fwo systems aboard the Canberra combine several 
radar functions in each unit. Either system can control 
♦he missiles from a single launcher or battery, or both 
radars can track different target groups simultaneously.

Tl e systems include flexible modes of scannihg and 
prov de the advantage of early warning.

ELEC RONIC DESIGN • July 15, 1957

TUNG-AAIGOLD BOI ■ ■ GERMANIUM 
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You 
can 

bend 
the 

leads 
like 

this,
without 

cracking 
the 

glass!
Here’s the answer to the problem of how to 
make computer diodes so the lead wires can 
be sharply bent dose to the glass body with­
out cracking the end seal. It's the “ring seal’’ 
design, an exclusive Tung-Sol construction 
feature embodying a metal collar fused into 
the end-seal. The collar absorbs the strain 
of lead wire bends, thereby preventing dam­
age to the diode enclosure.

During its more than fifty years of lamp, 
electron tube and semiconductor manufac­
turing experience, Tung-Sol has had to over­
come countless problems in glass to metal 
bonding. Almost every new product develop­
ment and design improvement thru the years 
has presented new technological challenges. 
The resulting stockpile of experience in seal­
ing glass to metal is one of the reasons for the

RING
NG-SOL
CTION !

TYPICAL DIODE CHARACTERISTICS:

Peak Inver»« Voltas« 75 volt»
Forward Current At 1.0 volt 75MA
Reverse Currents At -50.0 volts 50 Microampere»
Recovery Time Le*» Than 1.0 Microtecond

ED
UTER

s

high quality standards enjoyed by Tung-Sol 
ibes and semiconductor products.tu'
Tung-Sol Diodes with “ring seal'' construc­

tion will be supplied in the standard RETMA 
or JAN types. The Tung-Sol junction-form­
ing technique features an electronically- 
controlled bonding cycle. The result is a con­
sistently accurate bond which assures maxi­
mum uniformity of electrical characteristics.
ADDRESS INQUIRIES TOs
semiconductor division, Tung-Sol Electric Inc., 
95 Eighth Avenue, Newark 4, New Jersey.
SALES OFFICES I
Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas,Texas; Denver, Colo.; Detroit, Mich.; Irvington, 
N.J.; Melrose Park, Ill.; Newark, N.J.; Seattle, Wash.
SPECIAL INFORMATION SERVICE»
Your name will be added to our Special Mailing List to 
automatically receive new data as it becomes available.

CIRCLE 6 ON READER-SERVICE CARD FOR MORE INFORMATION
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TWIST WIRES DIP IN SOLDER . . .
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Bombed Again
The ARDC has just disclosed for 

immediate publication its Talking 
Bomb which, when parachuted above 
the heads of enemy troops, will suc­
cessfully talk them into surrendering. 
Judging from the number of news re­
leases received during the past year 
on this aerial brainwasher, it would 
seem that it is the century’s answer to 
the atom bomb. Possibly, the ARDC is 
carrying on an intensive investigation 
of the effects of psychological warfare. 
Hearing the same thing over and over 
again does have its effects, and we 
are duly impressed by the success of 
these always new but identical re­
leases from the ARDC in causing fren­
zied distraction among our ranks. But 
before we throw down our pencils 
and surrender, we offer this last re­
sistance as token of our firm belief that 
words can still be fought with words, 
without recourse to swords, bombs or 
other devices.

Resilient Mounts: a “Crutch”

When approaching the problems of 
vibration and isolation of airborne 
equipment, resilient mounts should be 
used if all other solutions have been 
investigated and appear impractical. 
According to a paper delivered at the 
AIEE Air Transportation Conference, 
isolation should always be regarded 
as a crutch, and all possible means 
should be used to obtain compatibil­
ity of equipment with environment 
without using resilient mounts.

The engineer was advised to pro­
ceed directly to the solution of resili­
ent mounts only when the level of 
shock transmitted by the structure to 
the equipment supports is sufficiently 
greater than the fragility level, re­
moving all doubt that no other means 
is practical. In short, this implies that 
a vibration specialist should be em­
ployed to translate environment level 
into terms comparable to fragility 
level. The engineer would then be 
able to consider the fragility factor in 
realistic terms, and therefore maintain 
better design control.

10

Anaconda announces Analac an improvedL
New Analac* film-insulated, solderable magnet wire can 
be used similarly to Formvar or Plain Enamel—except that 
it is solderable without stripping!

Soldering by dipping, iron or gun produces a perfect 
joint—in just one second in finer sizes—without prior re­
moval of the insulation. Analac reduces labor, saves time 
and money wherever many soldered connections are 
made, or where small diameter wire makes other means 
of insulation removal hazardous to the insulation or wire.

Not only this, Analac has the excellent abrasion re­
sistance and other good mechanical properties of the 
enamel wire you’re now using. It handles readily, per-

CIRCLE 7 ON READER-SERVICE CARD 

forms well in high-speed winding.
Analac is colored a bright red with stable (he ustf 

many years for identical applications—making it high!) 
visible even in finest sizes. This helps operators h <1 m°lf 
secure, results in higher quality work. Distincthr coloi 

simplifies its identification, too, from nonsolderabl wires

Analac is available in an exceptionally large i nge o 
sizes. The Man from Anaconda will be glad to give)™ 
more information and help with a production run n w1 
plant. See “Anaconda” in your phone book—in mo t p’11 
cipal cities—or write: Anaconda Wire & Cable C( 
Magnet Wire Headquarters, Muskegon, Michiga

•Reg. U. S. Fat- 
FOR MORE INFORMATION



Tester also examines core

Retreat of Transistor Heat Barrier

¡olderable magnet wire
Correction

NAME « TITLE

Analac COMPANY

< CIRCLE 7 ON READER-SERVICE CARDADDRESS

magnet wire
CITY, ZONE, STATE

NEW CATALOG ON ANALAC 
Yours for the asking.

Mail coupon 

for your copy.

Disturbed Zero output, then classifies 
the test run into five groups according 
to value. In addition to its high-speed 
full)-automatic operation, it features 
the ability to segregate cores.

ANACONDA WIRE & CABLE COMPANY
Magnet Wire Headquarters, 
Muskegon, Michigan.
Please send me catalog C-95A on 
Analac ready-to-solder magnet wire.

moldeo-plástic CASES — designed and devel­
oped by Anaconda—protect spools of Analac from dam­
age during shipping. Result: no breaks due to bent 
spools.

EXCELLENT ABRASION RESISTANCE of Analac ÎS 
shown in this test. It has the same high windability 
normally associated with Forrpvar, Plain Enamel.

In “Resistor Performance Levels,” 
ED, June 15, 1957, the symbols for 
Composition Resistors and the New 
Pyrolytic General Purpose Resistors 
in the bar graph of Performance Char­
acteristics (Fig. 6) were accidentally 
reversed. This leaves the erroneous 
impression that the performance of 
the new pyrolytic resistors was worst 
in the comparison, whereas—it was in­
deed the best.

strong JOINTS—as strong as the same joints made 
in bare copper wire—are produced. Here in laboratory 
test, joint holds under high stress.

Experimental use of new compound 
semi-conductors in place of germa­
nium or silicon has led to laboratory 
types of transistors and diodes that 
can operate efficiently over a broad 
range of frequencies at temperatures 
as high as 850 deg F.

Describing recent work at RCA 
labs, Princeton, N. J., Dr. Dietrich 
Jenny noted that efforts to combine 
in a single material the best features 
of both germanium and silicon have 
now resulted in new experimental de­
vices employing various compound 
materials, notably gallium arsenide. 
Germanium is most useful for its high 
frequency properties, silicon greater 
efficiency at higher temperatures.

OINT IS COMPLETED WITHOUT 
TRIPPING WIRE with Analac wire dipped in 
50-50 tin-lead solder at 360 C (680°F). The insulation is 
noved at the temperature of molten solder.

Automatic Ferrite Memory Core Tester
An Automatic Ferrite Memory Core 

Tester, with the ability to test, select 
and reject cores according to the cus­
tomer s specifications three times as 
fast as was formerly possible with 
most semi-automatic devices has been 
developed. Currently in operation at 
the RCA Components Division, Cam­
den, N. J., the core tester couples a 
mechanical handling device with an 
electronic pulse program generator 
and electronic measuring and evaluat­
ing circuits. The device hopper-feeds 
0.050 I.D. x 0.080 O.D. x 0.025 thick 
ferrite memory cores through the 
Tester. Each core is tested for its one 
output on a Go-No-Go basis. The

See the Man from

Anaconda
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RCA-2N175-Exceptionally low-noise type for pre­
amplifier or input stages of transistorized audio 
amplifiers operating from extremely small input 
signals. Linotetrar 3-pin base. For flexible-lead 
version, specify RCA-2N220.

RCA-2N269-For low-level, medium speed, on-off, 
control applications as in flip-flop and gating 
circuits of electronic computers.

RCA-2N139- For 455-Kc IF amplifier applications 
in standard-AM broadcast-band receivers. Lino­
tetrar 3-pin base. For flexible-lead version, spec­
ify RCA-2N218.

RCA-2N14O-For converter and mixer-oscillator 
applications in standard-AM broadcast-band re­
ceivers. Linotetrar 3-pin base. For flexible-lead 
version, specify RCA-2N219.

Contact your RCA Field Representative for a 
discussion of the many advantages offered your 
specific designs by RCA Transistors.

RCA-2N270-For large-signal AF amplifier service. 
In class A, one RCA-2N270 can deliver a max.- 
signal power output of approximately 60 milli­
watts; in class R push-pull, a pair can deliver 
up to 500 milliwatts.

RCA-2N109-For large-signal AF amplifier serv­
ice. In class e push-pull, two RCA-2N109's can 
deliver max. signal power output of approxi­
mately 150 milliwatts. Linctetrar 3-pin base. For 
flexible-lead version, specify RCA-2N217.

RCA-2N247—“Drift" Transistor for use as an RF 
amplifier in the AM broadcast-band and up into 
the short-wave bands.

RCA-2N301-Fnr audio-power output stages of equipment 
requiring high output with low distortion at high power 
gain, in class A, me RCA-2N301 can deliver a max.- 
signal power output of approximately 2.7 watts; a pair 
can deliver up fu 12 watts in class 8 push-pull. For oper­
ation at peak collector voltages as high as 60 volts, 
specify RCA-2N301-A.

RCA-2N206—For moderate-power AF amplifier 
service. Meets military specification MIL-T- 
25380/4 USAF. (Max collector dissipation, 75 
mw. at ambient temp, of 25°C.)

'peec 
in tl

For technical data on RCA Transistors, write to 
RCA Commercial Engineering, Sec. G18NN2 
Somerville, N. J.
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Radio Corporation of Amarlo* 
•omervlllo, N. J.

techniques on so wide a front and 
across competitive barriers to be a 
deeply significant change in the indus­
trial research environment.

Referring to the past half century 
as the pioneering period for industrial 
research, the RCA executive said that 
the recent impetus of large-scale mili­
tary sponsorship has brought about 
stability and maturity. Although the 
value of any one research result to the 
organization doing the work continues 
in intrinsic value, this value is diluted 
by the larger sum total of the research 
effort; and it is particularly diluted by 
the large amount of research spon­
sored by the government in the mili­
tary area.

GOVERNMENT. Dayton, Ohio
224 N. Wilkinson Street 
HEmlock 5585

Washington, D. C. 
1625 "K" Street, N. W. 
District 7-1260

ter i 
insk 
strw

Newark 2, N. J. 
744 Broad Street 
HUmboldt 5-3900

Los Angeles, Calif. 
6355 E Washington Blvd. 
RAymond 3-8361

Chicago, III., Suite 1181, 
Merchandise Mart Plaza 
WHitehall 4-2900

World's Largest Radio-Telescope

Now being readied to go into full 
use at Nancay, 93 miles from Paris, is 
the world’s largest radio-telescope. 
The French Academy of Sciences ex­
pects it to reveal many new facts 
about the sun. For example, the sun 
sometimes shoots torrents of electri­
fied particles into the atmosphere, se­
riously disturbing radio communica­
tions in the world. The radio-tele­
scope, over 0.9 of a mile long, already 
has enabled a group of French scien­
tists to discover that these radio­
electric storms emanate not from the 
sun’s surface, but from within the 
solar corona—perhaps 62,000 mi es 
from the surface.

When you design equipment for moss pre 
uniformity of transistor characteristics is v 
end-product. Special-purpose electronics < 
requires transistors with the added feature 
stability. RCA*s advanced manufacturing 
combined with rigid quality controls assure

ment 
preci
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Large-scale military sponsorshi, of 
research during and since World \ ar 
Il has, besides accelerating the pace 
of industrial research, equalized the 
competitive position formerly hi d b) 
companies. According to a recent ad­
dress by Dr. E. W. Engstrom of RCA, 
the rapid growth of research and tP 
increasing number of participants, to­
gether with shortening of the time 
cycle from research to product, is hav­
ing a leveling effect on all of industry. 
Dr. Engstrom found the sharing of

applications. Descri 
outstanding tfonsisti 
—now cc nj erciatty
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Hel Jp*®rs Hy Blind

T combination of an automatic 
navi itor, a sonic altimeter, and a 
rlid path indicator enables helicop­
ter lots to take off, fly to any spot 
insk a 100-mile area, make an in- 
strui nt approach to within 10 ft of 
the
’ooki

ound and then land without 
r outside the helicopter cabin.
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The navigator system, developed 
jrigina’ly by Decca Navigation Co. 
Ltd. I England, but being built for 
llSe ii this country by Bendix-Pacific 
Corp uses transmission of radio sig­
nals from three ground stations to re­
ceiving equipment in the aircraft. The 
airborne unit, which weighs 40 lb, can 
pinpoint the helicopter’s location with 
25-ft accuracy. The triangular arrange­
ment of stations creates a pattern of 
precisely known and stable geograph­
ical positions.

Position information is computed 
and displayed by decometers or by 
plotting boards. Pilots can follow the 
navigation-position lines displayed on 
the board, deviating from one line or 
direction to another as necessary, sim­
ilar to the way one follows a road map 
from one city to another. The sonic 
altimeter weighs 16 lb and measures 
absolute altitude from 0 to 150 ft, 
with an accuracy of less than 6 in.

DAVEN’S NEW MINIATURE WIRE 
WOUND RESISTORS PROVIDE AS
MUCH AS 400K RESISTANCE IN

SPACE

DAVEN’s fully encapsulated, miniature, precision wire 
wound resistors offer the design and development 
engineer the solution to critical space limitation 
problems. DAVEN’s advanced techniques provide the 
needed resistance value in a minimum of space, 
without sacrificing reliability. Where space conser­
vation is a prime factor in your design, specify DAVEN 
miniature wire wounds.
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3-D TV?

A television screen, developed by 
the Naval Research Lab., may lead to 
three-dimensional television. In its 
present state it offers a simplified ap­
proach to color TV. The basis for the 
new screen is a process for depositing 
phosphor on the face of the TV tube 
in the form of thin, transparent films, 
instead of the opaque white powders 
now in use. Films that create different 
colors may be deposited on top of 
each other and may be lighted sepa­
rately or mixed by controlling the 
speed or the direction of the electrons 
in the tube. By using one film of 
each of the three primary colors, the 
complete color spectrum can be ob­
tained by proper mixing. The process 
has been successfully demonstrated in 
a hill range of colors.

how large is small?

CO.

Route 10, Livingston, N. J.• e
Special temperature coefficients can be supplied on request.

Write for our new resistor catalog.

Types and Specifications

Type Dia. Length
Max. 

Ohms
Max. 
Watts

1274 3/16 3/8 100K 0.25
1273 1/4 5/16 400K 0.25
1283 1/4 5/16 400K 0.25
1284 1/4 27/64 .5 Meg. 0.25
1250 1/4 1/2 900K 0.33
1170A 7/16 1/2 1.2 Meg. 0.50
1170 1/2 1/2 1.8 Meg. 0.50

• Fully encapsulated • Meet and exceed ail humidity, 
salt water immersion and cycling tests as specified 
in MIL-R-93A, Amendment 3 • Operate at 125°C 
continuous power without de-rating • Can be obtained 
in tolerances as close as ±0.02% • Standard tem­
perature coefficient is ±20PPM/°C.

CIRCLE 9 ON READER-SERVICE CARD >
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Triplett Electrical 
Instrument Company 
Bluffton, Ohio
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proofs a day...
that a VOM is electronics’ most basic Test Instrument 
Yes, over 1,000,000,000 measurements are made 
every day with Volt-Ohm-Milliammeters 

and tripled modi'! 
630 leads al! voms

630-A 630-T

CAUTION ON HIGH VOLTS

TRIPLETT Model 630 VOM—the proof of 53 
years’ experience in test instruments.

666-R630-NA 625-NA

in design, quality, performance, operating simplicity, 
and value per dollar. The leader at only $44.50 
At leading electronic parts distributors everywhere.

Sperry is Superdean and Ultraprecise

Ultraprecision machining to 25 mil­
lionths of an inch has been achieved 
on a production basis by Sperry Gyro­
scope Co. for “floating” integrating 
gyros used as “stable tables.” Cleanli­
ness is a major problem in manufac­
turing inertial navigation equipment, 
as specks of dust or bacterial organ­
isms might cause errors of miles at the I 
end of 5000-mile flights.

What is tolerable in the way of 
foreign particles and what constitutes 
a cleanliness hazard is not fully 
known. To be on the safe side, Sperry I 
considers the assembly room the key 
to the problem. Sperry assemblers, 
that put floating integrating gyros and 
accelerometers together, work in what 
has been judged the cleanest place on 
earth. This pure environment is 5000 
sq ft in size. Ceilings, walls and floors 
are vinyl covered. The skilled workers | 
are carefully screened for desirable 
skin conditions, and are clad from 
head to toe in special nylon gowns, 
caps and boots (of different colors for 
psychological reasons). The uniforms 
prevent microscopic dust or lint from 
clothing from reaching the ultrasensi­
tive elements put together under 45- 
power microscopes. No paper is al­
lowed in these rooms—“blueprints” 
are plastic sheets.

Sperry’s all-out effort to design and 
analyze inertial components of ex­
treme accuracy has resulted in the 
development of new supersensitive 
test devices. Reaction torques less 
than 0.05 dyne-cm and output torques 
accurate to 1/10 dyne-cm can be 
measured. Heavy seismic blocks for 
testing are completely isolated from 
the building floor.

Fabrication of the high-precision 
gyros on a production basis with 
needed accuracy and ruggedness is 
considered a manufacturing break­
through. In addition to machining and 
cutting gears to 25 millionths of an 
inch, special deburring processes are 
used. Relatively new electropolishing 
techniques and dental polishing tools 
are used. A leak detector can note 
2/10,000 micron per cu ft per hr.



Variable Time Base Universal EPUT® Meters 
For Direct Digital Readout Without Conversion

from Beckman*/ „ , , 
_______________________ / Berkeley



NEW MODELS 7351
(shown on preceding page) and 7361

With their variable preset ‘‘count down” time bases, 
Models 7351 (100 kc) and736l (I mc) Preset Universal 
EPUT* Meters are unique multipurpose instruments. Re­
gardless of transducer conversion factors, results may be 
read in direct digital form by merely selecting the proper 
time base. These instruments will measure time intervals 
of any number of periods from I to 10,000 over the fre­
quency range 0 to 10 kc, totalize a selectable sequence 
of events, divide frequency, function as single preset 
counters, generate pulses of varying frequency.

Applications include precise measurement of velocity, 
pressure, flow, viscosity, low and high frequency, fre­
quency ratio and period, and tachometry.



NEW MODEL 5230 PORTABLE 
UNIVERSAL EPUT* METER
Combines many features of the popular Beckman/ 
Berkeley 7000 series in a new, fight-weight port­
able instrument to perform the functions of a 
counter, timer, time interval meter, EPUT* meter, 
frequency, frequency ratio or period meter. Printed 
circuitry contributes to compact design, increased 
reliability and economical cost.

MODELS 7350 and 7360
UNIVERSAL EPUT* METERS

DESCRIPTION —These truly universal instruments combine high-speed 
electronic counting with a precision time base in multi-purpose circuitry. They 
function as counters, timers, time-interval meters, EPUT* meters, frequency, 
frequency ratio or period meters, or as secondary frequency standards.

All models have provision for standardization against WWV and may be 
coupled to external frequency standards. Connections are provided for driving
Berkeley digital printers, data converters,

FEATURES
1 0.1 \ rms sensitivity
2 Step attenuators; trigger-adjusted 

noise discriminators
3 More stable frequency dividers
4 Elec ironic (not relay) reset
5 External frequency standard input connection
6 AC or DC c oupling of all input circuits;

10 megohm input impedance

or in-line remote readout units.

7 Multivoltage accessory socket to power 
photocells, etc.

8 Binary-c oded output with direc t connection to 
digital printers, data converters, inline readouts, etc.

9 Crystal-controlled time marker output
10 Unitized modular design
11 Larger, brighter readout numbers
12 Modern-oyled all-aluminum cabinets



MODEL
Automatically 
5571 or 7000

1452 DIGITAL PRINTER
and permanently records information from any Berkeley 
Series instrument, prints data in digital form on standard

MODEL 5916 IN-LINE READOUT
Large, illuminated in-line IN-PLANE figures reduce fatigue and error. Ideal for 
remote observation of data. Connects d'rectly to any Berkeley 5571 or 7000 Series 
instrument. Presentation rate up to 15 per second; accepts binary voltages. Price 
(six digit unit), $775.00

adding machine tape from printer and scanner in one compact unit. May 
be modified to print "Time" or "Code" information simultaneously with 
data Rack or bench mounted- available in up to 3 digits. One printout 
every 0.85 seconds. Price (6 digit), $950 00

TRANSDUCERS
A large number of transducers especially designed for use with Berkeley counting, tim­
ing, and frequency measuring equipment are available. These include tachometer pick­
ups, photocells, and light sources. Specifications and technical description on request.

• SPECIFICATIONS & PRICES

NEW SPECIAL
PRODUCTS SECTION 

SPEEDS SERVICE
A new department with complete 
specialized engineering, model 
shop and manufacturing facilities 
is ready to give prompt service on 
special modifications to standard 
Beckman/Berkeley instruments, or 
supply special equipment to your 
specifications.

•Variable from 0.1 millisec to 0 9999 sec tn 0 1 millisec increments and from 1 millisec to 
9.999 sec in 1 millisec increments

BRIEF SPECIFICATIONS Model 5230 Model 7350 Model 7351 Model 7360 Model 7361

RANGES-FREQUENCY 0 cps to 
100 kc

0 cps to 
100 kc

0 cps tc 
100 kc

0 cps to
1 me

0 cps to
1 me

TIME INTERVAL 100 nsec to 
10'sec

10 nsec to 
10« sec

10 Msec 
to 10- sec

1 Msec to 
107 sec

10 Msec to 
10-' sec

PERIOD 0 cps to 
10 kc

0 cps to 
100 kc

0 cps to 
10 kc

0 cps to 
1 me

0 cps to 
10 kc

TIME BASES 0.1 and
1 sec

10 nsec tJ
10 sec

Time Interval* 
Generator

1 Msec to 
10 sec

Time Interval* 
Generator

COOED OUTPUT FOR DRIVING 
nlGITAL RECORDER, ETC. $30.01 extra yes yes yes yes

COUNT CAPACITY 
(READOUT) 4 digit 6 digit 5 digit 7 digit 6 digit

ACCURACY ± 1 count, ± oscillator stability

OSC. STABILITY 1 part in 
10' per day

3 parts in
10'1 per week

1 part in 
10« per day

3 parts in 
10« per week

1 part in 
10« per day

INPUT SENSITIVITY 0.25 v rms 0.1 volt rms**

INPUT IMPEDANCE 1 megohm, 
direct

10 megohm, de or ac coupled

TRIGGER SLOPES Positive or negative

CABINET 
DIMENSIONS

12" H x 8' W 
x 14" 0

101/4" H x 203/4" W x 16V2' D 
(Rack Panel - 83/4" x 19")

APPROX. SHIPPING WT LBS. 30 60 50 60 50

PRICE: (F.O.B. FACTORY) $575.00 $945.00 $1295.00 $1245.00 $1445.00

"Modification for 5 millivolt sens, (a 5 cps available, $50 00 extra

134
Complete technical specifications on Beckman/Berkeley 
Universal EPUT* meters and accessories are available 
promptly on request. Please address Dept. D-7.

Beckman9

* Registered Trade Mark

Berkeley Division
2200 Wright Avenue, Richmond 3, California

a division oj Beckman Instruments, Inc.
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DALLAS 9, TEXAS 
John A. Green Co 
6815 Oriole Drive 
Phone: Fleetwood 2-9918

CLEVELAND 28. OHIO 
J. R. Dannemiller Assoc 
3955 Lee Road
Phone: Longacre 1-4567

BOSTON, MASSACHUSETTS 
Broger Instrument Sales Co. 
48 Pearl St , Brookline, Mass. 
Phone Beacon 2-4804

ATLANTA 9, GEORGIA
Murphy & Cota 
2110 Peachtree St., N W. 
Phone. Trinity 6-3^20

CHARLOTTE, NORTH CAROLINA
Murphy & Cota 
2036 Norton Rd
Phone Edison 2-7356

CHICAGO 39, ILLINOIS 
Ridgeway Engineering Assoc. 
6100 W North Ave.
Phone- Tuxedo 9 5715

BINGHAMTON, N Y.
Edward A Ossmann & Associates 
147 Front St., Vestal, N. Y.
Phone Endicott 5-0296

ALBUQUERQUE, NEW MEXICO
V. T. Rupp Co.
^009 Bellamah, N E 
Phone: Albuquerque 9-4621

ALBANY, NEW YORK
Edward A. Ossmann & Associates 
16 Caveson Lane
Phone; Union 9-7081

Berkeley s world-wide staff of factory trained engineering 
representatives work closely with our sales office and the 
customer. They help the customer set up newly-purchased 
equipment, acquaint personnel with its operation and appli­
cation, and make sure that it stays in operating order. The

representative’s job is not completed until he has "followed- 
up” to insure that the customer receives maximum use from 
his instruments. These men will be glad to give you per­
sonal assistance at any time. A list of Berkeley represen­
tatives follows.

DAYTON 2, OHIO
J. R. Dannemiller Assoc 
384 W. First St.
Phone: Hemlock 0662

DENVER, COLORADO
F. Y. Gates Co.
4910 South Huron 
Englewood, Color >do 
Phone Sunset 1-8566

DETROIT. MICHIGAN 
J. R. Dannemiller Assoc. 
1204 North Woodward 
Royal Oak. Michigan 
Phone Lincoln H 4440

HONOLULU 17, HAWAII
Gene Piety 
2030 Home Rule St.
Phone: 8-3105

HOUSTON 6, TEXAS 
John A Green Co 
P.O. Box 6445 
(Fairview Station) 
Phone; Jackson 6-2959

INDIANAPOLIS 2, INDIANA
Ridgeway Engineering Assoc. 
1606 N Illinois St.
Phone: Walnut 5-6464

KANSAS CITY 14, MO 
Leemark Associates 
706 E. 73rd St.
Phone: Jackson 3-9299

LOS ANGELES, CALIFORNIA
V T. Rupp Co.
30.5 Parkman Ave. 
Phone Dunkirk 7 8224

ALBERTA & BRITISH COLUMBIA 
Hawthorne Electronics 
107 Administration Bldg.
Boeing Field, Seattle 
Phone Mohawk 3962

MIAMI 43, FLORIDA
Murphy & Cota 
11375 S.W 46th St 
Phone Mohawk 5-1563

MINNEAPOLIS 3, MINNESOTA
Pinkney & Hine 
1925 Nicollel Ave.
Phone- Federal 8-0523

NEW HAVEN 10, CONNECTICUT 
Broger Instrument Sales Co , Inc. 
42 Church Street 
Phone: Spruce 7-6279

PHILADELPHIA, PENNSYLVANIA 
Gawler-Knoop Co.
835 Glenside Ave., Wyncote, Pc 
Phone Waverly 7-1820

PORTLAND 14, OREGON 
Hawthorne Electronics 
700 S E Hawthorne Blvd 
Phone: Belmont 4 9375

ROCHESTER 10, NEW YORK
Edward A Ossmann & Assoc. 
830 Linden Ave.
Phone: Hillside 5-0460

NEW YORK. NEW YORK
Gawler-Knoop Co
178 Eagle Rock Ave., Roseland, N. J 
Phone: New Jersey, Caldwell 6-4545

ST. LOUIS 17. MISSOURI 
Leemark Associates 
1500 Big Bend Blvd 
Phone Mission 7-1470

MONTREAL, QUEBEC
R O R Associates 
6201 Cote St Lue Road 
Phone: Dexter 0845

SALT LAKE CITY 1, UTAH
Gates Company 
200 South Main St , 
Phone Elgin 9-1101

SAN DIEGO 4. CALIFORNIA
V T. Rupp Company 
3948 Utah St.
Phone: Cypress 6-04.83

SAN FRANCISCO, CALIFORNIA 
Berkeley Division, Beckman Inst 
2200 Wright Ave., Richmond 
Phone: Landscooe 6-7730

SEATTLE, WASHINGTON 
Hawthorne Electronics 
107 Administration Bldg 
Boeing Field
Phone: Mohawk 3962

SYRACUSE, NEW YORK
Edward A. Ossmann & Associates 
308 Merritt Ave.
Phone Howard 9-3825

TULSA 1, OKLAHOMA
John A. Green Co
P.O Box 911

WASHINGTON, D C.
Gawler-Knoop Co. 
8726 Colesville Road, 
Silver Spring, Md 
Phone: Juniper 5-755.''

WINSTON-SALEM, NO. CAROLINA 
Murphy & Cota
1102 Burke St. 
Phone: 4 0750

MM**— 
; 3 1 i

TORONTO, ONTARIO
R-O-R Associates
1470 Don Mills Rd.. Don Mills, Ontario 
Phone: Hickory 4-4429
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C|*CLE 11 ON READER-SERVICE CARD

Lowell has a complete line 
of electronic housings and

models. Write for complete 
catalog and specifications.

Rock N’ Fly: This all-purpose utility plane, that rocks 
on take-off and landing, combines the aero-dynamic 
principles or ring wings, ducted propulsion and elevons. 
It rests on the ground horizontally and is rocked back 
into vertical take-off position with partial power. The 
olane lands the same way, backing down to the ground, 
then forward to rest. Designed by M. A. Novosel, the 
plane is one of the eighteen designs selected for awards 
in Mars Drafting Pencils Design Series. Another contest 
s planned for next season.

Immediate Delivery 
Low Price 
Custom-design Flexibility 
Control* May Bo Conveniently 
Located 
Equipment I* Woll Protected 
Single, Double and Triple Ped­
estal Units With Turrets 
Hendsomo Styling 
Sturdy Construction
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For Industry . .. Schools ... Air­

ports . . . For Broadcasting . . . 

Recording ... Testing Apparatus

Versatility 
Low Price 
Durability 
Transmitter Recks for 19*, 24*, 
and 30* Panels—-1 8’A* and 24* 
Deep
Cabinet Relay Racks tn Standard, 
Round Corner and Deluxe 
Medels
Deluxe Desk Ceblnet Racks in 
Hinged Doer or Solid Back type 
Channel end Table Type Relay 
Racks

^MANUFACTURING COMPANY
3030 Laded« Station Road, St. Louis 17, Missouri 

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Avo., 
Toronto 10, Ontario

CIRCLE 5 ON READER-SERVICE CARD FOR MORE INFORMATION

eramic-vs-Glass Tubes

Electron tubes made of ceramics will prove of 
eat value in atomic-powered and other high 
leed aircraft according to Electronic Products, 
c. In a paper delivered before the Boston Chap- 

I r of an IRE Group on Electron Devices, it was 
I ated that ceramic materials can endure intense 
| iclear bombardment far better than the glass 

! mponents of conventional tubes, making it pos­
lie to remove considerable shielding weight from 

| ie electronic systems of nuclear-powered planes.
The construction of a stacked tube which uses 
ramie parts extensively even for the envelope 

described. The tube parts are stacked one 
pon the other in a radical departure from ordi- 
>n assembly methods. While possessing electri- 
¡1 characteristics comparable to conventional 

the ceramic stacked tubes are smaller than 
• nterparts. The unusually stable life perform- 

of stacked tubes under conditions of shock, 
•ration, and high ambient temperatures was 
• nted out. This performance was attributed to 
■ resiliency of the ceramic material, the stacked 
j 'tn ction, and the high-temperature outgassing 

y t can be employed in the manufacturing proc­
I of the tubes.



Washington Report

Herbert H. Rosen

Is Automation Passe?

CIRCLE 13 ON READER-SERVICE CARD FOR MORE INFORMATION

Simplest, most economical fixed composi­
tion types yet produced. Color-coded 
values from 0.10 to 10.0 wd. Bulletin GA.

One of the largest most dependable lines 
including single, concentric shaft duals, 
midgets and types for transistorized 
equipment. Stackpole Bulletin RC-10B.

V2 to 3 amp. UL approved types for max­
imum switching versatility and conven­
ience in appliances, TV and radio sets, 
instruments, toys. etc. Bulletin RC-10D.

RC-10B
Switches

RC-1OC

Types to provide practically any desired 
switching arrangement for Stackpole Var­
iable Resistors. Ask for Bulletin RC-10B.

Insert, cup, sleeve, threaded, choke coil, 
sidemolded and plain core types. Also 
Stackpole preferred type “EE” Cores for 
maximum economy. Bulletin RC-10C.

VARIABLE COMPOSITION 
RESISTORS (Controls)

Molded of high-resistance powdered iron 
with firmly-anchored, easy-to-solder wire 
leads. Bulletin RC-10C.

New! CERAMIC 
PERMANENT MAGNETS

Characteristics of Stackpole Ceramag 
Cores are maintained with remarkable 
uniformity regardless of size or shape. 
Standard deflection yoke, “U,” cup and 
threaded screw types. Complete facilities 
for special types. Ask for Bulletin RC-9A.

Bulletin
Variable Resistors and Line

Bulletin

A MAJOR COMPONENT SOURCE...for MAJO

CERAMAG® FERRO­
MAGNETIC CORES

The permanent magnets that are really 
permanent! Made from non-critical, low­
cost ceramic powders. Write for new 
Stackpole Ceramagnet® Bulletin RC-10A.

V2-, 1- and 2-watt composition types in 
all standard RETMA ranges. Low noise 
level... unsurpassed humidity protection 
... easily-soldered, firmly-anchored leads.
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A meeting in Washington of the IRE Professional 
Group on Production Techniques seemed to prove 
one thing: There’s reasonably httle that’s new in

Wilson Directives to Curtail Defense Spending

Now that we are into the Government’s new fiscal 
year, some of the pressure on cost-saving in de­
fense projects may be somewhat relieved. However, 
the effects of three recent Wilson directives on 
spending are expected to have far-reaching effects 
on the future of electronics. One directive concerns 
overtime work. It is merely a reaffirmation of exist­
ing ASPR regulations governing the authorization 
of overtime on defense contracts. The final decision 
on whether a project is of sufficient importance to 
warrant overtime engineering and labor will rest 
chiefly with the Government’s project engineer. He 
has been given instructions that will help guide1 him 
to his decision.

Another order was designed to lop off some $500 
million from the Fiscal ’57 spending budget just 
passed. But the order seems to have come a little 
too late to be wholly effective, as was hoped. The 
inertia of Government projects just does not allow 
a cut of this magnitude in so short a time.

The third order restricts the services from letting 
a contract for a project or program until all of the 
money required for their completion is in the 
“bank.” This means the services cannot order 100 
widgets, pay for 20, and hold up delivery on the 
remaining 80 for some later date when and if the 
money is made available.

In terms of the future, these directives mean that 
the defense effort, especially in electronics, is 
stretched out for an undetermined length of time. 
Sec y of the Air Force Douglas estimates that the 
directives mean an ultimate cut of over $3.5 billion 
from the AF’s purchasing ability. Some programs 
that have been marginal for lack of conclusive data 
may now very well be discontinued until more 
money becomes available—if it ever will.

But of particular importance, the element of time 
is severely sacrificed. No one has been able to 
figure out just how bad a sacrifice this will even­
tually be. Another factor obviously overlooked is 
that much of the huge spending in ’57 and ’58— 
estimated at about $42 billion—is the result of two 
or three year old programs coming into fruition. 
In all, some severe economies will have to be insti­
tuted by the electronic industries. From here on 
the cry will be for the same or better gear as before 
at a lower price. It will be up to the design engi­
neer to give his company that equipment.

Powdered Iron Cores and Coil Forms

Bulletin RC-9A
Ceramag1'' Ferromagnetic Cores

Bulletin RC-10D
Slide Switches

Bulletin RC-1OA
Ceramagnet® Permanent Magnets

Bulletin GA
Low-Value Capacitors



industries, the

tic purposes be multiples of 0.025 inch The

Anticollision Study

IORQUIPMENT PRODUCERS

the field of automatic production. Further, that 
while the electronic industries are and will be to a 
greater extent responsible for automation in other

RONIC DESIGN • July 15, 1957

is a long way off for itself.

standard also represents an early attempt to bring 
about an era of mechanical standardization. It also 
means that if an end assembler hopes to mechanize 
any of his production capability, his design engi­
neers may have to design the end equipment 
around these suggested standards.

Another document disclosed at this meeting con­
cerns itself with design requirements for printed 
wiring used in electronic equipment produced for 
the Signal Corps. It lays down suggested ground 
rules for circuit design, packaging, printed wiring 
boards, component mounting, modular dimensions.

Dependable Components Since the “Knee Pants" Days of Radio
Electronic Components Division

STACKPOLE CARBON COMPANY, St. Marys, Pa.
Plants in St. Marys, Pa. (2); Kane, Pa. (3); Johnsonburg, Pa. and Toronto, Ontario, Canada

True, mechanization may become more highly re­
fined. But the day of automatic feedback loops and 
computer directed mechanization that will control 
the assembly of a piece of electronic gear is far off.

The meeting did demonstrate one important con­
cept to the design engineer. The concept of stand­
ardization. From here on in there will be greater 
and greater emphasis on cost coupled with reliabil­
ity. And it seems that the only way to achieve these 
two factors simultaneously is by standardization.

One step in this direction is RETMA standard 
RS-188. This lays down the recommendation that 
“dimensions which must be controlled for automa-

Bendix Aviation has been awarded a small Air 
Force contract to help defray their costs for devel­
oping a device to give proximity warning and avoid 
collision of airplanes. The company has been work­
ing on the problem for about 2 years and have 
reached the point of proving their mathematical 
hypotheses. The Air Force has asked Bendix to 
study the problem, first, from the standpoint of 
defining the proximity and collision problems. Once 
this has been done, possible technical approaches 
to the solution of the defined problems are to be 
suggested. Finally, Bendix is to build a research 
model of the instrument that is supposed to do the 
job. Deadline for the project is March 1958.

Behind all of this activity is a minimum market 
worth $10 million. This is the value set by the air­
lines industry on what they—as a combined group— 
would pay to equip their airliners.

And still in the realm of air safety and navigation, 
the Department of Defense has finally declassified 
four types of Doppler radar. Generally, these units 
are self-contained navigation aids and fit in ideally 
with the space and power limitations of a commer­
cial airliner. By type numbers, the equipments 
released are AN/APN’s 66, 78, 105, 79, and 67. A 
commercial version of the APN-66, called the 
RAD AM, is supposed to be turned over to ATA by 
General Precision Laboratories via the Air Force.



Printed Circuit Board Problems

give maximum energy. . . minimum size

Special applications, such as radar load isolators, demand compact but powerful 
magnet assemblies. And this is but one of the many places where the consistently higher 
energy product provided in Crucible Alnico magnets pays off.
These Crucible Alnico permanent magnets can be sand cast, shell molded, or 
investment cast to exact size, shape or tolerance requirements... and in any size 
from a mere fraction of an ounce to hundreds of pounds.
The design and production of permanent magnets has been a Crucible specialty ever 
since Alnico alloys were discovered. It’s one of the good reasons why so many 
people bring their magnet applications to Crucible. Why don’t you? Crucible Steel 
Company of America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa.

CRUCIBLE first name in special purpose steels

Gentlemen:
I found your editorial appearing in the January 

15th issue of Electronic Design to be very timely! 
As of this date, we are experiencing considerably 
difficulty with one of our suppliers who builds J 
piece of airborne electronic equipment for us, dul 
to printed circuit board problems. Certainly, youl 
indication that evidence is accumulating showind 
that plated through holes on printed circuit board« 
are oft times troublesome is disturbing to us, since! 

we plan a change to “plate-through” holes as a solu 

tion to some of our problems. Specific information! 
that you may have concerning types and frequency! 
of failures would be of immediate interest.

Noting that an association of manufacturers I 
now being set up to establish standards for printed 
circuits, I would appreciate being advised as to 
the membership of this group with the thought J 
mind of contributing our experience as well as 
requirements to assist in their undertaking.

W. E. Shannon 
Electrical Design GrouJ 

Allison Division 
General Motors Corp.

The technical problem seems to be with solderina 
plated-through holes. See article on p 40, April j 
Electronic Design for an hourglass hole configura] 
tion which may be a solution. We have receive! 
many such letters from people expressing conced 
about the problem.

Our latest word is that the manufacturers associa! 

tion is not yet officially formed. According j 
RETMA, Committee 40C on Printed Circuits id 
recently been reorganized into subcommittees tl 
more efficiently consider printed circuit probk1 j 
Subcommittees are: 40C2, Industrial Standaid 

Survey; 40C3, Conductivity and Temperature Ris 

40C6, Arc and Flame Resistance; 40C7, Insulation 
Resistance; 40C8, Adhesion and Solderability; 40Cd 
Definition and Register; 40C10, Contamination^ 

40C13, Mechanical Consideration; and 40CW 
Hardware.
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*The conversion of light input to highly 

magnified electrical output in a dependable, 
precise relationship.

Depend on Du Mont Multiplier Phototubes for 
precise quantitative and qualitative 
measurements. Available in a wide selection 
of sizes and electrical characteristics for 
every photoelectronic need.
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2 ! T2 3 ! T3

It may be of interest to recall here that an SB2S3 
Vidicon of very high sensitivity was rather exten­
sively described back in September, 1951 in this 
country in the RCA REVIEW article “Properties of 
Some Photoconductors, Principally Antimony Tri­
sulfide” by S. V. Forgue, R. R. Goodrich and A. D. 
Cope.

One of our modifications of SB2S3 having good 
speed of response has been commercially available 
for several years in the RCA 6198 Vidicon.

Stanley V. Forgue 
RCA Laboratories 
Princeton, N.J.

► It’s comforting to know the U.S.S.R. is five years 
behind, in this instance at least.

Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic. N. J.
CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION

Transformer Design Nomograph-III” appearing on 
page 36 of the June 1st issue. Minitran Corp, manu­
r'd res miniaturized transformers. We regret that 

1 y-line was omitted.

Dear Sir:
Ilie Russian translation starting on page 180 of 

your March 1st issue describes “A new photocon- 
duclive pickup tube of the Vidicon type. . .recently

Correction Please!

Martin Berger of Minitran Corp., 5 
Newark, N.J., was the unidentified

Correction

In the article, Cooling Packaged Electronic 
Equipment." Part I, May 15, equation (2) should 
read:



Transistor sockets
Meetings

Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania

LIGHTING RADIO TELEVISION ATOMIC ENERGY

CIRCLE 17 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCI

—standard wrap-around 
beryllium copper contacts

—snap-in printed circuit 
beryllium copper contacts

FOR "IN LINE "TRANSISTORS

O built-in polarity indexing 
Q wrap-around beryllium 

copper contacts

O ground strap provision 
Q mounts with standard 

retaining ring

ELECTRONIC DESIGN • July 15

of Te< 
burgh

Sept. 4-6: Special Technical Conference on Mag­
netic Amplifiers
Penn Sheraton Hotel, Pittsburgh, Pa. Sponsored by 

the AIEE and the IRE. The program’s four sessions 
will deal with New Circuits and Techniques, Analy­
sis and Design, and Applications. For more info na­
tion, write to D. Feldman, Bell Telephone LaE^.

Sylvania offers a new approach to the transistor 
socket designed for the proposed RETMA 
' Class 30” transistor package conforming with 
the 100-mil military grid.

Sylvania sockets, including those for “in line” 
transistors, are molded in general purpose 
phenolic. Beryllium copper contacts are silver 
plated or silver plated and gold flashed.

These socket developments are typical of 
Sylvania’s close co-operation with the industry 
in supplying its up-to-the-minute requirements.

If you have a special socketing problem, a 
Sylvania representative will welcome an 
opportunity to discuss it with you.

Sylvania’s Parts Division also offers complete 
facilities for tube bases, custom molded plastics, 
metal stampings, alloy, clad and plated fine wire, 
wire leads, and custom wire welds. Write for 
complete details. Address Dept. E22S.

Aug. 29-30: Fourth Annual Symposium on Com­
puters and Data Processing

Albany Hotel, Denver, Colo. Sponsored by the 
Denver Research Institute. Technical papers on 
components, devices, systems organization, analysis 
techniques, and design techniques will be pre­
sented. For further information write to J. Marshall 
Cavenah, Electronics Div., Denver Research Insti­
tute, University of Denver 10, Colo.
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Aug. 20-21: Third Biennial Electron Beam 
Symposium

General Electric Co. X-Ray Dept., Milwaukee, Wis. 
There will be reports on radiation equipment, ap­
plications of radiations, and economic evaluation of 
processes and methods. Chemical, plastic and 
petroleum applications are to be stressed. A con­
ducted tour of GE facilities for fabricating electron 
beam generators and linear accelerators will be 
offered. More information may be obtained from 
J. J. Ludwig, General Electric Co., X-Ray Dept., 
4855 Electric Ave., Milwaukee 1, Wis.

Aug. 7-9: Sixth Annual Conference on Industrial 
Applications of X-Ray Analysis

Albany Hotel, Denver, Colo. Sponsored by the 
Denver Research Institute Metallurgy Div. Twenty- 
three papers will be presented. For further details 
write to the Metallurgy Div., Denver Research In­
stitute, Univ, of Denver, Denver 10, Colo.

Aug. 20-23: Wescon (Western Electronic Show and 
Convention)

Cow Palace, San Francisco, Calif. Sponsored by the 
San Francisco and Los Angeles Sections represent­
ing the Seventh Region IRE and West Coast Elec­
tronic Manufacturers Association. For more infor­
mation write to Don Larson, Business Manager, 342 
N. LaBrea Ave., Los Angeles 36, Calif.
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OTHER ELECTRONIC CHEMICALS

SEMI-CONDUCTOR CHEMICALS

Acetic Acid, 
Glacial

Acetone
Ammonium Hydroxide 
Carbon Tetrachloride 
Chloroform 
Ether, Anhydrous 
Hydrochloric Acid 
Hydrofluoric Acid

Hydrogen Peroxide 
30% Solution

Methanol
Nitric Acid 
iso-Propyl Alcohol 
Sodium Carbonate 
Sodium Hydroxide 
Sulfuric Acid 
Xylene

COHS'
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FOR SEMICONDUCTORS

J. T. Baker Chemical Co. 
«UGEHT • HH • INDUSTRIAL

Phillipsburg, New Jersey

These new control tests for copper and nickel have 
a double significance for the manufacturers of 
electronic components. They prove that:

1. Baker reagent purity regularly offers the quality­
plus needed for semi-conductor manufacture.

2. As the electronics industry is able to define its 
needs more precisely, Baker will continue to pro­
vide material meeting the required specifications.

Listed at the left are some of the other Baker high 
purity chemicals of particular importance to elec­
tronic manufacturers.

$epi 8-13: Second Annual Course on Investment 
Cas gs

\1I1 Cambridge, Mass. Sponsored by the Invest- 
men Casting Institute. Lectures, laboratory 
exert es and demonstrations will be offered on 
inves nent materials; melting; gating, risering, 
solid, cation and heat transfer; metal and alloy 
systems; defects in castings; and consideration of 
new .ivestment and allied processes. For further 
information, write Harry P. Dolan, Investment 
Casting Institute, 27 E. Monroe St., Chicago 3, Ill.

Sept. 9-13: Twelfth Annual Instrument-Automation 
Conference and Exhibit

Cleveland Auditorium, Cleveland, Ohio. Sponsored 
by the ISA. Organized under the unifying theme, 
“Instrumentation for Systems Control,” the confer­
ence will open with formal sessions devoted to data 
handling and instrument terminology. Following 
these there will be individual workshop sessions in 
limited discussion groups covering such topics as 
aircraft and missiles (excluding propulsion), wind 
tunnels, flight propulsion systems, process indus­
tries, power generation and distribution, meteoro­
logical, nuclear, medical, geophysical exploration 
and general industrial laboratories. Some 100 papers 
will be presented at the technical sessions. There 
will be about 500 exhibits. For details of the tech­
nical program write to Herbert S. Kindler, Director 
of Technical Programs, ISA, 313 Sixth Ave., Pitts­
burgh, Pa.

Sept. 17-18: RETMA Symposium on Numerical Con­
trol Systems for Machine Tools

Ambassador Hotel, Los Angeles, Calif. For details 
write to RETMA, Room 650, 11 W. 42nd St., New 
York 36, N.Y.

Sept. 24-25: Sixth PGIE Symposium on Industrial 
Electronics

Morrison Hotel, Chicago, Ill. Sponsored by the IRE 
Professional Group on Industrial Electronics and 
AIEE. The main theme for the conference will be 
the characteristics, use and integration of trans­
ducers into complete systems to measure and con­
trol complete processes. For further details, write 
to J. N. Banky, 628 West 18th Street, Chicago, Ill.

Oct. 16-18: 1957 IRE Canadian Convention
-nd Exposition

Automotive Building, Exhibition Park, Toronto, 
f añada. Sponsored by the Canadian Sections of the 
IRE. For information write to Grant Smedmor, IRE 
Canadian Convention, 745 Mt. Pleasant Rd., To­
ronto ”, Canada.
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Acetic Acid 
Aluminum Nitrate 
Aluminum Sulfate 
Ammonium Carbonate 
Ammonium Chloride 
Ammonium Phosphate 
Antimony Trioxide 
Barium Acetate 
Barium Carbonate 
Barium Fluoride 
Barium Nitrate 
Benzene 
Boric Acid 
Cadmium Chloride 
Cadmium Nitrate 
Cadmium Sulfate 
Calcium Carbonate 
Calcium Chloride 
Calcium Fluoride 
Calcium Nitrate 
Calcium Phosphate 
Ether, Petroleum 
Hydrochloric Acid 
Lithium Chloride

Lithium Carbonate 
Lithium Nitrate 
Lithium Sulfate 
Magnesium Carbonate 
Magnesium Chloride 
Magnesium Oxide 
Manganous Carbonate 
Methanol 
Nickelous Chloride 
Nickelous Nitrate 
Nickelous Sulfate 
Nitrate & Oxide 
Nitric Acid 
Potass. Dichromate 
Potass. Hydroxide 
Radio Mixtures 
Silicic Acid 
Sodium Chloride 
Sod. Phos. Dibasic 
Strontium Nitrate 
Sulfuric Acid 
Toluene
Triple Carbonate 
Zinc Chloride
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Oct. 31-Nov. 1: Third Annual Technical Conference 
of the Professional Group on Electron Devices, 'RE. 

Shoreham Hotel, Washington, D.C. Those interested 
in submitting papers should check the paper dead­
lines at the end of this section. For more informa­
tion, write W. M. Webster, RCA Semiconductor 
Div., Somerville, N.J.

Nov. 6-8: Tenth Annual Conference on Electronic 
Techniques in Medicine and Biology

Boston, Mass. Sponsored by ISA and AIEE. Further 
details and advance programs may be obtained 
from H. S. Kindler, Director of Technical Pro­
grams, Instrument Society of America, 313 Sixth 
Ave., Pittsburgh 22, Pa.

Nov. 6-8: Third Aero-Com Symposium

Hotel Utica. Utica, N.Y. Sponsored by the IRE 
Professional Group on Communications Systems. 
The conference will deal with systems, equipment 
design, techniques, antennas, spectrum conserva­
tion, air traffic control, management and other 
topics. For the presentation of confidential mate­
rial, there will be a classified session on Nov. 8. For 
more information, write to R. C. Benoit, 138 River­
view Pkwy., Rome, N.Y.

Nov. 11-13: Third Annual Instrumentation 
Conference

Biltmore Hotel, Atlanta, Ga. The theme of this con­
ference will be “Instrumentation for Data Handling” 
with special symposiums on electronic instrumenta­
tion as applied to medicine and the sales and pur­
chasing aspects of electronic instrumentation. Pa­
pers should be submitted to Lamar Whittle, Fed­
eral Telecommunications Lab., 1389 Peachtree St., 
N.E., Atlanta, Ga. For more information write B. J. 
Dasher, School of Electrical Engineering, Georgia 
Institute of Technology, Atlanta, Ga.

Nov. 13-14: Mid-America Electronics Convention

Municipal Auditorium and Hotel Muehlebach. Kan­
sas City, Mo. Sponsored by the Kansas City Section 
of the IRE. There will be exhibits and twelve tech­
nical sessions. Approximately thirty papers will 
deal with medical electronics, airborne electronics, 
instrumentation, engineering management, elec­
tronics in nucleonics and a diversity of other sub­
jects. Persons who want to submit papers should 
contact the Technical Papers Chairman, MAECON, 
5109 Cherry St., Kansas City 10, Mo. The deadline 
for submissions is Aug. 15. For more infon nation 
write Richard L. Clarke, 425 Volker Blvd., Kansas 
City 10, Mo.
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Now . .. design engineers are achieving more efficient, more 
flexible speed indications and control without external gener­
ator attachments. The new Weston bearingless tachometer 
generator is so compact and light in weight it can be built 
right into equipment, or mounted on rear motor shafts. The 
cost is far less than for the conventional tachometer installa­
tion; and due to design simplicity, maintenance-free service 
is assured. Can be used with individual indicators, or with 
duplicate or remote indicators, calibrated in any function of 
the R.P.M. ... as well as with Weston potentiometer record­
ers. For speed alarm or control, Weston sensitive relays are 
available. Speed ranges from low as 500 up to 100,000 
R.P.M. full scale. Engineering assistance is available to orig­
inal equipment manufacturers on all tachometer problems. 
Literature on request... Weston Electrical Instrument Corp., 
617 Frelinghuysen Avenue, Newark 12, N. J.
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Dec. 9-12: Seventh Eastern Joint Computer Con­
ference and Exhibit

Sheraton-Park Hotel, Washington, D.C. Sponsored 
bv the IRE, Association for Computing Machinery 
and AIEE. “Computers with Deadlines to Meet” 
will be the central theme. Papers will be presented 
on record keeping, materials handling, traffic, dead­
line data reduction, communication, flight simula­
tion, and other computer deadline areas. For more 
details, write to Malcolm B. Catlin, Council for 
Economic and Industry Research, Inc., Arlington 2,

Compact—light weight- 
"can bo built-in"
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Jan. 6-8: Fourth National Symposium on Reliability 
and Quality Control

Hotel Statler, Washington, D.C. Sponsored by the 
IRE, ASQC and AIEE. Covering fields of reliabil­
ity in the electronic industries, the symposium will 
encompass the following topics: reliability organi­
zation and management; theory and mathematical 
techniques; application of these techniques; design 
information; and education and training for reliabil­
ity. For detailed information, contact Richard M. 
Jacobs, RCA Bldg. 108-2, Moorestown, N.J.

Paper Deadlines

Nov. 1: Deadline for papers to be presented at the 
1958 IRE National Convention. The convention 
will be held March 24-27 at the Waldorf-Astoria 
and the New York Coliseum, New York, N.Y. Pros­
pective authors should submit a 100-word abstract 
and a 500-word summary. Both must be in triplicate 
with the title of the paper and the name and ad­
dress of the author. The technical field in which 
die paper falls must also be indicated. Only papers 
not published or presented prior to the convention 
will be considered. Military or company clearance 

pnust be obtained before submittal. Address all 
material to Dr. George L. Haller, Chairman, 1958 

| Technical Program Committee, IRE, 1 E. 79th St., 
New York 21, N.Y.

I^o 13-15: Eighth National Conference 
on landards

§t. : rancis Hotel, San Francisco, Calif. Sponsored 
by i ie American Standards Association. Emphasis 
will >e on standards as a key to progress and profits. 
Sess ms will cover radiation exposure, electronics, 
indu trial preparedness, motion pictures and tele­
vision, purchasing, company standards, technical 
com )unications, government standards and safety. 
For i tore information, write to D. E. Denton, ASA, 
70 E. 45th St., New York 17, N.Y.
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What is the Status of Transistors?
Bernard Reich

U. S. Army Signal Corps Eng. Labs.
Ft. Monmouth, N. J.

THIS report covers the current status of tran­
sistor development. Specific areas of transistor 

development are discussed; power, high frequency, 
and switching.

Over the last three years, the state of the tran­
sistor art has progressed quite rapidly. During this 
period new advances were made to allow opera­
tion at higher temperatures in germanium devices, 
and to remove existing frequency barriers; how­
ever, the designer interested in developing equip­
ment utilizing transistors has the primary prob­
lem of securing devices which are available and 
reliable. Because of the nature of the industry, the 
availability and reliability of devices has not been 
defined. [The Transistor Data Chart section lists 
the types reported by manufacturers as being avail­
able.] This lack of definition regarding the current 
status of transistor development requires amplifica­
tion. It is the purpose of this paper to clarify, as 
much as possible, the status of transistor develop­
ments and the extent of availability. The statements 
set forth are based on the experience of the writer 
in his contacts with the transistor industry.

Power Transistors

Two to three years ago the upper limit for ger­
manium power transistors was 10 to 15 w. These 
ratings were attainable under the most optimum 
conditions and very limited numbers were available. 
Maximum operating junction temperatures of 80 C 
were quoted; however, the reliability of most de­
vices at this temperature was not defined, or may 
not have been known. By the spring last year most 
power transistors were rated at 85 C operating 
junction temperature. Many manufacturers sold 
units meeting this specification; but often poor her­
metic seals caused device failure during operation. 
Although the effects of moisture on junctions was 
well known at the time, apparently no short-term 
test was available to remove leaky devices. Ex­
periments performed at these Laboratories indi­

24

cated a definite correlation between operating fail­
ures and non-moisture resistant transistors.

During the last year, the power transistor de­
mand has increased many-fold by the inclusion of 
the devices in the audio output stages of automo­
bile receivers. With this requirement on the tran­
sistor industry has come the fabrication of devices 
capable of operating at junction temperatures to 
100 C. In some instances, devices manufactured to 
these specifications are guaranteed a minimum of 
1000 hours of reliable operation. The transistors 
utilized in radio applications have collector-to-base 
or collector-to-emitter voltage ratings of the order 
of 40 v, and thermal resistances of 1 to 4 deg C per 
watt. There are approximately eight suppliers of 
this type of device, and most of the suppliers use 
the same type of package indicating semi-standard­
ization in power transistors.

In limited instances, the above devices are suit­
able for military applications; however, provisions 
must be made for higher voltage operation. Units 
have been manufactured with the required voltage 
ratings by approximately six suppliers. Of the 
higher voltage units, one is presently covered by a 
Signal Corps specification.

Other units are available with thermal resist­
ances of 1 deg C per watt or less; however, the 
number of manufacturers is limited to two or three.

The impetus of the automobile radio business, 
and the requirements for power transistors in power 
supplies have caused the number of power tran­
sistor suppliers to increase. Because of the competi­
tion involved, the yields in manufacture have in­
creased, making available power transistors for 
other uses.

The discussion on power transistors thus far has 
been limited to germanium devices. Some appli­
cations require silicon because of the temperature 
limitations on germanium. Some power transistors 
(approximately one-watt devices) have been fabri­
cated in silicon by grown-junction techniques.

Grown junction silicon transistors and some early 
development alloy silicon power transistors have 
been fabricated. One of the major problems is the 
alpha vs. Ie response of these devices leading to 
high output harmonic distortion in audio circuits. 
It appears that the upper operating junction tem­
perature of silicon devices presently available is in 
the neighborhood of 150 C.

Future developments in silicon power devices 
will include fabrication by diffusion techniques. At 
this time, it is difficult to see whether any startling 
operational differences will be noted. This can be 
explained by the lack of information on the nature 
of the silicon material and associated surface con­
ditions. In addition, high temperature materials 
associated with the fabrication of silicon devices 
must be developed. Eventually, silicon power de­
vices will be available with operating junction tem­
peratures of 200-300 C. Much research and devel­
opment work is still necessary before the full bene­
fits of silicon transistors will be realized.

Switching Transistors

The potentiality of transistors will be fully ex­
ploited in the switching applications area. Com­
puters utilize many transistors and other semicon­
ductor devices. Long life under mild operating 
conditions are requirements.

For low-speed switching applications such as de 
to de converters, many germanium audio devices in 
various power ranges exist. With the additional 
specification of the key-parameters requisite of a 
switching transistor, devices normally used as audio 
amplifiers can be employed. As with all audio de­
vices fabricated by alloying techniques, p-n-p tran­
sistors are more available than the n-p-n variety. 
Some n-p-n germanium transistors fabricated by 
grown-junction techniques do exist; however, these 
devices bear the characteristics resulting from fab­
rication by this method. It appears, at present, that 
there are many different types of p-n-p devices or
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Core switches developed for computer use also 
fall into this same general frequency area. Some 
limited operation core switches are available com­
mercially. The Signal Corps, at present, is devel­
oping both germanium and silicon core drivers. A 
very limited number of feasibility samples have 
been evaluated. In coming months, state-of-the-art 
samples will become available. Approximately one 
year hence, pilot-line production quantities are ex­
pected. Summarizing the core switch situation,
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High-Frequency Transistors

The development of high-frequency transistors 
will open new areas of application in communica­
tions equipment. A year ago, alloy or surface bar­
rier homogeneous base transistors were being used. 
In addition to these triode devices, some tetrodes 
were and are still used in high-frequency applica­
tions. At that time, some devices were available for 
operation as radio-frequency and intermediate fre­
quency amplifiers up to about 10 me.

With the advent of the p-n-i-p and drift tran­
sistors, the limiting frequency barrier was lifted. 
The possibility of operating transistors to 3000­
5000 me is now feasible. It is known that many in­
terested device manufacturers are utilizing the 
advantages of the p-n-i-p and drift structures.

At present, the supply of diffused-base high-fre­
quency transistors is quite limited; however, it is 
expected that within the next 12 to 18 months more 
units will be available for advanced circuit design 
and development. At that time, 200 me amplifiers 
an 1 oscillators should be available.

Silicon Transistors
At present, for operating junction temperatures of 

over 100 C, it is necessary to use silicon transistors. 
Most silicon transistors available are of the grown 
typt' and are supplied mainly by two manufacturers. 
For high-power, high-current operation, silicon 
transistors are practically non-existent. [For a new 
type see ED. June 15, p 42.] Most silicon devices 
suffer from high saturation resistance and low cur­
rent gains at higher current levels.

The operating temperature potential of silicon 
should be in the range of 200-300 C. At present, 
available devices are rated to about 150 C. The 
technology of preparing silicon is not understood 
as well as is necessary for the fabrication of better 
devices. Injection efficiencies of the emitter diode 
must be improved to improve current gain. Silicon 
surfaces require study in order to be understood. 
It is also difficult to predict when silicon transistors

New Frontiers in Solid-State Physics
Dr. Malcolm H. Hebb

Manager, General Physics Research 
General Electric Research Laboratory 

Schenectady, N. Y.

MUCH of industry’s interest in solid-state sci­
ence is related to the importance of solid-state 

devices to automation. Those who have made the 
most careful studies of tomorrow’s population 
trends and production requirements describe auto­
mation not as a problem of the future but rather as 
the only solution to a problem of the future. A key 
function of electronics in automation is control, and 
the key requirement for control elements is reliabil­
ity. Solid-state devices give every promise of pro­
viding the ultimate in long life, low maintenance, 
and reliability that will be required if automation is 
to be a dependable servant instead of a sick relative 
requiring constant nursing and medication.

Included in control—whether control of a chemi­
cal process, control of a manufacturing operation, 
control of inventory’ or of distribution—are three 
functions: 1) sensing the actual state of affairs, 2) 
processing the information so obtained with such 
aids as computers and instructions stored in mem­
ory devices, and 3) finally the execution of the con­
trol. For all of these control tasks, and particularly 
for the first two, solid-state devices are being de­
veloped at an ever-increasing pace. For sensing ele­
ments there are tiny devices that see (photo de­
tectors), hear (piezoelectric materials), feel (mag­
netic materials), and smell (leak detectors). A solid 

will become as available as comparable perform­
ing germanium devices.

In summarizing, it can be stated that germanium 
audio devices of various power levels are available. 
One of the major problems in this area, which 
should be overcome within the next year, is stand­
ard packaging.

Low and medium-frequency p-n-p switching 
transistors are in fairly good supply. The n-p-n 
varieties, especially the alloy type, are not as avail­
able. High-speed switching devices are in ex­
tremely limited supply.

High-frequency p-n-i-p or drift types are, at pres­
ent, in extremely limited supply. It is expected 
that this type will blossom within the next 12 to 
18 months.

The advances to be made in silicon transistor 
fabrication are difficult to estimate because of the 
status of very basic material problems.

that tastes is not known to the author, but it 
might be made if there were sufficient demand for 
it. There are many forms of solid-state substitutes 
for brain cells, although none thus far that could 
reproduce the complexity of the human brain in 
anything smaller than a warehouse packed with ap­
proximately ten billion transistors, ten billion trans­
formers, ten billion solid-state memory cells, and 
more wire than anyone—even a machine—would 
want to think about. Solid-state devices can talk and 
they can do. And best of all, by performing these 
functions in solids, we can foresee the day when 
all of these devices can be built to last a lifetime, 
using very little power to operate them, and requir­
ing no maintenance at all.

An example of how the transistor may turn up in 
some unexpected places in tomorrow’s world is the 
report that automobile designers are working on a 
transistorized fuel-injection system. This appears to 
be an application never considered for the vacuum 
tube, however, most ideas for the use of transistors 
involve putting them in places now occupied by 
vacuum devices.

One can look forward to developments in another 
direction. Of particular interest are devices com­
prising more than one or two rectifying junctions. 
An example is a rectifier—somewhat like a hook
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“Light-carrier” Amplifier
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A SINGLE COMMERCIAL SOURCE FOR QUALITY POWER SUPPLIES

transistor—that might “fire’ over a controlled part 
of the electrical cycle in the manner of a thyratron.

omenon superconductivity 
ials actually have no elec­
at extremely low tempera-

Universal Transistor Prodvicts Corp.
Dept. ED/7 • 36 Sylvester St. • Westbury, L. I., N Y • Edgewood 3 3304

• COMPLETELY 
TRANSISTORIZED

• COMPACT as little as 
23'cu. in. per VA.

. LIGHTWEIGHT —as little 
as 1 2 ounce per VA

• RUGGED -withstand 
in excess of 100 G s

1 OVA/50400 10VA 50-400 CPS .2 3^x2%x4% 2 lbs. $200.00

Output Current List
Voltage Ampt. Cate Site finche«) Weight Frite
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Superconductive m 
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UAC tubeless 
DC to AC
replace bulky 

dynamotors 

and inefficient 
vibrator 
power supplies

CAN BE MADE TO MEET MIL SPECS
UAC high efficiency power supplies solve size, 
weight, vibration and shock problems in hundreds of 
mobile and aircraft applications. Efficiency over 90%; 
temperature stability from — 55°C to 100°C can be 
achieved. 400 cps. and 1000 cps. both available. 
Standard DC to AC units to 250 VA;
custom units to 2 KVA.
DC to DC and AC to DC units also available, 
including unusual input-output combinations such as 
28 VDC input, 115 VAC output; 115 VAC, 400 cps, 
3 phase input; 250 VDC regulated output.

TYPICAL STANDARDS From 24 to 28 VDC Input

Photoconductors

The previous mention of solid-state devices that 
“see” was a reference to a whole family of photo 
detectors—photoconductors, photo diodes, photo 
transistors. Because they’ are relatively inexpensive 
and have high output, the photoconductors are 
coming in for a large share of scientific attention. 
Recently RCA announced it is making a photo con­
ductive cell for use in a headlight dimmer for auto­
mobiles. General Electric’s X-ray Department uses 
photoconductor detectors in an x-ray system that 
“looks” through beer cans to ensure that they are 
completely full before they leave the brewery. This 
way is faster than detecting a light can by its 
weight. Improved photoconductors would also ex­
tend the usefulness of the vidicon, that is now limited 
mostly to industrial TV applications because of low 
sensitivity and speed of response.

Tiny germanium-junction photoelectric cells re­
cently announced by Standard Telephones and 
Cables Limited in Great Britain are less than a 
tenth of an inch in diameter and are designed 
specifically for scanning operations in punched- 
card and perforated-tape machines. They speed 
operations by eliminating certain machined and 
other intermediate steps involved in storing infor­
mation from punched-card systems.

tain theories of “breakdown” in transistors, it ha 
not yet been evaluated as a useful source of iigh 
because of the extremely poor efficiency. Some o; 
the solid-state theoreticians at G.E.’s Researc 
Laboratory, however, have ventured that the uni 
tion light source just might be the key to grttin» 
closer to the theoretical 200 lumens from ever 
watt of electricity instead of the approximate ly 2i 
lumens per watt produced by a good incandesces 
bulb and the 60 lumens per watt of fluorescen 
lamps.

An interesting combination of the two solid-state 
phenomena just discussed—light sensitivity and 
light production—is involved in a method of con­
trolling electric currents in a manner that cannot 
be accomplished by ordinary relays or amplifiers 
In this system, electrical energy is converted into 
light by a form of electroluminescence; the light 
therefrom falls on a light-sensitive photoconductor, 
producing an electrical current. This sounds like a 
complicated method of starting out and ending up 
with the same thing—electrical energy—but it oilers 
certain opportunities for control that might not b 
possible by more straightforward methods.

10VA/115400 10VA 115400 CPS .1 3!<2x2»^x4% 2 lbs. 200.00
100VA/50-1000 100VA 50-1000 CPS 2 3%x3%x5% 3% lbs. 300.00
100VA/115-1000 100VA 115-1000 CPS 1 3%x3%x5% 3^ lbs. 300.00

Electroluminescence

Solid-state devices can be light-producing as 
well as light-sensitive. Electroluminescence—the 
well-publicized “wall of light” phenomenon to 
which important contributions have been an­
nounced recently by Sylvania and Westinghouse— 
is essentially the direct conversion of electrical 
energy into light energy in a solid phosphor film. 
There is no question but that—with improvements 
in efficiency—electroluminescence will have an im­
portant place in the lighting techniques of the fu­
ture. We should not forget, however, that even if it 
can become an economically efficient producer of 
light, the “wall of light has certain limitations. One 
of the author’s associates, tongue in cheek, has 
suggested that if Edison had invented electrolumi­
nescence instead of the light bulb, every research 
laboratory would be knocking itself out trying to 
produce a different kind of electric light source, 
one that wouldn’t take up the whole wall and could 
be put in some compact form—maybe even in a 
little glass sphere.

New Light Amplifier

The converse of the above system would be to 
use light to control an electric current through a 
photoconductor and then convert the electric en­
ergy back into light by electroluminescence. A 
number of systems of this type have been devel­
oped under the general description of ‘ light ampli­
fiers.” G.E. has developed another method of light 
amplification that is unique because the amplifica­
tion and conversion (in this case the conversion of 
one kind of light energy directly into another kind 
of light energy) all takes place in a single solid­
state layer of phosphor. The most appealing appli­
cation at the present time appears to be in x-ray 
fluoroscopy, where amplificati^ and conversion in
a simple, thin 
image for the 
the patient.
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Junction Light Sources

Solid-state research may have an answer to the 
need for more efficient light sources that also are 
compact. Some semiconductor junctions emit light 
when a current is passing through them. Although 
this phenomenon has been useful in clarifying cer-

tures—within a few degrees of absolute zero. The 
Cryotron is an amplifying device that makes use oi 
the superconducting properties of tantalum when 

cooled in liquid helium. Because it is compact 
simple, and inexpensive in construction—and con­
sumes very little power apart from the inodes 

power needed to create the very low’ temperatures 
—the Cryotron may play an important role in com­

puters.
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Masers

“Maser” stands for Microwave Amplifier by 
Stine dated Emission of Radiation. Not all of the 
Mas« s developed to date are solid-state devices, 
although the solid-state Masers appear—obviously— 
to have conspicuous advantages. Applications of the 
Mase» are expected to be principally in the ampli­
fication of radar signals and in scatter communica­
tion.

Purity—Needed Breakthrough

Thus far devices, applications—even gadgets have 
been discussed. Now let us turn to one fundamental 
that is important to the future of solid-state physics 
-purity. Purity has one meaning to a preacher, 
another to a water commissioner, but to the solid- 
state scientist purity has a meaning that is difficult 
to visualize. Semiconductors demand the extreme in 
freedom from chemical impurity and freedom from 
structural imperfections such as misplaced atoms. 
Germanium and silicon are routinely prepared with 
no more than one part per billion of electrically- 
active impurities. They have been prepared with 
no more than one part per trillion. Some concept of 
this last number is given by noting that it is less 
than one counterfeit dollar in the national debt.

This critical need for purer materials seems 
somewhat paradoxical since almost all semicon- 

| ductor devices require eventually that certain im­
purities be intentionally introduced. However, 

I other impurities must still be vigorously excluded, 
and to improve practical devices we must have the 
understanding that comes from studying extremely 
pure materials.

Eventually these efforts may produce the mate­
rials or the knowledge that can lead not only to 
important devices for industry and defense but 
even to cheaper and better lighting, or to baby­
sitting TV sets, or to electronic computers that do 
most of the household chores automatically. Every­
day use of solid-state electronic helpers “at home” 
will demand low-cost devices, and learning how to 
make power materials is closely tied to making 

I electronics less expensive.
To accomplish some of the new things mentioned 

it will be necessary to extend the technology now 
available for silicon and germanium to other mate­
rials. It will require the talent and cooperation of 
several scientific disciplines: physics, metallurgy, 
chemistry, and others.

Keep an eye on the fundamental efforts to pro- 
I duce purer, cleaner materials for solid-state re- 
I search. This is the “breakthrough” that is needed 
I to produce many of the fantastic electronic devices 
I that have been promised for the future.

If you have this problem, investigate

—an example of Phelps Dodge’s 

realistic approach

to Magnet Wire research

To develop a solderable film-coated wire without fabric for winding 

universal lattice-wound coils without adhesive application.

Phelps Dodge Grip-eze—a solderable film wire with controlled 
surface friction for lattice-wound coils that provides mechanical 

gripping between turns and keeps wire in place.

Coils wound with (a) conventional film wire; (b) Grip-eze. Note clean 
pattern of Grip-eze as compared to fall-down of conventional film wire.

Any time magnet wire is your problem, consult Phelps Dodge 

for the quickest, easiest answer!

Visit our Booth No. 1111 at Wescon Show, August 20-23, 1957.

FIRST FOR 

LASTING QUALITY 

— FROM MINE 

TO MARKET !

maps maspEpppoi momms 
CORPORATION

Adapted from a talk at the 1957 IRE National 
Convention for use by Electronic Design.

INCA MANUFACTURING DIVISION
FORT WAYNE. INDIANA
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KodedKords
THE ORIGINAL 
RETRACTILE CORDS
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I and communications.
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KOILED KORDS, INC.
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product built

’ to give long 

uninterrupted 

service.
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of 

Nuclear Radiation 

Effects

on 

Transistors

D. B. Kret

Defense Electronics Products 
Radio Corporation of America 

Camden, N. J.

BOX K
NEW HAVEN 14, CONN.

Koded Kords is o trade mark of KOILED KORDS INC
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CURRENTLY available silicon transistors seem 
to stand up under radiation better than audio 

frequency germanium devices but not as well as 
high-frequency germanium devices.

For most polycrystalline materials, thermal neu­
tron capture or transmutation is more important as 
a cause of damage than fast neutrons. However, in 
transistors, where regular single crystal structure is 
essential for the proper operation of the device, 
fast neutrons are the chief cause of damage.

Gamma rays must also be considered. Low energy 
gamma rays generally cause photoelectric effect to 
which most semiconductors are relatively sensitive. 
However, except under prolonged or intense low 
energy gamma radiation, generated photo emf’s are 
of secondary importance and not a cause of perma­
nent damage.

Another important consideration is Compton ef­
fect or Compton scatter—a process in which a 

gamma ray is captured with a subsequent release of 
a high energy electron. Thus, although electrons 
themselves are not capable of penetrating the case 
used for a transistor, they may be generated inside 
of the transistor package itself.

These particles are capable of causing crystal 
damage in the same manner as fast neutrons. All 
gamma ray with a certain minimum energy are ca­
pable of breaking chemical bonds in such a manner 
as to change the nature of the bombarded material. 
Silicone grease or oil may in this manner be vul­
canized to rubber. Long chain type organic mole­
cules decompose into smaller more stable com­
pounds possibly with the evolution of Hydrogen 
gas. In transistors, this is very important, since at 
the surface of the crystal, various types of chemical 
bonds exist and various susceptible materials are 
used as fillers and capsulents.

The radiation effects on transistors can be recog­
nized as primarily two discrete types, surface effects 
generally induced by gamma rays and damage to 
the crystal lattice primarily due to fast neutrons. 
Compton scatter electrons and thermal neutron 
capture may be regarded as second order sources 
of damage. The surface effects may be recognized 
by charges in surface recombination velocity, while 
bulk damage relates directly to decreases in mi­
nority carrier lifetime. The most sensitive design 
parameters relating these fundamental characteris­
tics are:

beta( common emitter current gain) 
Ico (leakage and saturation current)

Typical gain curves are shown in Fig. 1 for tran­
sistors subjected to nuclear radiation. There are 
three modes of change. Curve A which indicates 
little change in gain hence, the most desirable char­
acteristic occurred only on some of the highest fre­
quency devices. This is due primarily to their much 
narrower base width as compared to lower fre­
quency devices. Curve A on a somewhat different 
time base would take on the character of Curve C 
if the test had been continued for sufficient dura-

GAIN

TIME

Fig. 1. Gain curves for transistors subjected to 
nuclear radiation. Curve A is that exhibited 
by most high-frequency transistors. Curve C is 
the usual curve for most transistors with c 
few following curve B as explained in the text.
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Fig. 2. Typical lco vs Time curves for various 
Iransistors tested in presence of nuclear radia­
tion. Most transistors followed curves A or C.
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tion. While most transistors exhibit the predicted 
hyperbolic deterioration in gain as a function of 
time as depicted in Curve C, a fair number of them 
had the type of characteristic shown in Curve B. 
Most of these are p-n-p alloyed junction types in 
which the initial increases in gain are attributable 
to surface changes which tended to improve them 
by decreasing surface recombination velocity. The 
majority of units, however, show an initial deterio­
ration of gain that might be expected due to bulk 
effects alone. Devices that initially have relatively 
low beta exhibit the same type of gain deterioration 
except that the percentage change is much less 
since they start so much lower down on the hyper­
bolic curves.

A composite of the variation Ico is shown in Fig. 
2. Analysis is not as simple or straight forward as 
that for changes in gain. The initial Ic0 variations 
are primarily gamma induced surface changes 
while the long term increases are bulk induced, the 
former due to leakage current, the latter due to 
saturation current. Most transistors follow Curve A 
or C. Some of the units which exhibit the E charac­
teristics had relatively high Ico initially. Units of a 
single type from one manufacturer produced in the 
same lot exhibited different types and amounts of 
I.o changes as a function of irradiation and time. 
This suggests an immediate expedient for obtaining 
reasonable radiation resistant devices for use in 
current equipment until more highly radiation re­
sistant types are made by design. A simple screen­
ing process whereby all units required for an equip­
ment design which would be exposed to a medium 
intensity gamma source for a relatively short pe­
riod of time while the I(.o changes are being moni­
tored. All units exhibiting large Ico deterioration or 
instability would be eliminated and the balance 
could then be expected to be deteriorated as pre­
dicted by the bulk damage due to neutron flux 
only.

Most transistors recover or anneal to some extent 
uftei removal from radiation flux. Two distinct types

amilton

w

Toronti

Rochester

ANOTHER VARIAN FIRST- 2 kW SHF KLYSTRON

The VA-8O4D (4.85—5.0 kMc) mount­
ed in its focusing magnet, the VA-15O4.

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD

A vital component of the new Canadian Westinghouse SHF 
scatter transmitter, now being operated in a “proving ground” 
circuit between Hamilton and Kinmount, Ontario, is the Varian 
VA-804 klystron amplifier, designed specifically for forward scat­
ter communication service. The now familiar qualities of all 
Varian klystrons — remarkable efficiency (see below), economy, 
reliability, and proved performance — made this tube the logical 
choice for Westinghouse.

• Frequency — 4400 to 5875 Me 
Electrical Characteristics: Power - 2 kW minimum

I Gam — 50 do
I Efficiency — 40% nominal

For a complete description of this and other Varian klystrons contact 
your local Varian Representative or write Varian Associates, Applica­
tion Engineering Department, Palo Alto, California.

THE
lE^fX |||vARIAN....ciat..

WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R F. SPECTROMETERS. MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

CIRCLE 24 ON READER-SERVICE CARD FOR MORE INFORMATION
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Power Supplies
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For further information write
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Fig. 3. Diode characteristic—before and 
after being subjected to nuclear radiation.
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initially and was rejectable on the basis of manu­
facturers specifications. Generally, most commer­
cially available devices can be expected to deterio­
rate due to surface changes during irradiation and 
recovered partially as a function of time and tem­
perature after removal.

PRE — 
IRRADIATION

FORWARD 
DIODE 

CHARACTERISTIC

In Fig. 3 is shown a diode characteristic before 
and after irradiation. The input impedance and 
saturation resistance of diodes, which have a linear 
relationship with common base and common emit­
ter transistor circuits, shoidd increase as a function 
of bulk deterioration. These changes will generally 
be relatively slight.

The output characteristics of a transistor are 
shown in Fig. 4 with the collector voltage plotted 
against the collector current and with the base cur­
rent as the independent variable. The solid lines are 
pre-irradiation, and the dotted lines are pre-h radia­
tion. The changes predicted on the basis of the for­
ward diode characteristic are clearly apparent. In 
addition, from this it can be seen that the output 
impedance will generally decrease. The change be­
ing attributable to surface effects. In rare cases the 
converse might be true.

Maximum breakdown voltage should generally 
be decreased due to surface effects. Breakdown 
voltage which is generally a function of restivity 
will not be noticed before the device is virtually 
destroyed due to the deterioration of minority car­
rier lifetime except possibly for extremely’ narrow 
base width units.

Noise figure will increase as a function of surface 
deterioration. Discrete noise pulses due to incident 
particles and rays are insignificant except possibly 
in the presence of an intense cosmic shower. The 
probability of which is insignificantly small up to 
altitude in excess of 250 miles.

Improved silicon devices will show a greater 
sensitivity to nuclear radiation damage than equiva­
lent germanium devices by a factor of two to five.

ACME ELECTRIC CORPORATION
90 7 WATER ST. CUBA. NEW YORK

of annealing are important, bulk and surface. Both 
of these processes are temperature and time de­
pendent. While bulk annealing of germanium at 
25 C is negligible, it becomes appreciable and in­
creases rapidly above 100 C. Hence, devices might 
be rejuvenated by a high temperature baking proc­
ess. Gomplete recovery could not be achieved at 
temperatures which would not destroy currently 
available germanium transistors due to the tem­
perature limitations of other materials employed in 
fabrication. Although currently available silicon 
transistors have an upper limit of 200 C, it is now 
conceivable that they could be made in a manner 
that would permit baking at temperatures in excess 
of 500 C.

Surface recovery is not as clearly understood as 
bulk annealing. We believe it is so however, to 
predict that an exact repetition of the manufac­
turer’s surface preparation technique could remove 
all traces of radiation effects from the surface. Ra­
diation induced surface changes may cause either 
improvement or deterioration of device characteris­
tics. Annealing reverses this process such that in 
some instances slight deterioration was noticed 
after removal of the units from the radiation en­
vironment, and in one exceptional instance the char­
acteristics after annealing were markedly better 
than before the radiation test by a ratio of about 
six to one. This was however a very poor device

Our experience in manu­
facturing dependable DC 
power supplies may be the 
“know how” to improving 
the performance of your 
product. We have the en­
gineering personnel and 
the facilities to furnish 
regulated power supplies 
of the saturable reactor,

series tube, stabilizer or 
transistor types and un­
regulated power supplies 
for either 60 cycle or 400 
cycle service.
The specifications you 
submit will be thoroughly 
studied, suggested im­
provements (if any) sub­
mitted and quotation made 
on the highest quality 
units that can be produced, 
anywhere.
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Fig. 4. Transistor output character­
istics curves—before (solid) and after 
(dotted) sub|ection to radiation fields.
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Information is currently available for the initia­
tion of development of devices specifically intended 
for use in radiation environments. Much work has 
yet to be done in this area, surface preparation and 
capsulating materials which can readily be analyzed 
and tested might be a fruitful area for work. More 
radiation resistant surfaces could be manufactured 
by design, but in the interim (by the screening tech­
nique suggested previously) highly resistant devices 
can be selected to be satisfactory for most require­
ments.

All the tests that have been conducted so far 
have been with very intense radiations such as are 
found in the heart of a reactor or under extremely 
intense gamma sources. The transistors tested were 
capable of lasting specific lengths of time. Some 
gave indications of little or no deterioration under 
very intense gamma flux; others under the most se­
vere atomic pile conditions gave appearances of 
useful life in the order of hundreds of hours. Under 
these conditions, human beings could not be ex­
pected to survive after a fraction of one percent of 
this time. Due to their single crystalline structure, 
transistors are somewhat more sensitive to radiation 
damage than other conventional components, with 
a few exceptions.

This article is based on a talk given by Mr. Kret 
at the Electronics Components Symposium in 
Chicago, May 1-3, 1957.
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1 )u Pont silicon used in rectifiers, tran­
sistors and photocells can now be 
closely matched to device needs, be­
cause of newly established, clear-cut 
differences in grades. Each grade has a 
rated maximum content of boron, the 
most critical impurity. Because of this 
new grading, more efficient use of 
Du Pont Hyperpure Silicon is now 
possible.

GRADE 1—’I his grade, with a maxi­
mum of 3 atoms of boron to every 
billion atoms of silicon, has the high­
est quality. It is a new grade devel­
oped for such devices as power recti­
fiers and power transistors, permit­
ting lower reverse currents and hence 
higher-rated voltages.

GRADE 2—meets the needs of inter­
mediate-voltage devices, such as those 
used in the field of radio and television. 

I his grade contains no more than 6 
parts of boron per billion. It is useful, 
too, for such applications as rectifiers 
for variable speed motors.

GRADE 3—is useful in making high­
current, low-voltage devices such as 
diodes and low-voltage transistors. It 
has excellent potential for use in rec­
tifiers for alternating-current genera­
tors in automobiles. This grade con­
tains a maximum of 11 parts per bil­
lion of boron.

Quantities to meet today's needs

If you are a manufacturer oi silicon 
devices or are planning to manufacture 
semiconductors, there is sufficient 
production capacity for Du Font Hy- 
perpure Silicon to meet anticipated 
requirements and assure you of an 
uninterrupted supply. Technical in­
formation on the growing of single 
crystals and the measurement of their 
properties is available to you. Get in 
touch with us about your silicon prob­
lems. We will be pleased to help you.

DU PONT HYPERPURE SILICON is available in three 
polycrystalline forms — needles, dense lumps and 
cut rods. At the Du Pont laboratories, a single­
crystal ,ngot, such as those shown at left, is grown 
from each lot of polycrystalline Hyperpure Silicon.

The specifications are based on the values deter­
mined in our laboratory from resistivity measure­
ments of such crystals and resistivity measurements 
of floating zone refined bars cut from those crystals. 
Boron concentrations refer to those in the melt from 
which the characterization crystals are grown.

Part of this characterization crystal is included 
with each shipment of a full lot of silicon. It may 
be used by the manufacturer as a seed to initiate 
the growth of single crystals and also as a resistiv­
ity reference to check the purity of single crystals 
grown from the lot.

Provision of these seed crystals is part of the 
service rendered to crystal growers by Du Pont, 
the pioneer producer of semiconductor-grade sili­
con in commercial quantities.

^NEW BOOKLET ON DU PONT HYPERPURE SILICON

If you manufacture or use silicon devices, you’ll want this 
new booklet which provides property data on Du Pont Hy­
perpure Silicon. It contains basic information on silicon and 
some of its many uses.

E. I. du Pont de Nemours U Co. (Inc.), Pigments Department 
Silicon Development Group, Wilmington 98, Delaware.
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TAT

representative types TYPICAL SIZE COMPARISONS
Cap. Volts

AXIAL LEAD .01

.47

.01

Telemeteringradial lead

UPRIGHT MOUNTING

.01

47

.01

CIRCLE 27 ON READER-SERVICE CARD FOR MORE INFORMATION

A leading manufacturer of Tubular and Ceramic Disc Capacitors

50
50

50
50
50

50
50
50

50
50

50
50
50

.173 x 23/32 

.313 x 27/32

.01 

.1 

.47

.01 

.1 

.47

50
50
50

.438 X 15/16 

.562 x 1*3/16 

.688 x 1*15/16

.188 X 11/16 

.281x15/16 

.437 x 1*15/16

Diam. Lgth.
312x 15/16 
.438 x 1-3/16 
.562x 1-15/16

.01 

.1 

.47

50 .250 x 11/16 
50 .375 x 15/16 
50 .50 x 1-3/4

.375 x 1
.375 x 1-1/4
.625 x 1-7/8

specifications on the 

various capacitor 

types shown.

.343 x 15/16 

.410 x 1

663UW . . Mylar dielectric winding with tough plastic film 
case and thermo setting end seals.

620UPB... Mylar dielectric winding with molded bakelite 
housing and thermo-setting plastic end seal.

Dimensional information 
is contained in the 
Good-All ceramic disc 
brochure.

620PM ... Mylar dielectric winding encapsulated in a plas­
tic impregnated paper tube.

♦WjE ... Mylar dielectric winding molded in dense, mois­
ture-resisting Epoxy.

613G ... Mylar dielectric winding, extended foil construc­
tion, hermetically-sealed metal housing.

600UPE ... Mylar dielectric winding molded in dense mois­
ture-resisting Epoxy.

600RE ... This novel design combines features of conven­
tional tubular capacitors and upright mounting types. The 
mylar dielectric winding is completely encapsulated in 
Epoxy. In addition to its attractive glossy red appearance 
the Epoxy formulation developed by Good-All yields a tough, 
durable coating with excellent dielectric strength.

capacitors

Write or phone for 

consultation on 

specific design 

problems or to 

detailed

Selected MINIATURES*0'
TnAllflfTAn and PRINTED CIRCUITTRANSIS 0 APPLICATIONS

Design and component engineers are invited to acquaint themselves with the wide 
variety of miniature low voltage capacitors developed by Good-All Electric. These com­
pact new designs are ideal companion items for use with transistors and other printed 
circuit components.

Many space-saving Good-All types are as useful for military as for civilian appli­
cations. This is particularly true of the molded-in-Epoxy types. It has also proven 
to be the case with “wrapped” mylar designs which lend themselves to use in potted 
subassemblies.

Mylar* dielectric is frequently selected for Good-All miniatures because of its 
superior electrical characteristics — high I.R., low power factor and excellent stability 
with life. The space-saving it offers in low voltage designs is also an attractive feature. 

Good-All offers a wide selection in 50 Volt miniature designs

ELECTRONIC CG 
MODEL 30 -10 

serial IQ 
ARNOUX CORPO 
LOS ANGELES,

PAT. APPLIED

epoxy coated
CERAMIC DISCS

These Epoxy coated discs are ideal for use on printed cir­
cuit boards that are to be dip soldered, since no wax 
coating is necessary.
The available types of ceramic discs are too numerous to' 
describe in detail. A complete brochure with specifications 
on each type will be mailed to you upon request.

♦DuPont’s trademark for polyester film.

.47 50 .562 x 1-3/4

.47 50 .50 x 1-3/16

secure

Airborne

USED FOR telemetering information in air­
craft and missiles, this electronic commutator 

can be expected to have a life of 5000 hours. 
Twenty-eight data channels are switched with­
out recourse to moving parts. The unit, consist­
ing of a transistorized pulse generator, a silicon 
diode switching matrix and a sequential counter, 
is contained in a package 3 in. diam x 5 in. long 
and weighs 2 lb.

The commutator, manufactured by Arnoux 
Corp., 11924 W. Washington Blvd., Los Angeles 
66, Calif., is designed to operate at fixed speeds 
from 2-1/2 to 30 cps and to handle input signals 
over the range 0 to 5 v with a 25 K source im­
pedance. One of the 28 input channels is used 
for frame synchronizing purposes. With an input 
signal between 0 and 5 v applied to this channel, 
the device produces a frame synchronizing pulse 
in the output equal in width to three on periods 
and two off periods. Output amplitudes art from 
5 to 7 v with a 5 v input, constant to ±5 per cent.
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CBS-HYTRON
Semiconductor Operations, Lowell, Massachusetts 
A Division of Columbia Broadcasting System. Inc.
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«■■■^nov- 
hansistorized L •. . .■ode switch- 
iT counter, is 

Volume.

The variation in output pulse level corre­
sponding to inputs between 0 to 5 v is less than 
10 per cent of the pulse width, while the peak- 
to-peak noise level on the output pulse train is 
less than half a per cent of the full scale range. 
Cross-talk between channels is less than 0.25 
per cent of the full scale range. With equal 
inputs to all channels—0 to 5 v—the variation in 
pulse levels between channels is again plus or 
minus half a per cent of the full scale range.

Designed to operate from -{-150 ±5 v de, the

1. They look and are alike because 
of controlled mass-production 
techniques.

2. They are uniform electrically 
because of these techniques.

3. Over 10,000 hours of life have 
demonstrated their stability.

4. Hundreds of thousands have 
proved their dependability in 
actual use.

5. CBS power transistors are your 
logical choice, too ... for uni­
formity, for stability, for over­
all dependability.

and 185 F, sea level and 80 kilofeet.
The electronic commutator was developed to 

fulfill a need left by mechanical switches that 
wear relatively quickly when a common wiper 
makes contact with the data channel contacts at 
speeds from 150 to 1800 rpm.

bur more information on this electronic com- 
mut. tor, turn to the Reader’s Service Card and 
circlt 33.
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ccBackground for Designers

Frequency Division

with

Semiconductor Devices

A William Carlson 
Transistor Applications, Inc. 

Boston, Mass.

FREQUENCY division may be accomplished in 
a number of ways with semiconductor devices.

It is a process of deriving from a source frequency f 
a frequency of exactly f/n, where n is an integer. 
Frequency division is used in radar systems, radio 
navigation systems, computers, television trans­
mitters, some fm transmitters, electronic clocks and 
in a host of other applications where it is necessary 
to obtain a frequency that is an exact integral sub­
multiple of another frequency. It finds important 
application in frequency measurement equipment 
where a low frequency signal is obtained from a 
precision high frequency source.

Frequency division may be accomplished with 
semiconductor devices by use of:

■ Blocking oscillators
■ Multivibrators
■ Devices showing negative resistance (double 

base diodes, point contact transistors, negative re­
sistance diodes, avalanche transistors, combinations 
of junction transistors)

■ Counter circuits (binary counters and ring 
counters)

■ Regenerative frequency dividers
■ Circuits in which increments of charge are 

added to a capacitor which is then discharged at a 
given count (an integrating type of counter)

A junction transistor blocking oscillator is shown 
in Fig. la. This circuit is similar to one often used 
with vacuum tubes. The operation of the circuit 
may be explained by assuming that a negative pulse 
has just driven the base negative, causing the col­

34

lector to conduct and the voltage at the collector to 
swing positive. The transformer secondary in the 
base circuit inverts the voltage across the primary 
in the collector circuit and drives the base more 
negative causing the transistor to conduct more 
heavily. This action is regenerative and rapidly 
drives the transistor to full conduction. The dura­
tion of the pulse is a function of the size of the 
coupling capacitor in the base circuit and the mu­
tual inductance of the transformer, among other 
things.

When the voltage across the capacitor begins to 
change, and when the voltage across the trans­
former starts to drop, the voltage at the base begins 
to decrease, causing a decrease in collector current. 
This initiates regenerative action in the other direc­
tion and the transistor is rapidly turned off. Because 
of the charge placed on capacitor C during the con­
duction interval the base is now biased positively 
and the transistor will remain in the cut-off condi­
tion until the capacitor discharges to zero or a pulse 
drives the base negative.

The base wave form is 
capacitor discharges with 
mined mainly by C and Ri 

shown in Fig. lb. The 
a time constant deter­
in series with the paral­

lel combination of Ri and R2. When the transistor 
is turned off, the impedance looking into the base 
is very high. If the transistor did not conduct when 
the base voltage became negative the capacitor 
would discharge to — Vcc Ri/(Ri 4 Re).

Fig. lb illustrates division by four. The negative 
pulses are too small to drive the base negative until

NEGATIVE 
PULSES
O

(a)

vb

0
TIME

(b)
Fig. 1. a) A typical blocking oscil­
lator b) Base voltage waveforms

base voltage has dropped to the point where the 
fourth pulse triggers the circuit. The free-running 
period of the circuit is longer than the triggered 
period. By placing R; in the emitter circuit a nega­
tive pulse is available to drive another similar 
dividing circuit. A positive pulse is available at the 
collector.

Blocking oscillator circuits take different forms. 
In Fig. 2a the RC circuit controlling the frequency 
is placed in the emitter circuit. A negative output is 
available from a transformer winding and a positive 
pulse is obtained at the collector. In Fig. 2b the 
transformer secondary and the RC circuit are in the 
emitter circuit, with a positive pulse available at 
the collector.

Multivibrators

A junction transistor multivibrator and the asso­
ciated waveforms are shown in Fig. 3. The param­
eters Rui, Rht, and C2 may be adjusted for the de­
sired conduction periods. The circuit may be modi­
fied by returning Rbt and Rbs to voltages other than 
—Vcc. Every third pulse applied to the base of 
transistor 1 causes triggering in the example shown.

Negative Resistance Devices

Semiconductor devices capable of producing neg­
ative resistance characteristics include point con 
tact transistors, double-base diodes, avalancl e 
transistors and combinations of junctions transi - 
tors. A typical negative resistance curve is shown 
in Fig. 4a. If a load resistance Rl is used with a
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Fig. 2. Blocking oscillators 
using junction transistors
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voltage1 Vn to bias the device in the negative resist­
ance region and a capacitor is placed across the in­
put as shown in Fig. 4b, relaxation oscillations will 
result. The voltage appearing across the capacitor

243 Randolph Avanua—Woodbridge, N.J.

CIRCLE 30 ON READER-SERVICE CARD FOR MORE INFORMATION

shown. The path of the operating point is shown 
by arrows in Fig. 4a. Operation of the circuit may be 
explained by assuming that the device is initially in 
the cut-off region. The capacitor charges towards 
Vs through RL until the peak point Vp of the nega­
tive resistance curve is reached.

Slot cell combination*, Aba­
glas®
Isogla*® «hoot, tape, tubing 
and «leaving
Vinyl coated and varnished 
tubing and sleeving
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene 
tape
Extruded Identification markers

A EROVOX Corpora­
tion, with ten plants 
from coast to coast, 
have been manufactur­
ing capacitors since 
1922. As leaders in the

Aerovox Polystrene Capacitors 
are designed for applications 
where stability and low dielectric 
absorption are essential—such as 
computing devices, tuned circuits 
demanding highest Q standards, 
capacitance bridges, and labora­
tory standards. They are available 
in many case styles and in capac­
ities from 0.001 mfd to 25. mfd 
and in voltage ratings from 100 
VDC to 1600 VDC.

field, they have been quick to take advantage of new and 
better materials, and to anticipate the demands of the 
fastest growing industry—electronics.

They use Natvar Styroflex because it has all of the out­
standing properties of polystyrene, plus complete flexi­
bility, toughness and uniformity.

Natvar Styroflex is available in standard thicknesses from 
.0004" to .006" in rolls from K" to approximately 10" in 
width. Ask for data sheet St.-l.

Upon reaching the peak point voltage, the oper­
ating point switches rapidly to the conduction re­
gion where the capacitor is quickly discharged to 
the valley point voltage Vv at which point the de­
vice is turned off and the cycle repeats. By super­
posing small timing pulses as indicated in Fig. 4b 
and 4c frequency division may be accomplished.

The negative resistance curve of Fig. 4a is typical 
of the V-I characteristics obtainable with the de­
vices mentioned above except that the location of 
the curve in the V-I plane may differ. All the de­
vices mentioned are three terminal devices with the 
exception of the negative resistance diode. The 
diode is not available on the market but a great 
deal of research is being carried on, as indicated 
at a recent conference on semiconductor devices 
where one-third of the papers presented were on 
the subject of negative resistance diodes.

The negative resistance diode is capable of very 
high frequency operation. Relaxation oscillators at

NEGATIVE __RESISTANCES^ 
REGION S^ 
< S<. CONDUCTION

REGION

Rest

For

are

Fig. 3. A junction transistor multi­
vibrator and the associated waveforms

Fig. 4c where division by three

Fig. 4. a) A typical negative resistance 
curve b) A negative resistance frequency 
divider c) Voltage across the capaci­
tor of Fig. 4b for division by three
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30 me have been obtained. Fig. 4b gives a fair in­
dication of the simplicity of a relaxation oscillator 
using a two-tenninal negative resistance diode. For 
a three-terminal device, the block in Fig. 4b repre­
sents the two terminals across which negative re­
sistance characteristics appear. In three-terminal 
devices, the third terminal may be used for a signal 
output.

Fig. 5 illustrates some other circuits having a 
negative resistance characteristic. The combination 
of a PNP and an NPN transistor as shown in Fig. 5d 
is equivalent to a point contact transistor except 
that the current gain is higher. The avalanche tran­
sistor is not shown but consists essentially of an or­
dinary junction transistor operated at higher than 
normal collector voltages where heavy conduction 
occurs due to avalanche multiplication at the col­
lector. This “breakdown ’ current may be controlled 
by base current and the transistor may be used in 
circuits similar to those used with point contact 
transistors. The remarkable feature of the avalanche 
transistor is that a switching time of a fraction of a 
microsecond may be obtained with low frequency 
audio transistors.

Counters

Binary counters and ring counters may be used 
for frequency division. They differ from the fre­
quency divider circuits previously mentioned in 
that they are not free-running and are not as sensi­
tive to trigger pulse, supply voltage, or circuit 
parameter variations. They are, however, more

----------- O
NEGATIVE 
RESISTANCE

Fig. 5. Circuits having negative re­
sistance characteristics a) Double 
base diode b) Point contact transis­
tor c) Point contact transistor d) 
Combination of ¡unction transistors

Re

POSITIVE 
PULSES

Fig. 6. A binary count­
er frequency divider

complicated than the free-running circuits. If the 
counter accepts n pulses before returning to its 
original state, it will produce an output pulse once 
for each n input pulses. The counter may be con­
structed with transistors of either the point contact 
or junction type and may be either a ring counter 
or a binary type made up of a number of binary flip­
flops. Fig. 6 shows a typical binary counter stage 
using junction transistors.

Ring counters may be constructed to divide by 
any integer. Binary counters normally count in 
powers of two but may be used with feedback cir­
cuits to reset at the desired count and thus may also 
be used to divide by any integer. The binary coun­
ter of Fig. 6 operates as follows. If Tr2 is on a 
positive pulse applied to the flip-flop will pass 
through d2 to the base of Trg and turn it ‘off’ and at 
the same time turn Trt ‘on’, (diode di is reverse- 
biased by the negative collector voltage of Trf).

The next positive pulse will turn Trt ‘off and Trt 
on' producing a positive going voltage at the col­
lector of Tr2 which may be applied to another 
binary stage for further division. Thus every other 
input pulse applied to the flip-flop returns it to the 
same state. In a ring counter an ‘on condition is 
transferred from one stage to the next at each input 
pulse with the frequency division determined by 
the number of stages in the counters.

Regenerative Frequency Dividers

The regenerative frequency divider shown in 
Fig. 7 is similar to the counter types in that it is not 
free-running, but differs in that it is essentially a 
sine wave circuit. Fig. 7a shows a block diagram of 
the regenerative frequency divider. To understand 
the operation of the circuit, assume the system is in 
operation with an input frequency f and an output 
frequency f/n. A signal of frequency f/n. is applied 
to a harmonic generator tuned to the (n-2)th har­
monic of the f/n signal and thus has an output fre­
quency of (n-l)f/n which is applied to the mixer.

The mixer output circuit is tuned to the diffci net 
frequency of the two signals coming into the mixer, 
f and (n-l)f/n, this difference frequency being the 
desired output frequency, f/n. Fig. 7b illustrates 
how the circuit might be realized with junction 
transistors.

Integrators

Fig. 8a shows a counter in which an increment oi 
charge is added to a capacitor each time a pulse 
is applied to the circuit. After a desired number of 
pulses the negative resistance circuit discharges the 
capacitor. In explaining the operation of the circuit 
it will be assumed that the negative resistance de­
vice has a V-I characteristic similar to that in Fig. 
4a. The transistor is normally ‘off’ and a negative 
pulse is assumed to drive the transistor fully ‘on’ so
that the collector goes nearly to ground potential 
during the pulse. Ci is much smaller than C2. As­
sume that the negative resistance device has just 
discharged C2 at time t0- Ci is charged to a voltage 
of nearly —Vcc (the voltage at the collector when 
cut off). When a short negative pulse arrives it 
ch ives the transistor to full conduction, the collector 
approaches ground potential, and Ci transfers most 
of its charge to Ci through diode Di causing a posi­
tive step of voltage to appear across Ci as shown in 
Fig. 8b. After the trigger pulse disappears, Ci 
charges again to — V(C through RL and diode Dp 
The next trigger pulse to arrive results in another 
transfer of charge from Ci to C2 and another jump 
in voltage across C2. The process continues until the

TUNED TO f/N

Fig. 7. a) Block diagram of 
a regenerative frequency di­
vider b) Circuit of a re­
generative frequency divider
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v oltage across C2 reaches the peak point of the nega­
tive resistance device causing it to fire, at which 
time the cycle of events repeats. It is assumed that 
the back resistance of the diodes and the cut-off 
resistance of the negative resistance device is high 
enough so that Ct does not discharge appreciably 
between trigger pulses. The negative going wave­
form appearing when Cj is discharged could be 
used to operate another similar counter circuit. Fig. 
8b shows frequency division by five.
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These rack/panel pressurized connectors are designed 
for high altitude and vibration applications. When 

the DPS connector is mated, it is sealed about the 
insert faces by means of a specially designed rubber 

seal, that allows an axial tolerance of up to Vs" while 
still effecting a seal. This seal is encased in the #34 

shell so that the step down design of the mating 
#33 shell seats into and against it. In addition, the 

#34 or pin insert shell encloses a monobloc silicone 
insert designed so that the tightening of the junction 

shell effects a compression seal around the wires that 
have been inserted. The #33 or socket insert shell 
has a plastic front insulator, to insure alignment of 

contacts, and is backed up by a silicone rear insulator 
that is also tapered to permit the corresponding taper 

nf the junction shell to compress it around the wires 
as the junction shell is tightened. Contacts for DPS 

connectors must be ordered separately, and installed 
at time of wiring. Co-axial contacts, and thermocouple 
contacts are available. Also, air lines. DPS connectors 

are available in 4 different sizes with several 
insert arrangements for each size. 

Write for Bulletin DP-101 TODAY!

Latest RF Connector Series—The TNC. The TNC is a 
screw type coupling version of the improved BNC 

series for small coaxial connectors. This TNC series, 
made by the Eastern Division of Cannon Electric, is 

available in two types*, low voltage and high voltage. 
Both types are ideal where minimum noise is desired. 

They are lightweight, waterproof, sealed connectors 
which will operate at any altitude.

The high voltage TNC is recommended for AC rating up 
to 5,000 volts. Low voltage rating is to 500 volts. The 

TNC series is also available with collet cable clamp.
Write for RF Coaxial Bulletin DC-1 TODAY!

An accessory that consists of coupler and an adapter 
has been recently perfecteo by Cannon to provide 

quick connect and quick disconnect characteristics 
to AN connectors. 

The adapter is designed to screw over the coupling 
threads of a standard AN receptacle, and contains an 

external locking groove which receives the formed 
ends of the coupler latch when fully engaged. The 

entry of the coupler latch into this groove permits a 
compression spring to move the coupler sleeve 

forward, locking the parts securely. A simple straight 
pull back on the sleeve releases the latch 

and permits disconnection. 
The coupler consists of a special spring latch 

assembly, and is designed to replace the coupling 
nuts on Cannon AN3106A and AN3106B plugs

Fig. 3. Schematic of one-shot multivibrator which 
occupies less than one-fifth of a cubic inch

CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, California. Factories in
Los Angeles, Salem, Mass., Toronto, London, Melbourne. Manufacturing licensees In *’••.
Paris, Tokyo. Representatives and distributors in all principal cities. ...........

CIRCLE 42 ON READER-SERVICE CARD FOR MORE INFORMATION

Quick-Disconnect 
Accessories for AN-Plugs
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OCCUPYING less than one fifth of a cubic 
inch, these minute transistorized circuit as­

semblies provide remarkable performance for 
their size. They operate within specifications 
from —25 to ¿-50 deg C, and may be stored 
safely from —40 to +70 C. The units are par­
ticularly suitable for use in missiles, portable 
equipment, telemetering, balloons, and other ap-

I n CANNON PLUGS

CANNON
ELECTRIC.

M F ELECTRONICS 
CO.-NEW YORK

Fig. 1. Stable 400 cycle multivibrator

Fig. 2. Schematic of tiny 400 cycle multivibrator
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Assemblies

Your electronic graphite problem—whether it be on 
production material or parts—can probably find fast 
solution in the technical service division at UNITED.
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We have been privileged, over the years, to have 
worked out successful solutions to innumerable 
graphite problems for many world-famous organi­
zations.

If you wish competent technical help concerning the 
use of graphites in the electronics field . . . combined 
with graphite products of the maximum density and 
purity ... we invite you to UNITED CARBON 
PRODUCTS CO., INC.

A simple, brief letter concerning your problem will 
put our technical service division at your confiden­
tial service—immediately. For further details 
write for special catalog section 757.

plications where reliability is of prime importance.
Circuit configurations currently available are a 

two-stage audio amplifier, three db down at 40 
cps and 60 kc with a minimum voltage gain of 
30 db; a 400 cycle multivibrator; a one-shot 
multi; a flip-flop which can be triggered at rates 
up to 20 kc; and a bootstrap sawtooth generator.

These minuscule assemblies are designed and 
manufactured with emphasis on reliability. The 
manufacturer, M F Electronics Co., 122 E. 25th 
St., New York 10, N.Y., includes testing as one of 
a major series of operations in their fabrication. 
The units are subjected to exhaustive tests, first 
at the mock-up stage, again prior to potting, then 
once again after the units have been potted and 
set for several days. In addition temperature runs 
are made on representative units to insure that 
the specified temperature requirements are met.

The 400-cycle multi, which may be used, typi­
cally, to drive a gate, act as a pulse source, or 
drive a counter, is shown in Fig. 1, and its 
schematic in Fig. 2. Critical components Rl, R4, 
Cl, and C2 are chosen to be the most stable com­
ponents available. 5 v peak to peak are avail­
able, using a 6 vdc supply providing 3 ma. Even 
niore impressive from the viewpoint of space 
economy is the three-transistor one-shot multi 
whose schematic is shown in Fig. 3.

These Lilliputian circuits are encapsulated with 
epoxy resin in drawn nickel silver cases, offering 
complete protection from humidity—even opera­
tion under water. The container measures 0.75 
in. h. x 0.717 in. w. x 0.312 in. t., and the complete 
assembly weighs less than one-third of an ounce, 
i or more information about these tiny circuits, 
turn to the Reader’s Service Card and circle 28.
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1 +gie (Ri+rb)+gOeR L+giegce (Ri+rb) R

Editors Note: Use of conductance curves1 for design­
ing electronic circuits has been the subject of many 
articles by Mr. Pullen. In this article he points out some 
interesting conduction ratios which can be used in the 
design of oscillators. Part I, which appeared in the July 
1 issue, discussed the design of vacuum tube oscillators 
using conductance values. Part II extends these tech­
niques to a variety of transistor oscillators.

TRANSISTORS are excellent active elements for 
low-power oscillators. High stability and almost 

unbelievable economy can be attained when tran­
sistors are used in design of oscillators. In Part I of 
this article, the principals involved in design of 
vacuum tube oscillators were analyzed in terms of 
practical problems of design. Conductance values 
were used in the analysis to coordinate the tube 
(active element) with other components in the cir­
cuit Design techniques were considered from a 
small signal point of view with emphasis on sinu­
soidal oscillators. The techniques developed in Part 
I will now be extended to include practical design 
problems of transistor oscillators.

The factors which are important in design of 
transistor oscillators are: (1) the active element 
functions best when used in a voltage control, or 
conductance mode. (2) Impedance of passive cir­
cuits coupled to the input terminals of the active 
element should satisfy the relation gZ<l at the 
appropriate port or terminal pair. ( g is conductance 
of the active device, and Z source impedance of the 
passive circuit). (3) Loading of the feedback net­
work should have a negligible effect on the output 
voltage of the active device. ( 4) Loop amplification 
should exceed unity for proper starting. (5) When 
good frequency stability is necessary, circuit feed­
back must be sufficiently small to prevent amplitude 
limiting as a result of clamping.

Each of these requirements are elaborated upon 
in the discussion which follows.

Operating Conditions

The first step in the practical design of transistor 
oscillators is establishment of operating conditions 
which will provide amplitude limiting. The high 
degree of current gain constancy in transistors pro­
hibits the use of constant current conditions—start­
ing is too hard to obtain in sinusoidal oscillator 
circuits. Amplitude control is readily obtained when 
the transistor is used in a conductance mode of 
operation (constant input voltage). Thermal sta­
bility requires that either base or emitter current 
be held approximately constant. Base current is held 
constant when a common emitter connection is 
used. Emitter current is held constant with a

Design of Oscillators—II

grounded base connection. It is for this reason that 
starting base current is call Ib0 and the starting 
emitter current Ie0 in this article.

Equations for voltage amplifications* in terms of 
small-signal parameters measured at the common 
emitter connection for grounded emitter and 
grounded base transistor amplifiers are:

D]-(gie+gfe) (Ri+rb)-\-goe R

C2

Fig. 1. Colpitts oscillator. 
An SB-100 transistor is used 
in 5 MC oscillator.

Fig. 2. Characteristic curves for SB-100 transistor with limit contours.

Two conclusions can be drawn from these equa­
tions: the first is that if R, (or rb) is sufficiently 
large, variations of Kv are difficult to obtain since 
Rl and Ri are constants; the second is that available 
values of amplification are relatively small.

Input admittance of a transistor is rather large 
compared to that for a tube. The reason is evident 
when the significance of gie is considered. The de­
sign technique used to compensate for capacitive 
charging current in the input circuit of a tube is 
to arrange the input circuit to provide the required

♦Notations used in the equations are described in the 
transistor data chart.
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lunging current without upsetting impedance re­
gions. The same technique may be used with tran- 
istors.

Input conductance of a grounded emitter transis­
tor is approximately equal to gie, and for a grounded, 
base transistor it is approximately (gie + gfe). Com­
plete equations for input admittances of common 
emitter and degenerative emitter amplifiers are:

(l+<7« Rl)________  ___

1 {Ri-}-rb)-\-goe RL-FgieQce (Ri+Tb) Rl

Vie [14-0ce (Re + RL)]

1 4"0»e (Ri4~TbA~Re)4~(gfe~Fgoe) Re~\~Qoe R L + gieQce 

[(RArb)^(Re+RL)yRe Rl\ (4)

Equation 4 is of particular importance in the design 
of phase-shift oscillators. XVithout emitter degenera­
tion input admittance can not be made sufficiently 
small to function with the phase-shift network.

Colpitts Oscillator

Design procedures discussed in the first part of 
this article* * will now be applied to a transistorized 
Colpitt’s oscillator (Fig. 1). The following relations 
apply in a well-designed oscillator. For the output 
circuit:

^Zl<1 (5)

and the input circuit:

g,r Ri = Ci) -ZL < 1 (6)

♦♦Design of Oscillators-1, Electronic Design pp. 52 to 
55 July 1, 1957

, 1957
Fig. 3. Operating limits along the load line give the same average base current as that 
chosen at the starting point and equal positive and negative excursions of the base voltage.

Feedback gain is:

Kf = (\/(\ (7)
and the loop gain is approximately:

Rl = K Kf = gf, Zl ((\/( \ 1 (8)
For oscillation to start, the terms in (8) should be 
selected so that the product is equal to at least 1.5. 

A 5 me transistor Colpitts oscillator will be de­
signed to illustrate equations 5 through 8. The tran­
sistor selected is an SB-100 (Fig. 2). A trial collector 
supply voltage of — 2v with a collector current of 
0.5 ma is used as starting point for design. Since 
gie has a value of 550 micromhos, (Cf/Ci^ZL must 
have a value of about 1,000 to satisfy eq. 11. Taking 
Cg/Ct = 0.1, gives value of ZL in the neighborhood 
of 2500 ohms. Since the value of gfe at the starting 
point is 0.018 mhos, a value of 0.05 for Cg/Ct and 
2000 ohms for ZL gives a K Kf of 1.8. The approxi­
mate impedance of the circuit which supplies the 
base is (0.05)2X2000, or five ohms. A typical value 
for gne is 60 micromhos. Substituting in eq. 5 gives 
goe ZL = 0.12, indicating that the effect of collector 
loading can also be neglected.

Assuming a Q of 100 for the overall tuned circuit, 
the reactance of the collector circuit is 20 ohms, 
giving a capacitance Cg of 1600 jqifd, and Ci = 
3200 mifd. The required inductance L is 0.67 
microhenries.

The next step is to plot limit contours on the 
transistor characteristic curves, Fig. 2, and locate 
the amplification limit conditions. Operating limits 
along any load line are determined by finding the 
set of points which will simultaneously give the 
same average base current as that chosen at the

Fig. 4. Crystal oscillator. 
Operating in series reso­
nant mode. Variable 
capacitor Ct trims the 
phase of the feedback. 

starting point, and a positive excursion of the base 
voltage equal to the negative excursion, Fig. 3.

Two points are taken along the load contour 
drawn on the base family. The points represent 
equal changes of base voltage, one positive, AV bp, 
and the other negative AVbn.

AX bp + AX bn — 0

The base current is averaged by the equation:

Iba ~ (I bp 4" 2/b, -T I bn) / 4 (9)

where I bp is the most positive base current, ha the 
base current at the intersection of the static and 
dynamic load lines, and hn the most negative base 
current. This equation is valid as long as the sum of 
Ibp and Ibn is approximately twice h8, If this condi­
tion does not exist, a more complex method of aver­
aging is required. The current ha has a smaller 
magnitude than ho, the starting base current. Either 
hP or hn must be very large, otherwise the average 
will not limit to a value of ha equal to ho, Trial 
changes in base voltage amplitude are increased un­
til the proper value of ha is obtained. The resulting 
points represent the positive and negative limits 
along the individual load contour. The calculation 
may be repeated along each load line.

XVhen the limit contours have been located and 
plotted, loop amplifications at the static point and 
at the limit points can be calculated for each of the 
load contours. The average amplification, assuming 
that no sharp breaks in the plot of K as a function of 
eb are encountered, is given by the equation:

Ka = (Kp 4- 2 Kt -f- Kn)/4 (10)

and the loop gain by

Ka Kf = Kl (11)

As always with oscillators, the load contour giving 
a value of unity for Kl, is the one which represents 
the limit cycle.

The limit contours shown in Fig. 2 show that the 
operating point has not been properly selected (or 
the wrong load impedance has been selected), caus­
ing the transistor to cut off for part of the cycle. The 
average amplification for the load line at which the 
minimum base current reaches zero is 1.4, indicating 
that eq. 10 does not give accurate results. Linear 
operation can be obtained by changing the value 
of Kf from 0.05 to 0.033 or changing both Kf and Zl 
to provide better characteristics.

Crystal Oscillator

An excellent crystal-controlled oscillator can be 
constructed using the SB-100 transistor. The circuit 
is shown in Fig. 4. The crystal is used in the series 
resonant mode and has the variable capacitor Cf in 
series with it to trim the phase of the feedback. A 
coil in parallel with the crystal is used to tune out 
the shunt capacitance of the crystal and its holder.

XVhen a transistor is used as a grounded base

ELECTRONIC DESIGN • July 15, 1957



Millivac established its leadership in the field of 
sensitive DC VTVM’s in 1948 when we introduced the 
world’s first high impedance millivoltmeter for DC, the 
MV-17 A, forerunner of the present MV-17 C. It had a 
lowest range of 0-1 mV, at 6 megohms input impedance. 
Since then we have steadily improved our DC meters. 
Our latest model, the MV-27 C, is 4 times more sensi­
tive than the original instrument (0-250 uV, 6 meg).

These instruments are available in portable or rack­
mounted form, also with or without circuitry to drive 
recorders, with or without insulated dummy ground 
as well as for regular 60 cps line operation or for odd 
line frequencies (50 cps-500 cps, 117V).

Over 10,000 of these meters are now in general use 
throughout the world. If you are not yet familiar with 
the MV-17 C or MV-27 C, write for complete literature.

oscillator, an impedance stepdown (current stepup) 
is required to provide the current gain needed to 
make the necessary emitter signal current available. 
The very low input impedance of the emitter also 
makes a voltage step-down necessary. Maximum 
turns ratio in the inductance L is given by:

ni/no = gfe ZL/\1 + (gie + gfe) ICY (12) 

where Rx is the series resistance of the crystal, nt 
is the total number of turns in L, and n0 the number 
of turns from the collector supply to the feedback 
tap. A ratio value about half the maximum given by 
eq. 12 should be used to assure effective starting 
with average transistors. For a crystal having a 
series mode resistance of 100 ohms, a typical value 
for the complete denominator would be between 
ten and twenty, since (gie + g/e) has a value be­
tween 0.02 and 0.03 mhos. The maximum value of 
the ratio njno is between two and twenty, depend­
ing on the crystal used.

Current limiting in a grounded base oscillator is 
obtained in a manner similar to the method de­
scribed for a Colpitts oscillator except that limiting 
is on the emitter current instead of the base cur-

rent. Exactly the same technique is used to average 
the emitter current, which is the sum of the base 
and the collector currents. The limit points are 
points having equal changes of base to emitter volt 
age with reference to the static voltage. (If the 
crystal impedance is very high, the emitter current 
changes will be equal rather than the voltages).

An oscillator can be built around the static con­
ditions used for the Colpitts oscillator just discussed. 
With Z£ = 2000 ohms, and resistance of the crystal 
50 ohms, the feedback ratio should be approximately 
four. Use of a coil with several taps is desirable, 
since measurement of the series resonant resistance 
of the crytal is quite difficult with ordinary equip­
ment.

Magnetic Coupled Oscillators

Transistorized oscillators using magnetic coupling 
in the feedback path are constructed with the tuned 
circuit in the collector rather than in the base cir­
cuit. Otherwise oscillator starting and frequency 
stability will be difficult to obtain. Impedance of the 
base coil, Lb in Fig. 5, is adjusted so that gie Xb <1, 
where X& is the reactance of the base coil Lb. Cou-
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MILLIVAC INSTRUMENT CORP.
BOX 997. SCHENECTADY. N. Y.

Fig. 5. Magnetic coupled 
oscillator: Coupling is ad­
justed to provide the re­
quired unity loop gain at 
the desired operation level.

Lb

(a) Fig. 6. Determination of 
coupling coefficient: (a) 
Required coupling ca­
pacitance is added be- 

(b) tween the "Hi" terminal 
and ground, (b) After 
tuning the circuit is re­
connected as shown.
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Fig. 8. Characteristic curves 
for a GT 948 transistor with 
limit contours.
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Western Electric Equivalents
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lately
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Since the forward amplification

Coupling Adjustment

COILS

181B

Transistor R-C Oscillators Reference

23A

AUDIO DEVELOPMENT COMPANY

CIRCLE 36 ON READER-SERVICE CARD FOR MORE INFORMATION

L3A 
L4A

146 A 
146U

LSA 
16A

where X- is the reactance of the capacitor C, and 
Q is the overall Q of the collector circuit.

The approximate input conductance for a de­
generative transistor amplifier (gie and gfe >> g0 
and gce) is:

the loop amplification, assuming proper termination 
on the ladder is:

ADC 
A9101
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Transistor R-C oscillators are more difficult to de­
sign than their vacuum tube equivalents because 
of tlie relatively high values of gie characteristics of 
transistors. As a consequence, a design which may 
appear to be excellent on paper may not function 
properly even when loop gain and phase appear to 
be correct. A circuit, such as shown in Fig. 7, re­
quires considerable emitter degeneration to func­
tion as an oscillator. Without the four-section ladder,

input and output loading become difficult to design 
problems.

Collector load impedance should not be greater 
than 1500 ohms with a GT-948 transistor operating 
at point A, Fig. 8. Since forward conductance of the 
transistor is 0.075 mhos at point A, the maximum 
permissible value of Re is 82 ohms. Amplification is 
therefore about 15. Emitter resistance also increases 
the input impedance of the transistor through 
emitter degeneration.

Experimental adjustment of the coupling can be 
accomplished with a Q meter. First the collector 
inductance L is connected to the Q meter, Fig. 6a, 
and the required capacitance obtained by adding 
fixed mica capacitors between the “HI” terminal 
and ground to tune the circuit to the proper fre­
quency. (At one megacycle a C of about 5600 p|ifd 
is required). The Q of the combination is read, and 
the circuit reconnected as shown in Fig. 6b. The 
position of the coil Lb is adjusted until the new read­
ing on the Q scale satisfies the relation:

con- 
issed.

2835 13th AVENUE SOUTH • MINNEAPOLIS 7, MINNESOTA 
TRANSFORMERS • REACTORS • FILTERS • JACKS I PLUGS • JACK PANELS

pl g is adjusted to provide the required unity loop 
ga at the desired operation level.

3 he main design advantage of a magnetic 
coupled oscillator is the additional degree of 
freedom—the coupling factor. The reactance in the 
base circuit is first adjusted to be small compared 
to the input conductance. Inductance of the base 
coil should also be low enough so that cotL&C6<O.2, 
where (D is the angular frequency at which the 
oscillator operates, Lb is the inductance, and Cb is 
the capacitance of the base circuit, including, if 
necessary, the effective capacitance from base to 
collector.

The impedance level of the tuned circuit serving 
as the collector load impedance should be suffi­
ciently small to permit stable operation. A practical 
value is 2000 ohms. The equation for this relation 
is written:

As a result, the effective value of gfe is reduced by 
13 by the feedback net. lowering correspondingly 
the permitted value of gie; A correspondingly larger 
value of beta is required in a transistor for a phase­
shift oscillator.

The ladder network must simultaneously have 
negligible effect on the load impedance in the col­
lector circuit, and an output impedance which is at 
most equal to the input impedance of the transistor. 
If input conductance of the transistor is used as the 
output shunt element of the ladder, the input resist­
ance of network reduces the load impedance j’ust 
enough to give a marginal operation w ith transistors 
having betas less than 100.

Design of oscillators using transistors is slightly 
more complicated than with vacuum tubes. For low 
power requirements the excellent results obtained 
are easily worth the effort. As was pointed out in 
the opening paragraph, transistors are highly stable 
elements and offer considerable savings in equip­
ment cost.

ADC
A10127 
A9100

The Western Electric Company has announced that they will no 
longer supply a number of their components Io manufacturers. 
You are invited to make ADC your dependable quality source 
for these parts and to discuss your requirements for similar 
components with ADC.

ADC
Al0702 
A10703

ADC
PJ103 
PJ104

ADC
PJ105 
PJ106

PATCH CORDS
ADC can supply a variety of two 
and three conductor cords com­
plete with PJ1, PJ3, and PJ5 
plugs. lengths up to six feet 
available from stock.

WE ADC 
240C A9102

uned 
e cir- 
lency 
)f the

ADC WE
A10129 3O7P 

189D

Ka = gfe Zl > 1/Kf (15)

oscillation will result. (At very high frequencies gfe 
may be reduced below the de value, with the result 
that near cutoff frequency Kf may have to be larger 
than calculated).

JACKS
ADC offers equivalents for 
almost all 2 & 3 conductor long 
frame telephone type jacks.

Design of Oscillators-Part I, K. A. Pullen, Jr. Elec­
tronic Design, July 1, 1957, pp. 52-55; Designing 
Cathode-Coupled Amplifiers with Conductance Curves, 
K. A. Pullen, Jr., Electronic Design, Jan. 15, 1956, pp 
24-27; Designing Cascode Amplifiers with g-Curves, 
K A. Pullen, Jr., Electronic Design, May 1, 1956, pp 
26-27; Transistor Contour Curves, K. A. Pullen, Jr., 
Electronic Design July 1, 1956, pp 40-43; Design Tech­
niques Using Conductance Curves, Pentode Degenera­
tive Amplifier and Cathode Follower, K. A. Pullen, 
Jr., Electronic Design, Oct. 1, 1956, pp 32-35; Oscillator 
Design Techniques Using Conductance Curves, K. A. 
Pullen, Jr., Electronic Design, May 15, 1957, pp 34-37.

Kf = Qb/Qc (14)

where Qb is the reading with Lb connected to the 
Hi terminal (Fig. 6b), and Qc the reading when 

the tuned circuit L-C is connected to the “HI” ter­
minal, (Fig. 6a). If, after the adjustment is made, 
the transistor gain satisfies the relation

IN STOCK AT (ADC

WE ADC WE ADC WE ADC WE ADC
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Vital to Semiconductors!

High Speed
Analog-to-Digital and Digital-to-Analog

Converter

New alloying techniques 
have been developed which 
eliminate possibilities of ox­
idation and contamination.

1
Modem precision equipment 
is used for rolling, extrud­
ing and punching.

Alpha UHP*ultra 
high purity metals Precision devices for accur­

ate inspection are part of 
our standard equipment.

what are they -and what do they mean to
SEMICONDUCTORS?

CALIBRATION VOLTAGE 
C

Multiplication and division can be 
performed during conversion of informa­

tion from analog-to-digital and digital-to-analog 
by the Multiverter. Speeds in excess of 15,000 per 
sec for analog-to-digital conversion and 300,000 
per sec for digital-to-analog conversion are pos­
sible. Accuracies of better than 0.01 per cent can 
be obtained. In systems that require multiplica­
tion or division of analog and digital functions 
the converter will perform the operation directly, 
eliminating additional equipment.

The Multiverter, developed by Packard-Bell 
Computer Corp., Los Angeles, Calif., is the first 
commercially available high speed converter to 
be fully transistorized. The principles involved in 
design permits the construction of digital-to-ana­
log converters which are about the size of a pack 
of cigarettes. At the electronic speeds with which 
the Multiverter operates—over 15,000 analog-to- 
digital conversions per sec and 300,000 digital-to- 
analog conversions per sec—the 0.01 per cent ac-

The performance of semiconductors are vitally effected 
by small bits of rare metals such as INDIUM, GAL­
LIUM, ANTIMONY, ARSENIC and others, which 
must possess the highest degree of purity... be criti­
cally close in tolerance ... and offer complete alloy 
uniformity.
Alpha, a pioneer in high purity metals, offers all of the 
metals and their alloys, commonly used in semi­
conductor manufacture, in a complete range of uniform 
sizes and shapes. All pellets, discs, washers and spheres 
are processed from metal approaching 99.999 in purity. 
Whether you are interested in Alpha’s semiconductor 
UHP products for experiment or production, they are 
available to you in minimum quantities and any shape 
or alloy that suits your needs.

A
B

ANALOG

TRANSDUCER 
OUTPUT

A-------- MULTIVERTER - -y DIGITAL

Fig. 1. Multiverter used for reading trans­
ducers. Calibration voltages B and C may 
represent temperature, barometric pressure 
or any other correction that must be ap­
plied to transducer output.

B
CALIBRATION VOLTAGE

REGISTER

Other ALPHA Products
Cored & Solid 
Wire Solder,
Wide Range of Fluxes 
Soft Solder Preforms

‘Trade Mark
IN CHICAGO, ILL. ALPHA-LOY CORP. (Division of Alpha Metals)

CIRCLE 37 ON READER-SERVICE CARD FOR MORE INFORMATION
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56 WATER ST., JERSEY CITY. N. J. • HEnoirson 4-6778

Write Dept. SG 
for our latest 

literature .... 
INCREASING YOUR 
SEMICONDUCTOR 

YIELD"

aY|
<— MULTIVERTER

aY2
MULTIVERTER MULTIVERTERj

(a) (b
Fig. 2. Employment of Multiverter in a control system.
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0.75 db
15 <lb
60 db

1000 watts
1.5 : 1

50 ohms

C OCONDENSERD I O

9.

ages.

of conversion.

turn to the Reader’s Service Card and circle 38.

temperature range

CABLE: MINTHORNE

t ¡racy of the rack-mounted version is better than 
a v previous converter. Greater accuracy has 
bt en obtained before, but only with relays or
other electro-mechanical devices.

When used to convert a number n to a voltage,
th- product nx is formed simply by supplying the
ariable voltage x. When used to convert a volt-

a<»e fl to a digital number, the quotient a/v in
digital form is effected by supplying the unit with

cond voltage v. Multiverters are also avail-
able which will form aw as a voltage where w
is a third variable voltage input.

The importance of being able to perform mul­
tiplication and division in the process of con­
version can be gauged by considering Fig. 1 &

Fig. 1 is a configuration that occurs in the read-
ing of transducers. B and C are calibration volt-

They may represent temperature, baro­
metric pressure or any other correction that must 
be applied to the transducer output. An ana­
logous situation—not shown—arises in employing 
an analog plotter for plotting digital information.
The converter in this case can introduce scale 
changes and other corrections during the process

Fig. 2 illustrates the employment of the Multi-
verter in a control system. Common practice in 
an analog control system is to produce some of the 
outputs as shaft rotations and to couple to each
shaft several potentiometers to effect a series of 
multiplications Fig. 2 (a).

Often a digital computer is used to replace a 
portion of the control system. When multiplica­
tion is to be performed digitally and the result 
take the form of a control voltage, two conver-
sions are necessary. A single conversion and an
analog multiplier are required when the multipli-
cation is performed analogwise. In addition to 
eliminating the difficulties involved in conversion
and multiplication, the Multiverter permits a
digital output and an analog voltage to be mul-
tiplied directly Fig. 2 (b).

Accuracy requirements of most computing sys­
tems vary inversely with the frequency content of
the data. This is because the contribution of
higher frequencies to the over-all operation is
proportionally small in most physical svstems.
Since speed and accuracy can be interchanged in
the Multiverter, it will adjust to varying speed
and accuracy requirements. This is particularly
important in incremental conversion. Speed can
be increased by a factor of several hundred in
those portions of a solution where onlv low accu-
racies are needed. Because the adjustment of ac-
curacy to frequency can be automatic, it is pos­
sible to use a single converter for both high and
low frequency regions without manual interven-
tion. For further information on this converter,

1957
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low pass filter squeezes max. performance into min. space

It s not a short step from miniature r-f tuning devices to

cubic inches’

application wherever space is a problem. Outstanding
insulation resistance, “Q”, and thermal stability make
miniaturization a much easier job, on filters, i-f trans-
formers, printed wiring boards, and conventional chassis
of every description.

Originally designed for defense effort use, this filter is
now in quantity production at R/C ... and modifications
are available to meet special performance requirements
as they arise.

Additional information on R/C low pass r-f filters is
provided in Engineering Bulletin FL-462. Trimmers are
covered in Bulletin TR-123. Both are available on
quest to Radio Condenser Company.

miniature r-f filters. But without R/C’s quarter-century
of tuning device experience, the low pass filter illustrated
might never have been built. Low insertion loss from 200
to 400 me is often combined with rapid attenuation above
400 me . . . but rarely in a space measuring just under 4

R/C low pass filters owe their small size to a unique
capacitor, the Series 75 air dielectric trimmer recently
introduced by Radio Condenser. Perhaps the smallest
air trimmers ever made in the U.S., they’re finding wide

Electrical Specifications
max. insertion loss, 200-400 me
min. attenuation, 450 me and above
min. attenuation, 1000 me and above 
max. rated power
pass band SWR
impedance, input and output

Physical Specifications
size over-all

—55 to 4-85 C

Davis & Copewood Streets Camden 3, New Jersey
EXPORT: Radio Condenser Co., International Div., 15 Moore St., N.Y. 4, N.Y.

CANADA: Radio Condenser Co. Ltd. 6 Bermondsey Road, Toronto, Ontario

l"xl"x4" approx.



Norman B. Saunders 
Circuit Engineering Consultant 

Weston, Mass.

Setting Up the Curve Tracer

The full face of the oscilloscope should be 
checked for linearity and calibration by using the 
internal calibration circuits of the tracer. Check of is

C(

itibi 
quii 
ing 
of t< 
the 
tran 
tun 
else

Fig. 1. A transistor analyzer show­
ing the controls for biasings, etc. 
not found on a simple curve tracer.

Using A Curve Tracer for Transistor Circuit Design

A TRANSISTOR curve tracer supplies stepped 
input current and swept output voltage to the 

device under test. It uses an oscilloscope face to 
compare families of curves with a calibration grid. 
It is superior to other methods of measurement in 
that it checks transistors over the full range of their 
characteristics giving more data, more accurately, 
faster, and with less chance of damage to the tran­
sistor if the tracer is properly designed and used.

Good circuit design requires that biases applied 
to the transistor be no larger than necessary to 
handle the expected signals with adequate margins. 
But at small biases gain goes down, feedback goes 
up, and distortion is introduced. The biases to give 
a reasonable compromise are determined on the 
collector family plot of the curve tracer. The rela­
tions are expressed quantitatively. The collector 
family curves are also used in determining cutoff 
current variation with voltage and the constant and 

■ temperature dependent portions of this current. 
The exponential relation between junction volt­
age and current simplifies some of the measure­
ments and makes others almost unnecessary. The 
small signal coefficients are read on the displayed 
curves by slopes or intercepts. Translation of the 
display facilitates this.

A transistor analyzer is a curve tracer with input 
and output biases also supplied. The controllable 
biases allow interpolation between the steps and 

sweeps and permit direct reading of the small 
signal coefficients as on a meter. At frequencies high 
enough for reactive effects to be significant, the 
alternating current measurement is necessary for 
accuracy. The biases from the analyzer are also 
used to power a breadboard of the stage as de­
signed for check of the design.

The data taken with the curve tracer is adapted 
to design by the method of successive approxima­
tions. Ln general, as the coefficients become difficult 
to measure they become unimportant in practical 
application. The complete consideration of the 
effect or reverse (feedback) voltage ratio is too ex­
tensive to be treated in this paper.

The manufacturer’s published data on transistors 
has a limited number of coefficients given, usually 
at one bias or other parameter value. The range of 
the individual coefficients is seldom given. A tran­
sistor analyzer is generally the best instrument to 
supply the additional data necessary to design the 
individual transistor stage. A tracer having a full 
calibration grid is more accurate than the inexpen­
sive transistor tester, and faster in a survey of the 
operating area than a precision small signal tester. 

just two axii across the face of the oscilloscope is 
inadequate to show up some of the weird types of 
deflection found too often even in the best of oscil­
loscopes. The cathode ray tube acts as an interpo­
lating surface and a transfer device between the 
transistor curves displayed and the calibration grid. 
The scopeface calibration need only be made once 
a day and takes only a few seconds. The check of 
the origin (no deflection voltage in either direction) 
should be made every few minutes because most 
all oscilloscope amplifiers show appreciable zero 
drift.

The tracer should be set to limit the power into 
the transistor that is to be tested to its rated or 
other safe value. This protects the transistor having 
unexpectedly high leakage current or current gain, 
and also that incapable of withstanding normal 
voltages. If the tracer is capable of supplying the 
large power needed to test some transistors, only 
the operator can be sure it is set so as to protect 
those with lesser capabilities.
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The Small Signal RC Coupled Stage
It is possible to operate a transistor just at the 

bias values at which the manufacturer choses to 
give its characteristics, but for small signal work 
this is seldom advisable. Power generally needs to 
be conserved to lengthen the life of the battery 
supply. Even wTith unlimited power available, lim-
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Fig. 2. Curve tracer display of collector current at 1 ma/cm 
as a function of collector voltage at 02 v cm. Input current 
of 10 pa per step to a GT 92 transistor with common emitter. 
Note how the current gain beta falls below 100 at voltages 
below 200 mv.

shown in Fig. 5 together with the saturation 
current, Icbs, and the common emitter cutoff cur­
rent I ceo* The scale for the latter is ten times that 
of the others. Note that I cbo consists of a constant 
portion plus a portion increasing linearly with volt­
age plus a portion increasing almost exponentially 
with voltage. The constant portion Icboo may be 
measured at small voltages, is the current that 
should theoretically flow, and is the component 
that doubles every nine Celsius degrees. The pro­
portional current II is measureable by the slope on 
the display of the curve tracer and varies but little 
with temperature. This is the leakage current. 1 he 
curve tracer allows these components of Icbo (Ico) 
to be determined separately so that its value at any 
temperature and voltage can be forecast by the

itii i the power into the stage to the amount re­
quired is good design procedure. It limits the heat­
ing within the transistor, and increases the range 
of t< inperatures over which the circuit will operate, 
the stability of the circuit, and the life of the 
transistor. The desirability of keeping the tempera­
tun low to minimize lco is adequately discussed 
elsewhere.

On the other hand, operation at miniscule powers 
is seldom advisable. At low currents the current 
gain of the transistor is quite small, and it is also 
small at low’ voltages. Note the region below 0.2 
volts in Fig. 2. Furthermore, the high frequency 
performance suffers. In Fig. 3 the apparent alpha 
cutoff frequency is plotted against collector voltage 
at two current levels. The apparent alpha cutoff 
frequency is taken as the common emitter current 
gain multiplied by the frequency of its measure­
ment where the frequency of measurement is so 
chosen that the current gain is greater than unity 
and less than half of its low frequency value. Such 
an estimate may be low’ by one part in ten. The 
collector capacitance also increases at low voltages 
thus reducing high frequency power gain. Fig. 4, 
which shows the collector susceptance, was made 
with an adapter for the BCT 300 which allows 
measurement of the high frequency small signal 
output and reverse transfer coefficients ho and hr.

The maximum peak signal excursion is an obvious 
limit to the reduction in bias that is permissible. In 
the RC coupled stage the greatest distortion is 
probably introduced where the signal is from a 
voltage source. The distortion arises because of the 
exponential characteristic of the input impedance 
of the transistor. For a signal of ten millivolts peak- 
to-peak the second harmonic at the output is one­
fifth of the signal or 0.2 fractional and the third 0.08 
fractional. The fraction of second harmonic de­
creases directly as the signal decreases, while that 
of the third decreases as the square of the signal.

The first purpose of the transistor curve tracer is 
to set forth the family of collector-current collector­
voltage curves so that an operating region and bias 
point can be selected to give a reasonable com­
promise between these conflicting demands. As the 
preceding photographs show, the curve tracer al­
lows one to pick an operating point such that any 
desired fraction of the possible current gain or 
other criterion is achieved. A more useful selection 
of the operating point is based upon an allowance 
for operating point or characteristic shift, say by a 
factor of two, in any direction. From the plots on 
the curve tracer the bias boundaries for the mini­
mum performance of the stage are determined. The 
operating point is then chosen to differ from the 
bias at these boundary-of-performance points by 
the safety factor (see references 1 and 2).

The collector cutoff current Icbo (see reference 3) 
1S given by the curve of collector current versus 
collector voltage with the emitter open. This is

When the collector cutoff current is too small to 
measure with the oscilloscope or meter at hand, it 
can be measured indirectly. The transistor is put 
into the common emitter connection and reverse 
base current applied and increased until the col­
lector current no longer decreases at the voltage of 
interest. The collector current and base current are 
now each very nearly equal to the collector cutofl 
current. The value is read from the dials setting the 
input current to the transistor under test. With sili­
con transistors, and a few germanium units, the 
constant portion may be found more easily by cal­
culating it from the saturation current. Icboo = Icbs 
(l-hP0hRFO) The saturation current, if not measure­
able directly, is determined from the fact that it 
increases tenfold for each input bias voltage in­
crease of roughly 60 millivolts. With the Norden­
Ketay BCT 300, thermally compensated resistors to 
set multiples of this voltage into the base are avail­
able. The transistor is measured in the inverted con­
nection to put the applied bias across the collector 
junction. Ten or 100 milliamperes of nominal input 
current are applied to the resistor to produce the 
junction voltage giving the appropriate multiple of 
collector current. The output current is read, with 
its decimal shifted appropriately, as the saturation 
current Icbs* This method is a last resort; as it be­
comes most useful it also becomes most sensitive 
to voltage bias errors. The exponential relationship 
between junction voltage and current that makes 
this method of measurement possible also causes 
the error sensitivity.

The exponential relation also determines the large 
and small signal input impedances. The input bias 
voltage is proportional to the logarithm of the 
ratio of the operating emitter current to the emitter 
diode saturation current. The input bias voltage at 
the operating current is read with the curve tracer 
by switching to the display of input voltage.

With the curve tracers having a floating sweep 
voltage power supply, proper termination for the 
hybrid coefficients ho and hr will generally exist 
Proper termination for measurement of h, and hf

K>ina

40MHz

IOV20V

Imc

2.0 VOLTS

Fig. 3. Collector current at 1 ma/cm and collector voltage 
at 1 v/cm. A GT 764 with 100 ua peak to peak at 1 mc per 
second applied to base superimposed on two fixed input 
biases and collector voltage sweep. Emitter is common. The 
indicated frequency of alpha cutoff at 8 v is approximately 
40 MHz.

Fig. 4. Collector family for GT 222 with 1 v p-p of 1 MHz 
applied to the collector. Common emitter. 500 jia/cm and 
2 v/cm.



requires a collector load resistance that is small. The 
load resistance is satisfactory when (for full display 
of the collector characteristics) the sensitivity of the 
oscilloscope for the current axis is one hundred 
times as great as for the voltage axis.

Small Signal Coefficients
Next the small signal coefficients are determined 

in the vicinity of the chosen operating or bias point. 
The forward current gain is determined directly 
from its definition as the increment in collector cur­
rent for a unit increment of base current at a con­
stant collector voltage. At the voltage under con­
sideration, the increment in collector current is 
read directly on the face of the oscilloscope. If the 
deflection system of the oscilloscope is uniform and 
linear, the pattern may be offset for convenience in 
reading. This is shown in Fig. 6. Restore the no­
signal display point to the zero-zero scale point 
immediately after reading.

Reading of the small signal current gain at a 
given operating point can be made more simply or 
more accurately by the use of an analyzer. See Fig. 
1. With this, the stepped and swept biases are re­
moved and potentiometers used to set in biases to 
the chosen operating point. A smaller increment of 
stepped input current can now be superimposed, or 
a power frequency sine wave, or an alternating 
current wave of most any form at the frequencies of 
interest (superimposed from an external oscillator). 
High gain ac coupled amplifiers may now be used 
in the indicating oscilloscope or voltmeter. The 
alternating current is calibrated by switching it 
directly into the precision load resistor instead of 
through the transistor. The gain of the system is 
adjusted to give unit indication. A flick of the 
switch and the transistor is inserted into the circuit 
between the voltage dropping resistor and the load 
resistor, so that the meter now reads the current 
gain. These alternating current techniques are 
necessary where the heating of the transistor at its 
operating point causes drifts that would invalidate 
the curve-to-curve measurements, and also where 
the frequency of interest is high enough so that the 
transistor’s coefficients differ from their low fre­
quency and direct current values.

Cascaded RC Coupled Stages
In cascaded RC coupled stages the overall cur­

rent gain is but little less than the product of the 
current gains of the individual stages. The amount 
by which the current gain of each cascaded stage 
falls short of the transistor current gain can be ex­
pressed by a correction factor, F, multiplying the 
current gain, B, of the transistor. The overall cur­
rent gain of a four stage amplifier is then 
BiFiB2F2B3F3B4F4. Other loading effects and losses 
can be similarly accounted for. This is the method 
of successive approximations. The first approxima­
tion to the gain of the amplifier is the product of 

the current gains of the individual transistors. For 
the interstage coupling the second approximation 
correction factor is factored into that existing be­
cause the collector load resistors are only finitely 
larger than the input impedance of the following 
stage and that existing because of effects contribut­
ing still smaller losses. The third approximation is 
in the assumption that the output impedance of the 
transistor is large relative to the load resistor, RL, 
and the input impedance in the same interstage 
network. The correction for this approximation is 
often unnecessary and the correction for the resid­
ual losses is usually unnecessary. It is easier to cal­
culate the corrections separately and insert them 
if they are large enough to warrant than it is to 
solve the complete network equations. The factor 
F2 in the above example is then made up of

(1/h.)F

[0

Input Impedance
At low frequencies the input impedance of a 

transistor is most easily found by calculation. For 
either base or emitter input the resistance is given 
by the thermal voltage divided by the input cur­
rent. (proof supplied on request). The thermal 
voltage V# is defined as kT/q and is about 25 milli­
volts at room temperature. In the common emitter 
connection the collector cutoff current is part of 
the input current to be used in this calculation, and 
must be added to the external input current. The 
input current is best found by dividing the collec­
tor current by the current gain. The transistor in­
put resistance is then given by; hi=Vehf/Ic. The 
curve tracer is used to check this value by setting 
the display to show the transistor input voltage Vj 
and stepping the input current. The input voltage 
increment for unit input current increment at con­
stant output voltage is by definition the input re­
sistance, hi. This may be difficult to read on the 
face of the oscilloscope or may be wanted at a 
frequency at which it is different from the de value. 
The methods used for hf apply here with the sub­
stitution of input voltage for output current. The 
analyzer is particularly useful if a measured value 
of h, or ho is desired.

Output Impedance

The correction for the output impedance being 
less than infinite requires the measurement of it. Re­
stated in terms of the hybrid coefficients, “the cor­
rection for the output admittance being greater than 
zero.” The small signal ouput admittance is the in­
crement in output current for a unit increment in 
output voltage with the input current held constant. 
The measurement is made on the family of collec­
tor current as a function of collector voltage curves.

The measurement is made along the tangent to the 
curve of constant base current passing through the 
point of interest. See Fig. 6. The portion of the 
curve intercepted by a unit increment of collector 
voltage is noted and the increase of collector current 
from one end of this segment to the other is the 
output conductance h0. One saving factor for the 
curve tracer is that as this measurement becomes 
more difficult to make because of the small size of 
it, the need for accuracy in the measurement de­

Fig. 5. Collector family GT 222 with 10 ua/cm for ICbo 
and Icbs but 100 |La/cm for ICeo- For all, 10 v/cm. Collector 
cutoff current i* the smallest of these three. Subtract 1 ga/10 
v from all curves to allow for the input conductance of the 
oscilloscope.

Fig. 6. Offset of the zero point for ease in reading small 
signal values by increments.
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creases. The correction factor for it approaches 
unity’. If a measurement is essential in any case, the 
analyzer allows it to be made by applying steady 
input and output biases to put the transistor at the 
operating point. A small sweep voltage is superim- 
p< >ed on the collector bias voltage and the collector 
current that results observed.

Observing the input voltage under these condi­
tions gives the reverse voltage transfer ratio hr. The 
foregoing design procedure has assumed that the ef-

Fig. 7. A plot of input voltage at 50 mv/cm as a function of 
output voltage at 1 v/cm for a GT 222 with 1 v p-p of 1 
MHz applied to the collector and base common.

Fig. 8. Collector family 100 ua/cm and 2 v/cm for damaged 
GT 949 in common emitter with -10, 0, 10, 20 and 30 pA 
applied lo the base. Overheating has reduced the saturation 
voltage to 18 v but the characteristics below 10 v are little 
changed,

For a reprint of this article, turn to Reader Service Card 
and circle 498.

feet of this reverse voltage transfer is negligible. This 
is often the case. If it must be considered the first 
approximation is to add a correction factor which is 
close to but may be greater or less than unity. A plot 
of hr as a function of collector voltage at inter­
mediate frequency is shown in Fig. 7. The con­
siderations in the incorporation of this correction 
supply material enough for two or more articles.

If the stage gain arrived at in this fashion is too 
large either local or overall feedback may be used to 
reduce it. Alternatively and if it is too small, the 
transistor type can be changed.

The final circuit design is then haywired and con­
nected to use the analyzer current and voltage 
power supplies to power it. A selection of transistors 
at the limits of the manufacturers’ range of produc­
tion can then be plugged in to check the adequacy 
of the margins set up.

When the engineering model of the circuit has 
been built, the tracer is very convenient for checking 
transistors suspected of damage. The curve tracer 
has the advantage of quickly showing all of the 
transistor’s useful operating region. Damage to a 
transistor may render it unfit for use in a particular 
cicuit but still not show up on a beta checker. An 
example is shown in Fig. 8. The transistor shown is 
a GT 949 rated at 30 volts and 100 milliwatts. A bit 
more than double the rated power applied momen­
tarily’ reduced the sustaining voltage to twenty volts 
(as shown) with no apparent change in the charac- 
terestics at lower voltages, where most single point 
testers operate. The curve tracer has the further 
advantages that the average power applied is only 
one-fourth to one half of the peak power and of 
showing momentary variation in the transistor’s 
characteristics. An example of such a variation is 
failure of the retrace to fall on top of the sweep. An 
upward drift of current is caused by continuous 
heating. A smooth gross deviation repeating each 
sweep occurs when the transistor is overheated in 
each single sweep. A jittery’ and irregular lack of 
superposition is indicative of an improperly proc­
essed or subsequentially damaged transistor. Such 
a transistor is likely to soon show excessive noise, 
leakage current, and short life.

Having designed the circuits of commercial wide 
band, precision small signal, and inexpensive testers, 
the author’s preference is for a circuit analyzer due 
to its versatility. As a curve tracer it has the highest 
information rate for characteristics from transistor 
to operator.
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Recent advances in the semiconductor field have re­
sulted in the commercial availability of transistors de­
signed specifically to handle large amounts of power. 
These "power transistors" are capable of dissipating up 
to several watts and are particularly suitable for use in 
audio-frequency power amplifiers. Circuit-design con­
siderations tor the application of pnp alloy junction 
power transistors to audio-frequency power output­
stages are presented, along with a discussion of the 
effects of source and load impedances on distortion. 
Methods of obtaining a desired degree of bias stability 
with temperature variations are also outlined. Although 
a specific application is described in this article, suf­
ficiently general remarks are made which are applic­
able to a wide variety of transistor power amplifiers. ■

THE CHOICE of class A or class B push-pull 
operation depends upon several factors, includ­

ing the amount of ¡lower output and power effi­
ciency required. The object is to obtain as much 
power output as possible with a minimum distor­
tion. A single power transistor can be used in a class 
A circuit for moderate output. The output is devel­
oped such that collector current flows continuously 
throughout the cycle. Because maximum power is 
dissipated in the transistor at zero input signal, the 
maximum possible output power is one-half the 
maximum rated de power dissipation, PtnaT (de).

In audio power amplifier design, the most im­
portant consideration is of course the power-dissi­
pation capability of the transistor. The maximum 
power that can be dissipated before “thermal run­
away” occurs depends heavily on how well the heat 
generated within the transistor is removed. When it 
is removed by conduction, the ability to do so is 
measured by the thermal resistance. The lower this 
figure, the greater the power-handling capability. 
Other factors which determine the maximum power­
dissipation capability are the collector-voltage 
rating, reverse collector saturation current, circuit 
stability factor, and maximum ambient tempera­
ture. The maximum permissible dissipation, PnMx, of 
a germanium transistor is given by:

Where 0 is the total thermal resistance of the 
transistor and chassis in deg C per w,

Vce is the collector-to-emitter voltage in volts,
Ies is the reverse collector saturation current at 

25 C,
sf is the circuit stability factor, and
Ta is the maximum operating ambient tempera­

ture in deg C1’2.

In circuits having low values of sfVce, Pmax as 
computed may be greater than the power which 
can be obtained in practical circuits. The actual 
power dissipation possible in a practical circuit de­
sign is limited by the maximum safe collector-junc­
tion temperature at which the power transistor can 
be operated without appreciable alteration in its 
electrical characteristics or a decrease in its life ex­
pectancy. For most germanium transistors this is be­
low 100 C. The maximum power-dissipation capa­
bility can be expressed in terms of the allowable 
junction temperature as follows:

T — TP = 11___ tl* max — 0

Fig. 1. Maximum power dissipation 
curves for the type 2N301 or 2N301-A 
transistor. "Thermal Runaway" occurs 
at any point above the sloping lines.

Fig. 2. Class A audio frequency 
power amplifier. Curves represent 
maximum power output as a func­
tion of collector load impedance.

Power Amplifier Design

Where Tj is the maximum allowable junction tem­
perature in deg C, Ta is the ambient temperature in 
deg C and 0 is the total thermal resistance of chas­
sis and transistor in deg C per w.3 The two equa­
tions for Pmax can be used together to obtain power­
rating curves for a given transistor provided that

■ when the allowable power dissipation obtained 
from eq (1) is greater than that calculated from eq 
(2), the maximum allowable collector-junction tem­
perature rise is the limiting condition for dissipa­
tion; and

■ if the allowable power dissipation calculated 
from equation (1) is less than that found by equation 
(2), then thermal runaway is the limiting factor.
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deeper and holds tighter.
Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly.
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run from V&" through V2", and Mimset 
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ig. 1 shows a set of maximum power-dissipation 
ci ves for the 2N301 or 2N301-A power transistor. 
1 horizontal lines represent the maximum power 
di pation for various ambient temperatures when 
th limiting factor is maximum collector-junction 
to; perature rise. The sloping portion of the curves 
rei esents the maximum power dissipation before 
nu. way occurs. The maximum power dissipation 
can be obtained for any value of SfVce.

TYPE 2N30I OR 2N30I-A 
COMMON-EMITTER CIRCUIT, BASE INPUT 
COLLECTOR-TO-EMITTER VOLTS’-6 
FREQUENCY 400 CPS

Class A Power Amplifiers
} ig. 2 shows a typical class A audio-frequency 

pow er amplifier for use in an automobile receiver 
output stage, together with curves of maximum 
power output as a function of collector load im­
pedance. For the supply voltages shown, the load 
impedance must be kept low if large amounts of 
power output are to be obtained. Consequently, the 
possibility of impedance matching for maximum 
power transfer is eliminated; distortion becomes the 
limiting factor in selecting the output load value. 
In the case of output stages for automobile re­
ceivers, a maximum value of 10 per cent total har­
monic distortion is usually acceptable, which the 
curves shown in Fig. 2 represent.

The power gain of a junction-transistor class A 
amplifier is a function of input resistance, load im­
pedance, and ac large-signal current transfer ratio, 
find can be expressed as follows for the common- 
/emitter circuit:

Power Gain = acb

Where a, b is 
ratio,



Rt is the collector load impedance in ohms, and 
R,n is the ac input resistance of the transistor in 

ohms, i.e., rbb plus the product of acb and the ex­
ternal emitter resistance.

At the high values of emitter current, the resist­
ance of the emitter junction is very low and the 
input resistance of the transistor is approximately 
equal to the resistance rbb. When an unbypassed 
external emitter resistor is used, the resultant input 
resistance of the transistor is approximately equal 
to rbb plus the product of the current transfer ratio 
(avb) and the emitter resistor. If this resistance is 
greater than the load impedance, the power gain 
of the class A stage will again be low unless the 
transistor has a high acb. Fig. 3 shows the reduction 
of avb with de collector current.

Efficiency of Class A

The efficiency of a class A transistor power am­
plifier is defined as the ratio of the power output 
that can be developed with only moderate distor­
tion to the de power supplied to the collector cir­
cuit. A class A power amplifier has a maximum 
theoretical efficiency of 50 per cent. In practice, the 
over-all efficiency depends upon the efficiency of 
the output transformer and the amount of power 
lost in the bias network. The collector-circuit effi­
ciency is greatest at full rated power output and 
decreases as the power output is reduced.

Distortion is principally a function of supply 
voltage, power output, nonlinearity in transfer 

characteristics, and source impedance. When the 
input (base) current is sinusoidal, the nonlinearity 
in the current transfer characteristic is small at low 
signal levels. The output current is fairly linear and 
low in harmonics. As the signal level increases, the 
input current traverses a greater portion of the non­
linear region of the transfer characteristic and the 
harmonic content of the output current increases 
considerably. Fig. 4 shows the total harmonic dis­
tortion as a function of power output for different 
supply voltages. The increase in distortion with in­
creasing power output is due primarily to the non­
linearity in the base-to-collector current transfer 
characteristic. Clipping is the cause of the rapid 
change in slope of the distortion curve.

Source Impedance Distortion

The source impedance presented to the input of 
a class A stage which uses an interstage trans­
former depends on the type of driving device used 
and the impedance transfer ratio of the driver trans­
former4. When the transferred driver output im­
pedance is much less than the input resistance of 
the transistor, the class A stage is considered to be 
operated from a constant-voltage source. When the 
reflected driver output impedance is much greater 
than the input resistance of the transistor, the stage 
is considered to be operated from a constant-cur­
rent source. Fig. 5 shows the variation in total har­
monic distortion as a function of the ratio of re­
flected source impedance (Z9) to the input resistance 

of the transistor. The total harmonic distortion in­
creases appreciably as the ratio Z0Rt n is incre sed 
partly because of the higher degree of nonlinearity 
in the current transfer characteristic. The lowest 
feasible value of source impedance should be used 
in a class A power amplifier to minimize distortion.

In some applications, it may be necessary to use 
negative feedback to reduce the total harmonic dis­
tortion. One method of obtaining degenerative feed­
back is by the insertion of resistance in the emitter 
lead. The amount of emitter resistance that can be 
used is normally limited by the; power-gain require­
ments of the output stage.

Temperature Considerations

The effects of temperature changes on transistor 
behavior are due primarily to changes in reverse 
collector current, Ico, and the de input conductance. 
These parameters are highly sensitive to tempera­
ture changes, and may cause a shift in operating 
point. In a class A circuit having low de load re­
sistance, the collector voltage is relatively constant, 
but the collector current will increase with tem­
perature due to variations in Ico and de input con­
ductance. The resulting increase in dissipation may 
cause operation beyond the maximum power rat­
ings of the transistor. For satisfactory operation 
over a wide range of temperatures, some form of 
stabilization must be used.5»6»7

The transfer characteristic curves shown in Fig. 
6 illustrate the effects of temperature upon the
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Fig. 5. Variation in total harmonic dis­
tortion as a function of the ratio of 
the reflected source impedance (ZJ to 
the transistor-circuit input resistance.
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Fig. 4. Total harmonic 
distortion as a function 
of power output for 
different supply voltages.
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A comprehensive discussion of the design and these applications of the Log Audio Preamplifier is 
contained in an article by Dr. Arthur Miller, Chief Electrical Engineer of Sanborn Company, published 
in the Sanborn RIGHT ANGLE. Copies are available on request.

type rectifier-filter circuit, which

microphones, filters, loud-

rent through it. If R is large, the current through the 
diode h becomes proportional to the voltage Ci, and 
the logarithmic relationship of r2 and i'i is trans­
formed into a logarithmic relationship between e2 
and Ci. Circuit constants for this Preamp were chosen 
to provide an accurately logarithmic relationship 
between e2 and fi, over the range of 200 to .63 volts 
for ?i. This is a 50 db spread, and the gain of the DC 
output amplifier (fed by rj is arranged so that a 50 
db variation in produces a 50 mm stylus deflection, 

In audio or AC measurements, ei is deriv ed from

Which Oscillographic Recording "PACKAGE” fits your needs?
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Detailed information, and assithmc* with your 
particular recording problem, is always available 
from Sanborn engineers.

and carrying handles, connected by patch cords, may 
be the best answer. Occasionally only a “special" 
adaption will meet a specific need.

But whatever the “ISO” oscillographic recording 
“package" you use, you're assured of basic Sanborn 
“ISO" advantages: inkiest recordings in true rectangular 
coordinates; >% linearity, resulting from high torque 

galvanometers and current-feedback driver amplifiers; 
numerous chart vpAedt, from 0.25 to 100 mm/sec.; choice 

of single to 8-channel systems, readily adapted to new 

requirements by plug-in Preamplifiers selected from 11 
presently available types.

speakers, etc. A multi-channel recording system with 
appropriate filters also makes possible audio spec­
trum analysis.

\ second major type of application of this 
Preamp is the recording of DC voltages on a db 
basis. If the signals are small, u chopper can be used 
to convert DC to AC, thus taking advantage of the 
Preamplifier’s audio amplifier. With an impedance 
matching transformer added to such an arrange­
ment, the system becomes a logarithmic DC milli­
voltmeter or logarithmic DC microammeter of 
extreme sensitivity. Such a device could be used for 
plotting the volt-ampere characteristic of a ger­
manium diode, which might be very helpful in 
selecting matched pairs of diodes. Another possi­
bility is plotting Ihe output of a fixed gain radio 
receiver and linear detector to a db scale, to rapidly 
record antenna performance data.

of circuit block diagram in 
Fig. 2) is the heart of this 
instrument, and is based on 
the logarithmic relationship be­
tween the voltage across a 
thermionic diode and the cur-

now available for 150 Series systems, permits 
measurements involving logarithmic or exponential 
functions. The “Log Diode” circuit (shaded portion

ation 
m of

-^-.l SANBORN "I5O'$" are housed, basically, in 

, - ^^H e’h’®r two ways: a vertical mobile cabinet, 
■ - ' JO or separate portable cases for amplifier and 

recorder units. This in itself provides a number 
of "packaging" possibilities, but the number is 

greatly increased by various other alternate, 
and sometimes special, housings. For example, an entire 
six- or eight-channel recording assembly is available *n 
an extremely compact, mobile cabinet only 45" high; 

or the same recorder can be portably housed in a 
22“ x 21 ' x 23" case, if field use of "150’s" is planned,

follows a high quality 20 cycle — 20 KC audio 
amplifier. With an input of 100 mv RMS, this 
amplifier will produce a 200 volt output from the 
rectifier. The 50 db chart, therefore, corresponds to 
a variation in AC input voltage of 0.316 to 100 mv.

In DC measurements, the audio amplifier is by­
passed and the input applied to the diode circuit. 
Since the diode itself is a rectifier, used in the forward 
direction with its cathode near ground, the DC input 
must be polarized with the high side positive.

< Ine broad area of application for the Ix>g Audio 
preamplifier is audio level recording. For example, 
room reverberation time can be measured by record­
ing sound level decay after the sound source is 
suddenly turned olf, the reverberation lime con­
sidered the period required for n 60 db decay to 
occur. Another example of audio signal recording 
is the plotting of frequency response curves of audio

1 “A 20 Watt Transistor Audio Amplifier” by H. C. Lin. 
Transistor I, RCA Laboratories, pp 536-537, March 1956
2 “Private Communications” by C. F. Wheatley, April 
1956.
3. “Some Aspects of the Design of Power Transistors” 
by N. H. Fletcher, Procedings IRE, Vol. 43 pp 558-559, 
May 1955.

4 "Design Principles for Junction Transistor Audio 
Power Amplifiers” by D. R. Fewer, IRE Transactions 
on Audio, Nov-Dec 1955.
' "Temperature Effects in Circuits Using Junction 
ransistors” by H. C. Lin, Transistor I, RCA Labora­

tories, pp 309-402, March 1956.
' Power Transistors for Audio Circuits” by L. T. 
Giacoletto, Electronics Vol 27 pp 144, January 1954.
• Bias Stabilization” by R. F. Shea, Principles of 
Transistor Circuits, John Wiley & Sons, Inc. pp 102-108.

This is the first of a series of two articles on cir­
cuit considerations for audio-output stages using 
power transistors. The second article will deal with 
class B push-pull power amplifiers.

TYPE
2N30I OR 2N30I-A
COMMON-EMITTER
CIRCUIT. PASE INPUT

COLLECTOR-TO*
EMITTER VOLTS = -I.5 TECHNIQUES and DEVELOPMENTS 

in oscillographic recording

Fig. 6. Effects of temperature in a 
stabilized common emitter class A circuit.
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transistor in a stabilized common-emitter class A 
circuit. The operating point is designated by point 
A on the 25 C curve. If this common-emitter circuit 
were operated with a constant base-to-emitter bias 
voltage, an increase in temperature would cause an 
appreciable increase in quiescent collector current 
and a consequent increase in power dissipation. In 
the circuit show, however, the bias voltage is de­
termined by the voltage drops across the emitter 
Vesistor, Re and the parallel combination of Ri and 
R2. The voltage drop across the emitter resistor is 
essentially proportional to the collector current, and 
tends to stabilize the collector current by applying 
a reverse bias to the transistor. For a given value 
of emiter resistance, therefore, the stability of the 
operating point is largely dependent on the resist­
ance of the parallel combination of Rt and Rj. 
Decreasing the resistance of the parallel combina­
tion of Rt and Ri results in an increase in stabili­
zation.

DESIGN PRINCIPLES AND SOME APPLI­
CATIONS OF A PREAMPLIFIER FOR 
LOGARITHMIC MEASUREMENTS

SANBORN COMPANY
INDUSTRIAL DIVISION 

178 WYMAN ST., WALTHAM 84, MASS.

FROM

SANBORN

Fig. 2



RELIABLE time delay with SMALL size

Extension 
and 

Adapter 
Sleeves

EXTENSION and adapter sleeves, which pro- 
vide more enclosed space in the back' iell 

area of connectors, and which permit the use of 
proper AN clamps with any given size cable and 
connector, increase the reliability of the electri­
cal circuits to which they are attached.

Enclosure of wires in the standard backshell 
is, in many cases, possible only by crowding the 
wires, wherein strain and insulation damage may 
result. The extension sleeve replaces the stand­
ard backshell increasing the space for wire ter­
minations at the connectors.

There is only one clamp to fit a given size con­
nector and very often it is too large or too small 
to fit the cable. The adapter has provisions for 
stepping up or stepping down the thread size 
for attaching the clamp. The adapter mates with 
the connector and permits the use of any of the 
AN clamps with a given connector.

Developed by Pacific Automation Products, 
Inc., Glendale 1, Calif., the devices are threaded 
and fabricated of aluminum with an anodized 
finish. For more information on these extension 
sleeves fill out the Reader’s Card and circle 44.

S///c-0WeAc TIME DELAY RELAY
Reliable time delay and small size are basic advantages 
of this new relay, but there are several others worth 
knowing. The Type A Silic-O-Netic Relay operates on 
the proven silicone controlled, magnetic flux variation 
principle . . . delivers these real advantages:

DOUBLE-POLE, DOUBLE-THROW switching if 
required ... at SNAP-ACTION contact speed. 
May be ENERGIZED CONTINUOUSLY. . . does 
not require auxiliary lock-in circuits ... a load 
carrier in itself.
SIMPLE HERMETICALLY-SEALED time element
. . . long life stability. Not subject to aging 
or fatigue.
LOW COST as a unit; even lower considering 
simplified installation.

Bulletin T-5002 
gives details. 

IPs yours upon request.

SPECS
Time delays . . . from Va to 120 seconds

Small size . . . Overall dimensions:
2/16" x 2" x I’/u". . . Weight 3 ozs.

Contact capacity ... 3 amp. at 120 volts 
AC (Non-inductive load) . . . D.P.D.T.

High Speed actuation . . . positive contact 
operation.

HEINEMANN

ELECTRIC COMPANY
1 56 Plum St., Trenton 2, N. J.

CIRCLE 43 ON READER-SERVICE CARD FOR MORE INFORMATION

Resettable Grasshopper Fuse

Resettable grasshopper fuse. At left contact is made when operating within normal 
rating of fuse. At right the contact is broken and alarm circuit is closed.

How the circuit is pro­
tected. A revolvable 
ratchet when subjected 
to more than rated cur­
rent releases the ground 
and alarm spring.

ALARM

LINE 
VOLTAGE

| HEAT COIL

RESETTABLE FUSE

TO EQUIPMENT
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PRECISION TRANSISTOR ANALYZERS
BCT-3OO

**********

OSCILLOSCOPE TERMINALSTEST TERMINALS

1__

BTS-4OO

K
these transistor measuring devices to:Write for Bulletins containing full data on

55

PERFORMANCI ADVANTAGES

a

P s
E E
0 L
A E
N C
C »
E 0

TEST
VOLTAGE
M’t’l IL’

SELECTOR

0-167 V SWEEP
(PEAK VOLTS)

SELECTOR

LOAD
RESISTANCE

TEST
CURRENT
APPLIED

SELECTOR

INPUT
BIAS

SELECTOR

CALIBRATE
DISPLAY

SELECTOR

VOLTAGE BIAS
CONTROL

1 1O0V

AC SUPPLY
50 WATTS

AC SUPPLY
3 54 V
60 cps

BIAS SUPPLY
100V DC

20 ma
BIAS SUPPLY

REGULATED

BIAS SUPPLY
* 40 ma DC

70 ma DC
100 ma DC

•. I

60 cps
CONNECTION

SELECTOR

Wide Range
Parameter Testing

Tests all PNP and NPN transistors in
either grounded base or grounded emit­

Sweep circuit provides 270 volts, 10

Input current available to + 110

Operates at a precision level accuracy
of + 2%.

EXTERNAL OSCILLATOR
TERMINALS

DISPLAY
(OUTPUT «nd TRANSFER)

SELECTOR

CATHODE «AY OSCILLOSCOPE
X-Y HOTTER

VACUUM TUBE VOLTMETER

VAR RIAS
LUMRU. ± 10 m

sleeveStep-up

TRANSISTORS NEON LAMPS

MAGNETIC ELEMENTS

SAW TOOTH GENERATOR
PULSE GENERATOR

STAIRCASE GENERATOR

coll­
imali 
s for

size 
with 
f the

Extension and adapter sleeves.
(top) and

step-down sleeve (bottom).

n Y COMBINING the familiar grasshopper 
U fuse with a heat coil, a new economical and 

positive acting fuse, arc free, and with accurate
operation time results.

Heat coil operation is simple and positive.
When subjected to more than the rated current,
the ratchet, which is permitted to revolve, re­
leases the ground and alarm spring. After the 
trouble has been cleared, and the current now is
normal, the fuse can be reset manually by the
ratchet which is again locked into position. In
the case of abnormal overload or potential where
the nichrome wire coil has been damaged, the 
heat coil can be unscrewed and easily replaced 1. Provides direct meter reading of

without disturbing the grasshopper fuse base.
all hybrid parameters in grounded

Heat coils are manufactured to a range of
base or grounded emitter

ratings, notably a three hour current carrying 2. DC bias settings are continuously

capacity of from 0.1 amp to a 0.055 amp. The
adjustable, and metered with max-

fuse will operate in 210 sec, when there is a
imum ratings of 6 amperes, 150
volts, or 60 watts.

current of 0.18 amp in the coil rated at 0.1 amp. 3. Current transfer ratio parameter

and a current of 0.11 amp in the 0.055 amp rated 
coil, rhe grasshopper fuse bases are made to 

accommodate varied mountings and screw sizes. 
The fuses were developed by Cook Electric Co., 
2700 Southport Ave., Chicago 14, Ill.

These grasshopper fuses are ideal for actuat- 
lng alarm circuits or grounding out stray or ex­
cessive currents. For additional information 
about this resettable grasshopper fuse, fill out 
the enclosed Reader’s Service Card and circle 45.

range of 1/10 to 1,000 covers all
commercially available transistors.

4. This is the only test unit made 
with an input impedance parame­
ter range of 10 to 100,000 ohms.

5. Precision parameter measurement 
to within ±2% provides the high­
est accuracy of any commercial 
unit.

ELECTRONIC DESIGN • July 15, 1957

1. Full Family Curve Tracing
plus scope calibration.

2. Input impedance and current gain
versus frequency can be read
directly on a meter.

3. Energizing, detecting and
measuring circuit performance.

4. Forward and reverse diode checking.
5. Testing of neon lamps, magnetic 

elements, other networks.

ter configuration.
Provides frequency response for small
signal testing to 1 0 megacycle.

amperes, or 20 watts.

milliamperes.

BLOCK DIAGRAM Of BCT-300 SHOWING VARIETY AND FLEXIBILITY OF TEST FUNCTIONS.

10 ma DC

SQUARE TOOTH GENERATORAUDIO OSCILLATOR
RF OSCILLATOR

WEE* GENERATOR

configuration.

The curve shown above 
on the 55 watt Delco 
2N174 was obtained 
with Norden-Ketay 
BTS-400 
Test Set.

Norden-Ketay Corporation, Instrument & Systems Division, Wiley St., Milford, Conn
CIRCLE 46 ON READER-SERVICE CARD FOR MORE INFORMATION

117 V 60 cps

COLLECTOR CURRENT AMPERES

‘ N
NORDEN

m » n j

Sales Offices: Stamford, Conn. | Chicago 
Washington, D.C. | Dayton, Ohio | Los Angeles
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Which assumes

scotchply® is a registered trademark of Minnesota Mining and Manufacturing Co.

CIRCLE 47 ON READER-SERVICE CARD FOR MORE INFORMATION

If it needs special properties, let MICA make it. 
We produce phenolic, melamine, silicone, poly­
ester and epoxy laminates with paper, linen, 
canvas, asbestos and fibrous glass bases. Properties 
can be readily varied to meet special requirements.

If it needs special machining, let MICA make it. 
We’re equipped to do punching, drilling, routing, 
sawing, turning, tapping, boring, threading, mill­
ing, engraving, hot stamping, fungus-proofing, plus

If it’s savings you’re after, let MICA make it. 
You get quality, uniformity, prompt delivery. 
Consistency of base materials and workmanship 
all are our undivided responsibility. We know our 
materials and their working properties, and have 
equipment specially adapted for this work.

ELECTRONIC DESIGN • July 15

It makes sense... saves dollars, too... to use Mica’s experience, facilities and know> 
how to design, fabricate and machine your laminated plastics requirements.

AS AN aid to rapid design and application of 
transistor circuitry to electronic systems, these 

two nomograms can be used to determine gain 
variations when changes are made in various cir­
cuit values.

The Transistor Voltage Gain Nomogram de­
scribed will enable gain variations to be easily de­
termined. It also permits the rapid design of com­
mon-base and common-emitter amplifiers for any 
desired gain. Any adjustment of either the load im­
pedance (Rl) or the external emitter resistance (Re) 
will automatically plot the course that the voltage 
gain (VG) will take. By the same token, if any two 
of the values are known, the other may be found.

The nomograms are based upon the approxima­
tion formula:

z\s Rl increases and approaches rc, the inac­
curacy of equation (1) and of the nomograms in­
creases. Generally, however, RL remains lowt' than 
(0.01)rc. An error of 1 per cent may be expected 

if Rl = (.001)rc; and approximately 10 per < ent as 
Rl approaches (.01)rc.

The approximation is for all practical purposes 
correct if RL << rc by two or more orders of magni­
tude. In general, rc 1 megohm for junction tran­
sistors.

many special operations.

If it needs creative engineering, let MICA make it. 
With our knowledge of a wide variety of mate­
rials, our complete fabrication facilities and our 
experience with thousands of applications, we can 
design and manufacture prototype materials and 
parts, and conduct tests, experimental and develop­
ment work through every stage to delivery of 
finished parts.

We can also mold parts of glass-reinforced poly­
ester resin and scotchply® reinforced plastic.

If you have a fabrication problem now, send us 
prints and specifications for a prompt quotation. 
If engineering assistance is needed, we’ll be glad 
to work with you.

MICA INSULATOR COMPANY SCHENECTADY 1, NEW YORK
Subsidiary of Minnesota Mining and Manufacturing Co.
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-4- 8

Rd Re

Rl
a-----

Rd

Where the resistance ratio Rr = ~ 
tin

800

X- 700

rb(l»a)

Rudolph Wellsand
.94

Guided Missile Division
Pomona, Calif.

96 I

(ha)

-4- 6000

4- 9000

-4- 3000

For strict applications, and particularly where 
tight tolerances, great accuracy, and higher load 
impedances than RL = (O.Ol)rc are to be used, the 
exact expressions for VG should be used.

Nomogram Operation

Nomogram II functions with a denominator re-
sistance Rd, where:

Rd = Re 4- re 4- rb(l—a)

Parameters re and rb may be found in the speci­
fications for a particular transistor. As an aid, Nomo­
gram I lists the transistor s alpha with its (1 —a). A 
straightedge from (1 —a) to the rb scale will quickly 
determine the rb(l —a) read from the center scale.

X-.006

Adding re 4 rb(l —a) mentally, one gets the
.995 — _ ,005

Rd = re 4- rbd —ai
However, if in grounded-emitter orientation an 

external emitter resistor, RE, is further added, then 
the combined total becomes Rd, as in equation (3).

When re 4 —a) << Re, in example by 
proximately two orders of magnitude, then:

5

• 997 X

Set a straightedge on Nomogram II, from 
value of denominator resistance on the RD scale to 
• he value of load impedance on the Rl scale, and 
note the value of the resistance ratio on the R 
scale. Now set the straightedge from the Rr value —1— .OGI

to the known alpha on the a scale and read the volt- NOMOGRAM I
ngc gain direct on the VG scale.

tIECIRONIC DESIGN July 15, 1957
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___40
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300 __
Rd = Re (5)

If not true, then substitute Re into equation (3):

200__ k Rd = Re + re + rb(l—a) (3)

K

----- 20
Rd = re + rb(l—a) (4)

___ 1C k

6
K4

----- 3 K
$0 -4- - 50

K
4040___

3o__ 30

of the202o __ ___400

li 0’1(1

----- 2CC

I OCI o o
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k

___4000

-- 3000

» 000 
9 o o 
6 o o

7 0 0

------zoo
— 1 80

-- go

I 0 0 
9o 
do

70

GO

4. Note the value of Re to be used, and compare 
with Equation (4):

Re >> re -f- rb(l —a) by approximately 100 times.

5. If the comparison above is true, then substitute 
Re into equation (5):

2. Find the value of rb(l —a) from Nomogram I. 
rb(l —a) = 20 ohms

3. Substitute the value of re and rb(l —a) into
Equation (4): Rd = re y rb(l —a)

= 26 4- 20
= 46

If no Re is used, then continue using equation 
(4):

___ AO

-- 30

I 000----
9Oo__
800 ___

700 ___

GOo___

5 Co___

I 00__  
90 — 

$0_

7G__

60__

__ 1000

__ eoo
11 600

10 per cent error may be expected by use 
Nomogram.

9. Find the value of Rr from Nomogram 
substitute into equation (8):

VG aRR

I K 
¿0 0 
G GC

Rl
Rr = ~ (7)

Rd

8. Since RL << rc (6500 << 2 megohms), less than

fin

ha

Se

Re

D

E!

H
6i

VG
__ IOOOO 
r. 9000 

— 6ooo

Rr
IOOOO —r- 

9ooo — 
8000 —

7 o 00------  

60 00 ------

The reverse procedure may also be used, by set 
ting the straightedge from a to the desired value < 
VG and noting the Rr obtained. If Rl is knowi , 
then Rd may be found. Knowing the value of the 
parameters, re and rb, from the specifications pre ­
viously employed, these parameters may be sub­
tracted from Rd, the result being the value of the 
external emitter resistance, Re, which should be 
placed in the emitter leg.

40C
300

21 8^9
__ 60

Sample Problem

(Using a 2N35-n-p-n in grounded-emitter)

1. List the values of re, rb, rc and a from the 
specifications: re = 26 ohms

rb = 800 ohms
rc = 2 megohms 
a = 0.975

6. Assuming that an external emitter is used, re­
sistance of Re — 500 ohms, then the comparison of 
Re > > re +rh(l —a) would be true:
Re > > 46 by approximately 100 times.
Substituting into equation (5):

Rd = Re

Rd = 500 ohms

7. Note the value of RL to be used and substitute 
into Equation (7): (Let RL be 6000 ohms)
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BAI RD (lai) ATOMIC

yOUR PROfilE

Model GP4 TRANSISTOR TEST SET

Wide range of test conditions

TESTER
utilizes transistorized, printed-circuit construe-

meter

TESTER

CIRCLE 48 ON READER-SERVICE CARD FOR MORE INFORMATION

cut-off.
to 1 me.

Pt TA, h\\f I ot 

self-contained

supply. Provision for collector waveform observation 
overload protection.

Model KP-1 —
MEDIUM POWER TRANSISTOR TESTER

LOOK ITO 'Baird-Citom
FOR THE ANSWER

from 1.0 to 300 ma; Vct 0 to 100 volts; frequency 100 cps 
to200KC.

and variable

and Cc. Test frequency from 100 cps

ELECTRONIC DESIGN • July 15, 1957

IS TRANSI#0

Complete technical data available on these and other B-A Transistor Test Equipment 
Engineering representatives throughout United States and abroad.

Principles of Transistor Circuits, R. F. Shea, John 
^iley and Sons, Inc., 1953.

MEDIUM POWER TRANSISTOR TESTER — Measures all h 
parameters . . . provisions for measuring transistor re­
verse characteristics and external measurement of Ico.

General circuits to which the 
nomograms are applicable.

tion. Contains 1 KC oscillator and long-life mercury-cell power

Complete, accurate testing requires test equipment 
especially designed for the job — not modifications of 

standard apparatus. B-A has developed a complete line 
of transistor test equipment. The features of some of 

B-A’s Transistor Test Equipment are listed below:

References

F. IL Stansel: Transistor Equations: Electronic 
Design; March 1953: page 156.

Nomogram for Some Transistor Parameters, 
H- Le fkowitz, Electronic Design, 15 Oct. 1956, p.

Model KT1 — BETA, h

10. Lastly, knowing the value of alpha and Rr, 
find VG on Nomogram II.

VG 12.7

Had no emitter resistance been used, Rr would 
have been 140 and VG equal to 136.

For a reprint of this article, turn to Reader 
Service Card and circle 499.

TRANSISTOR TEST SET — The transistor tester that is 
rapidly becoming the standard of the industry ... for 
h parameters and equivalent T coefficients . . . NPN 
and PNP junction and surface-barrier transistors . . . 
grounded-base or emitter circuits . . . alpha and beta

B A IR D Q) ATOMIC) ^Baird-zAtomic, Inc,
TP 33 UNIVERSITY ROAD. CAMBRIDGE 38, MASS



New Products

Transistor Transformers

Seven Types ass

Selenium Rectifier

65 Mil

ELECTRONIC DESIGN • July 15, 1951

Type BG61A-5 is a glass mounted, optically pol­
ished, gold plated quartz crystal operating on the 
3rd overtone mode at 5 me. The temperature co­
efficient of the unit is less than 0.1 ppm over a 1 
range at the preferred operating temperature (75 C 
or 85 C). When used with temperature control 
adequate to maintain ±.01 C, the resultant crystal 
stability is 1 part per billion at 5 me.

Bliley Electric Co., Dept. ED, Union Station 
Bldg., Erie, Pa.
CIRCLE 53 ON READER-SERVICE CARD FOR MORE INFORMATION

Designated Type 1263-A for standard mounting, 
and 1262-B for bracket mounting, this 65 mil sele­
nium rectifier is for use in small electronic equip­
ment. The rectifier has the following characteristics 
for single phase capacitive loads: Max rms input v 
of 130 v; max peak inverse v of 380 v; max peak 
current of 650 ma; max rms current of 175 ma; max 
de current of 65 ma; approx rectifier voltage drop of 
7 v; min series resistance of 22 ohms, and the max 
plate operating temp is 85 C.

Federal Telephone and Radio Co., Dept. ED, 100 
Kingsland Rd., Clifton, N.J.
CIRCLE 51 ON READER-SERVICE CARD FOR MORE INFORMATION

Panalyzor. Offering the advantages of wide scan 
spectrum presentation, the SB-12 at the same time 
permits examination of signals so closely adjacent in 
frequency that their corresponding deflections nor­
mally tend to merge together or completely mask 
one another in wide scan displays. Maximum 
sweepwidth is 100 kc continuously reducible to 0 kc. 
Scan rate is adjustable in steps of 30, 5, 1 and 0.1 
cps. Resolution ranges from 3.2 kc to 10 cps. Afc is 
provided for narrow sweepwidths.

The unit can be used to investigate pulsed rf sig­
nals, analyze am and fm transmitters, spot spurious 
oscillations and modulation, monitor communica­
tions bands, test industrial rf equipment, diathermy 
and electrosurgical instruments, and is applicable to 
other laboratory and production test problems.

Panoramic Radio Products Inc., Dept. ED, 10 S. 
2nd St., Mount Vernon, N.Y.
CIRCLE 50 ON READER-SERVICE CARD FOR MORE INFORMATION

Designed for applications requiring extremely 
high resolution, such as investigation of side bands 
caused by low modulating frequencies, single side­
band transmissions, teletype, etc. The SB-12 Pan­
alyzor can be used to observe signals anywhere in 
the spectrum up to 1000 me by means of an external 
signal generator and an internal aperiodic mixer 
which translate the spectrum segment to be ana­
lyzed down to the 450 to 550 kc input band of the

Seven additional types of ultra-miniature DO-T 
transistor transformers are available. These units 
weigh one-tenth ounce and are fully hermetically 
sealed. Included in this group are a number of 500 
mw units designed for pushpull transistor to 600 
ohm line, a chopper input transformer, transistor 
interstage transformer, and a line to line matching 
transformer.

United Transformer Corp., Dept. ED, 150 Varick 
St., New York 13, N.Y.
CIRCLE 49 ON READER-SERVICE CARD FOR MORE INFORMATION

cm 
we

5 Me Crystal 

High Stability

Spectrum Analyzer 

10 Cps Resolution

This rotary solenoid is claimed to have a life ex­
pectancy of 300,000 snap-action operations at 500 F. 
It is able to operate with high wattage inputs to 
produce higher torques. Eight basic sizes are avail­
able, ranging from 1 to 3-3/8 in. diam. Starting 
torques for 45 deg. stroke range from 0.2 to 54.0 
Ib-in. Special magnet w ire and coil insulation, lubri­
cation, bearing and return spring materials were 
developed for the product. Operation is identical 
with the standard rotary solenoid. Magnetic action 
moves the armature along the solenoid axis. This 
action is converted into a rotary motion by means 
of ball bearings on inclined races.

G. H. Leland, Inc., Dept. ED, 123 Webster St., 
Dayton 2, Ohio.
CIRCLE 52 ON READER-SERVICE CARD FOR MORE INFORMATION

Rotary Solenoid

Withstands 500 F 
Ambient
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Amplifier*

for Medium Gain
Amplifiers

loads.
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since it does not have the inherent limitations of 60

rent is 4 ma.

4000 me. Standard drivers are of the
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Dish Antenna

Insulation Tester

Switching
Mm.

MAGNETIC COMPONENTSRESISTORSTRANSISTORS

PRINTED CIRCUITSHIGH TEMPERATURE MAGNET WIRE •

23

45

hfe

• max

hfe

■max

hfe

■max

Min.

25

10

Typ.

40

45

Max.

110

Mm.

10

60

hfe

• max

T*

A one-piece, four-foot dish antenna designed for
tubular mast mounting is secured to 4 in. IPS tubu­
lar masting by two heavy-duty clamps. The clamps
are designed to produce an even, tight connection
assuring positive orientation under extreme wind

This model is constructed on a ring principle.
The basic ring is a circular heavy-weight aluminum
disc supporting cantilever aluminum arms, which
extend to the perimeter. The parabolic surface is
covered with expanded aluminum mesh, inert arc-
welded to the supporting arms. The antenna is de-
signed to operate in the range of 1000 through

dipole and
horn type.

Technical Appliance Corp., Dept. ED, Sher-
burne, N. i,

a
s
s

High Speed
For general high frequency applications, and for
high speed computer switching circuits, design
around Sprague surface barrier transistors. They
are available now in production quantities from a
completely new, scrupulously clean plant, built
from the ground up especially to make high qual-
ity semi-conductor products.

This instrument will detect, totalize, and record
insulation faults in material travelling at 400 ft. per
mm. with 1-in. long electrode. It will detect pinhole
invisible to the naked eye at this speed.

The tester will detect and register every fault,

cps testers and fault relays which do not register
faults if they occur too close together in time.

Te sting is non-destructive. It will not burn insula-
tion. nor mark it in any way. The output is non-
leth )|. At 10 kv de the maximum short circut cur-

St., New Rochelle, N.Y.

Simplified Mounting

Surface barrier transistors from SPRAGUE

2N344/SB1O1 2N34S/SB1O2

2N346/SB1O3 2N24O/SB6122

The four transistor types shown are the most popular. Orders 
for these units are shipped promptly. What’s more, surface 
barrier transistors are reasonably priced. High quality and 
excellent electrical characteriseics make them an economical 
solution to many difficult circuit requirements.

Sprague surface barrier transistors are fully licensed under
Philco patents. All Sprague and Philco transistors having the 
same type number are manufactured to the same specifications 
and are fully interchangeable. You have two sources of supply 
when you use surface batrier transistors!

YOU ARE INTERESTED ADDRESS REQUEST TO THE TECHNICAL LITERATURE

SECTION, SPRAGUE ELECTRIC CO., 347 MARSHALL ST., NORTH ADAMS, MASS.

CAPACITORS • INTERFERENCE FILTERS • PULSE NETWORKS
SPRAGUE

Peschel Electronics, Inc., Dept., ED, 13 Garden

»J CIRCLE 56 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 57 ON READER-SERVICE CARD FOR MORE INFORMAvOn
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ELECTRIC
5200 W. Kinzle St.

COMPANY
Chicago 44, Illinois

Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ontario

Arc Resistance Tester

Quality Control for Plastics

An arc resistance tester has been de­
signed to evaluate the arc and track 
resistance of plastic materials. The 
Model 126 is employed in measuring 
the resistance of insulating materials 
to high voltage-low current arcs. The 
instrument has a built-in timer to in­
dicate arc resistance time and a speci­
men holder which automatically levels 
and sets the correct electrode pres­
sure. The electrode enclosure permits 
visibility and prevents drafts from 
disturbing the arc during the test.

Delsen Corp., Dept. ED, 719 W. 
Broadway, Glendale 4, Calif.

CIRCLE 59 ON READER-SERVICE CARr

1500 F Insulating Fabrics

Also Used for Leak Detections

Two types of high temperature in- 
sulating fabrics for service up to 1500 
F have been announced. Made of 
fiberfrax ceramic fiber, these fabrics 
are available in various widths or 
thickness for positive high tempera­
ture insulation. In addition, they are 
also supplied as instrumentation tapes 
for both insulation and leak detection. 
The high temperature tapes consist 
of two stranded Chromel wires cov­
ered with reinforced ceramic fiber. 
When wrapped around pipes carrying 
metallic or radioactive fluids, the tape 
both insulates and quickly causes an 
alarm-sounding short circuit in the 
event of a leak. This tape is designed 
to withstand 1500 F for 1500 hr, and 
is flexible enough to be wrapped in 
spiral form around pipe of 1/2 in. 
diam. The fabrics can be treated with 
silicone rubbers, epoxy resins or can 
be impregnated with phenolic resin 
and molded into various shapes. If de­
sired, they can be woven in tubular 
form.

The Russell Mfg. Co., Dept. ED, 
255 E. Main St., Middletown, Conn.

CIRCLE 58 ON READER-SERVICE CARD

The clean, graceful lines of these “Wide-Vue” 
panel instruments add two plus values to 
your equipment. First, style—ultramodern 
beauty that blends with the advanced design of 
today’s panels. Second, functionalism—longer 
scales together with wide-angle readability. 
The 2%" size, for example, has the same scale 
length as a conventional 3%" panel instrument. 
The durable, plastic cover is formed in one 
piece, and can be supplied with black or color 
finishes. Custom-built in 2%", 3^", and 4%" 
sizes. External magnet type movement or 
self shielded core magnet meter movement.
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resin from subsonic to supersonic speeds. 

Recovery factor is relatively insensi­
tive to speed. Sensing is accomplished 
by a resistance element, a thermo­
couple, or a thermistor, depending on 
specified input impedance.

West Coast Research Corp.. Dept. 
ED, 2371-1/2 Westwood Blvd, Los 
Angeles, Calif.

Stagnation Temperature Probe

For Flight Applications

The WCRC temperature probe pro­
sides stable measurement of stagna­
tion air temperature. The probe has 
a high degree of internal, thermal 
equilibrium in dynamic measurement 
of total temperature. Heat transfer

Under searing heat or sub-zero cold. General Electric 
resistors maintain their rated ohmic values. Actual 
laboratory tests have proved that these vitreous- 
enameled resistors hold their rated resistance under 
ambient temperatures from -+-700 F to —70 F.

These General Electric resistors are available in over 
1400 combinations of ratings (5 to 200 watts), types, 
and mountings. Stable operation is but one of their 
outstanding qualities: They have sufficient terminal 
strength to hold up to 21 pounds of right-angle pull, 
and special terminals are available to hold up to 34 
pounds. Their vitreous-enamel coating provides re­
sistance to adverse atmospheric conditions.

Like to know more? Ask your General Electric 
salesman for a free set of sample resistors and test them 
yourself! And mail this coupon today for the new 36-

Section B 784-8

General Electric Co., Schenectady, N. Y.

Please send a copy of GEA-6592, G-E Resistor Catalog.

Stock Drawing Forms

Meet Military Specifications

A ! nge of stock drawing forms are 
available for immediate delivery in 
small or large quantities. Drawing 
forms in stock are: A size—8-1/2 x 11 
¡n„ B size—11 x 17 in, C size—17 x 22 
jn>. and D size—22 x 34 in.

PIC Design Corp., Dept. ED, 477 
Atlantic Ave, East Rockaway, N.Y.

CIRCLE 62 ON READER-SERVICE CARD

Thyratron

Average Rating of 1 Amp.

The Xenon-filled XR-764, 3-1/2 in. 
high, has an octal base and top cap 
and a 10 v drop in use. Filament volt­
age and current is 5 v and 3 amp re­
spectively, with a heating time of 120 
sec. Peak forward and inverse voltages 
are 500 v de, start (plus 3 v grid) is 
25 v, with 25 v emission at 30 amps. 
De-ionization time is 200 usee or less. 
The tube is claimed to be unusually 
rugged.

Continental Electric Co, Dept. ED, 
h X. Michigan Ave, Chicago 2, Ill.

CIRCLE 64 ON READER-SERVICE CARD
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better

because the NEW SNAPIN

CIRCLE 67 ON READER-SERVICE CARD FOR MORE INFORMATION

Frequency-Period Counter

0 cps-1 mc

Can be applied to solid or stranded wires;
stant

Wasl

CIRCLE

This

Is self'aligning—no further positioning or deformation is required

AMP INCORPORATED

exce

bo*ch lolland
Distributor In Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan

CIRCLE 66 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCI

Gets leads to the printed circuit board 
in one assembly operation;

Write today for additional information on the NEW A-MP SNAPIN, the AMP-EDGE 
Connector and other A-MP products designed for printed circuit applications.

Has construction details that promote good capillary flow of solder 
during the dipping process;

Is self-retaining, with no damage to the printed circuit board during pre 
assembly operations;

Eliminates an investment in expensive auto 
mation equipment;

Eliminates danger of shorts due to “solder-bridging” of 
insecure leads;

ELECTRONIC DESIGN • July 15, 1957

Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, 
Canada • Aircraft-Marine Products (Great Britain) Ltd., London, England • Societe 
AMP de France, Le Pre St. Gervais, Seine, France • AMP—Holland N.V. ’s-Hertogen-

Miniature tantalum electrolytic capacitors al 
available for operation over a temperature rang! 
from —55 to 175 C. Known as the XT M line,the 
are being manufactured in six capacities, from J 
to 40 mfd, at nominal working ratings from 40 to 
360 v. The body diameter of the metal case (all 
capacitors) is 5/8 in. with case lengths from 9/l( 
to 1-25/32 in. All capacities employ a metal-to-glass 
hermetic seal and offer a choice of 2-1/4 in. axial 
leads or solder-tab terminals.

P. R. Mallory & Co. Inc., Dept. ED, Indianapolis’

cordi 
syste: 
stand 
front 
.speet

GENERAL OFFICE:
3512 Eisenhower Boulevard, Harrisburg, Pennsylvania

offers 0 cps to 1 mc direct reading operation foil 
frequency and period (1 freq.) measurement. The I 
counter also serves to measure pressure, temperad 
ture, velocity, acceleration, flow, rps, rpm, and dis l 
placement with the use of suitable transducers. The! 
instrument may also be used as a secondary fre-| 
quency standard. It features a continuously ad­
justable trigger level control which permits full 
rated sensitivity at any voltage level between —300 
and —|—300 v. Small voltage increments ordinarily 
masked by attenuators are easily selected. Simpli­
fied color-coded controls and direct read-out in kc, I 
mc, sec, or psec, with automatic decimal point in­
dication are incorporated. Oscilloscope marker 
signal facilities trigger level adjustment for ampli­
tude discrimination in frequency or period meas­
urement. The counter has a time base range of J 
psec to 10 sec in decade steps (frequency), 1 and 
10 cycles (period).

Computer-Measurements Corp., Dept. ED, 55281 
Vineland Ave., No. Hollywood, Calif.
CIRCLE 68 ON READER-SERVICE CARD FOR MORE INFORMATION

Miniature Tantalum 
Capacitors

175°C



Magnetic Tape Recorder 

300 KC Bandwidth

rs art 
rangt 

e, the 
From 
» 40 to 
ise (al! 
n 9/l( 
«’-glass 

i. axial

Series 3000 Multi-Channel Magnetic Tape Re­
cording System features a 300 kc Band Width. The 
system accommodates reel sizes up to 14 in. as 
standard equipment and has a single switch on the 
front panel which selects any of the six standard 
.speeds up to 60 in. per sec. Module housings pro­
vide plug-in facilities for amplifiers, permitting in­
stant selection of direct fm or PDM recording or 
playback in any combination.

American Electronics, Inc., Dept. ED, 655 W. 
Washington Blvd., Los Angeles 15, Calif.

CIRCLE 69 ON READER-SERVICE CARD FOR MORE INFORMATION
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Ultrasonic Cleaning 

50-250 W output

series of ultrasonic cleaning units ranging in
capacity from two quarts upward is available.

Power output ranges from 50 to 250 w. Designed 
for continuous commercial use, the generator sup­
plies the rated output of electrical energy to a 
barium titanate transducer. Generators are de­
signed to permit use of two cleaning transducers 
alternately. One tank may be used for removal of 
excessive amounts of contamination, and the other 
tank for final cleaning.

Alcar Instruments Inc., Dept. ED, 17 Industrial 
Ave., Little Ferry, N.J.

CIRCLE 70 ON READER-SERVICE CARD FOR MORE INFORMATION
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for Air-borne Power Supplies 

and Other Military and Industrial Applications

CIRCLE 71 ON READER-SERVICE CARD FOR MORE INFORMATION
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Flying Spot Scanner

For Test Equipment

A 5 in. flying spot scanner tube for 
use in television receiver test equip- 
ment has been developed. Desig. 
nated type 5BNP16, the tube employs 
low voltage electrostatic focus, an 
aluminized screen of very short per­
sistence, and operates without ion 
trap for simplified installation. Com­
pared to other tube types designed 
for studio flying spot scanning pickup 
equipment, the 5BNP16 is less ex­
pensive, approximately 4 in. shorter 
in over-all length, and operates at 
lower anode voltages.

Sylvania Electric Products, Inc., 
Dept. ED, 1740 Broadway, New York 
19, N.Y.

CIRCLE 106 ON READER-SERVICE CARD

Cap Nuts

Made of Nylon

A line of cap nuts fabricated from 
black Nylon comes either knurled or 
slotted, and may be used with rods 
or screws or serve as knobs. Nylon 
fabrication makes the nuts particu­
larly useful where dielectric strength 
and resistance to corrosion are im­
portant. A range of sizes with Ameri­
can Standard threads includes 6-32, 
8-32, 10-32 and 1/4-20.

Weckesser Co., Dept. ED, 5701 
Northwest Highway, Chicago 30, Ill.

CIRCLE 107 ON READER-SERVICE CARD

Wide-Field Magnifier

For Parts Inspection

A magnifier has been developed 
that allows the small parts inspector 
to use both eyes and thus maintain a 
high degree of efficiency. The wide- 
field magnifier consists of a large oil- 
filled, plastic-cased lens. The lens is 
very clear and free of distortion from 
edge to edge. It will not discolor or 
become cloudy with age. The magni­
fier permits an inspector to sit com­
fortably while the item to be inspected 
is passed beneath the lens.

Curry & Paxton, Inc., Dept. ED, 
866 Willis Ave., Albertston, I ong Is­
land, N.Y.

CIRCLE 108 ON READER-SERVICE CARD
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RHEOSTATS • RESISTORS • RELAYS • TAP SWITCHES • TANTALUM CAPACITORS

OHMITE MANUFACTURING COMPANY • 3643 Howard Street, Skoki«, Illinois

Precision Fine Wire 

0.004 In. Diam.

Through new methods developed 
using a centerless grinder, wire can 
be ground as fine as 0.004 in. diam 
eliminating the problem of lateral die 
marks which are present in most 
drawn wire. This is extremely im­
portant for electronic tube elements, 
instrument movements, and similar

Reinforced Plastic Sheet

Flexible

A flexible grade of reinforced plas­
tic sheet, 1/32 in. thick, with charac­
teristics which make it suitable for 
such application as transformer layer 
insulation, is in production. Known as 
Grade EEF, this insulating material 
is expected to have use in other com­
ponents besides transformers. Bulle- 
hn No. 101 containing product char- 
dCteristics is available.

Reinforced Plastics Div., Dept. ED, 
Hays Mfg. Co., Erie, Pa.

CIRCLE 112 ON READER-SERVICE CARD
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Long life and dependability are synonymous with the 
name Ohmite. "When you specify Ohmite components . . . 
you build reliability into your product. This reliability is 
backed by Ohmite’s continuing research programs which 
explore new product ideas, improve present products, and 
develop more efficient manufacturing processes. All this 
plus the fact that Ohmite is the world’s leading specialist 
in the manufacture of power-type resistance components 
—high quality rheostats and wire-wound resistors in the 
most complete range of sizes and types available to in­
dustry. Reliability is also characteristic of Ohmite tap 
switches, precision wire-wound resistors, molded composi­
tion resistors and potentiometers, general-purpose relays, 
subminiature tantalum capacitors, and R. F. chokes. Write 
on company letterhead for the complete Ohmite Catalog 
and Engineering Manual.

Brazing Alloys 

High Purity

Vacuum-tube grade silver and gold 
brazing alloys have been designed 
specifically for brazing electronic 
components in which the concentrates 
of metallic impurities must be kept to 
an absolute minimum. The alloys are 
carbon-free and meet all applicable 
industry specifications on maximum 
content of cadmium, zinc and other 
volatile elements not allowable for 
vacuum-tube work. They are supplied 
in wire, strip and sheet form in all the 
usual gages.

Handy & Harman. Dept. ED, 82 
Fulton St., New York 38, N.Y.
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The TB-12 centerless grinder used 
for the process will production grind 
tungsten carbide, titanium, glass, 
wood, hard rubber, ceramics, cork, 
and other materials.

Royal Master Inc., Dept. ED, State 
Highway No. 23, Riverdale, N.J.
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New Products

Remote Size and Position Indicator 

Accuracy of 1 Per Cent

CIRCLE 79 ON READER-SERVICE CARD FOR MORE INFORMATION

The variety of Oak switches 
is almost limitless. Combined 
with Oak rotary solenoids, they provide 
an assortment of Rotary Selectors that 
covers almost any low-current application— 
simple or complex, military or commercial. 
Oak Rotary Selectors give a positive 
stepping action, even under severe vibration 
and shock. To help you get the exact 
remote-control unit you require, Oak 
engineers will be glad to work out special 
recommendations. Write for copies of 
the Oak switch catalog and rotary solenoid 
bulletin with time-saving layout sheets.

Voltage Regulator

400 Cycle, Single Phase

thousands of combinations for
REMOTE CONTROL
SWITCH IN

SWITCHES

SWITCHES • ROTARY SOLENOIDS • 
CHOPPERS • SPECIAL ASSEMBLIES • 

VIBRATORS • TUNERS

1260 Clybourn Avenue, Dept. D, Chicago 10, Illinois 

Phone: MOhawk 4*2222

Remote indication of position, size, tension, 
strain, thickness, and other quantities which can be 
related to minute displacement of a feeler probe, is 
accomplished with the Model 100 displacement 
transmitter used with the Model 300 displacement 
indicator. The system offers accuracy of 1 per cent 
of scale with three calibrated ranges of ±0.1, 0.01, 
and 0.001 in. full scale. Drift errors are virtually 
eliminated by a constant current excitation system, 
stabilized amplifier circuitry, and integral zero and 
gain checking features.

An auxiliary electrical output is available which 
is suitable for direct operation of standard strip 
chart recorders. A wheel attachment is available for 
continuous thickness measurements of moving ma­
terial. Operating temperature range is —65 to 
+200 F.

Daytronic Corp., Dept. ED, 216 S. Main St., Day­
ton 2, Ohio.
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This automatic voltage regulator for 400 cycle, 
single phase service gives instantaneous correction 
of line voltage variations with 0.25 v bandwidth for 
line voltage variations and 0.35 v bandwidth for 
load current and load power factor changes. The 
unit is designed for an input of 95-130 v for nomi­
nal output voltage of 115 v, adjustable from 110-120 
v and a load of 1.0 kva. It has a waveform distortion 
of 3.5 per cent max at 400 cycles. The power factor 
rating is from 0.7 lagging to 1.0. The size of the 
regulators is 7-3/4 x 5 x 14-3/8 in. including front 
panel handles.

The Superior Electric Co., Dept. ED, 83 Laurel 
St., Bristol, Conn.
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Coaxial Turret 
Attenuators

rection 
1th for 
Ith for

ision, 
in be

General Electric Co.
Laminated Product» Dept.
Sec. EDL-77 Coshocton, Ohio

Data plotting at any number of pre-set incre­
ments up to 999 steps along one axis is possible 
with the model 51 Step Input Unit. The unit pro­
vides means for producing bar-type graphs to any 
scale on standard or non-standard graph paper and 
visually displays by means of illuminated numbers 
the content of the mechanism at any point in a test 
series thus facilitating start and stop operations 
without losing track of position at any time. Cali­
bration to any scale factor is possible by adjusting 
both size and number of steps to conform to the 
data being plotted. Zero may be set at any point.

F. L. Moseley Co, Dept. ED, 409 N. Fair Oaks 
Ave., Pasadena, Calif.
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Three new coaxial turret attenuators, Models 705, 
706, and 707 offer twelve steps of attenuation in the 
uhf range from de to 1500 me. A single unit can 
give a maximum of 30 db. Two units can also be 
used in series to permit a wide range of control in 
small steps. Designed for either bench use without 
further mounting, or for mounting into a test equip­
ment package, the turret attenuators are housed in 
a cast case which is provided with tapped mounting 
holes. All models use type BNC connectors and 
have twelve snap-in attenuator pads in a convenient 
turret arrangement. The units have a zero insertion 
loss position for use in applications where it is 
necessary to obtain the full output of the signal 
source into the load. This zero insertion loss position 
also provides a convenient point for calibration 
without physically removing the attenuator. A 
spring-loaded detent assures alignment of the pad 
selected. An engraved dial indicates the attenuation 
values.

Narda Corp., Dept. ED, 160 Herricks Rd., Mine­
ola, N.Y.

Cannon Electric engineers tested 
many XXX-P laminates before they 
chose G-E Textolite 11570 for the in­
sulators in their LK-A53 connectors. 
By using this laminate the percentage 
of rejections was reduced from approx­
imately 55% to 1%. This insulator is 
the most difficult punching part at 
Cannon. The dimensions—1.998" in di­
ameter, W thick, 49 holes .067" diam­
eter and 4 holes .128 diameter. The 
report is superior punching with no 
cracking between holes, no delamination 
around holes, and no dimensional change 
in parts.

□ Please s^nd me details of th* 
Cannon Electric Company tests of 
G-E Textolite® 11570 laminate.

ile for 
g ma-
65 to

General Electric Textolite 11570 is a XXX-P, high 
IR paper-base laminate that can be punched 
clean in a temperature range of 80 F. to 130°F. 
This cold fabricating quality, plus outstanding 
product uniformity, eliminates dimensional varia­
tions from piece to piece . . . permitting the use 
of automatic assembly techniques. The superior 
electrical and mechanical properties of G-E 
Textolite 11570 offer many design opportunities 
to both electrical and electronic manufacturers.

O Please have your representative call.

Name ............... ................... —----------- ------

Title ................... -........ ......

Firm...................... ............—-............-— 

Street...................... .......................... .............

11570
COLD PUNCH LAMINATE



New Products

QUALITY Test Probe

variable
resistors

closed

When successful circuit operation depends upon a vari

tem

visi
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Brushless Converter

CIRC

ALLEN-BRADLEY
mmiiTv
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Allen-Bradley Co., 1344 S. Second St.
Milwaukee 4, Wis.
In Canada:
Allen-Bradley Canada Ltd., Galt, Ont.

1 KVA - 10 KVA

ambient. Plastic cover serves as 
actuator, making unit extremely 
flat. Total resistances from 100 
ohms to 5 megohms.

TYPE H—rated 5 watts at 40C 
ambient. Total resistance values 
from 50 ohms to 2.5 megohms. 
Good for over 100,000 cycles 
with no appreciable resistance 
change. Max. voltage 750 v,d-c.

RADIO, ELECTRONIC, AND TELEVISION COMPONENTS

TYPE J—rated 2 watts at 
70C ambient. Total resist­
ance values from 50 ohms 
to 5 megohms. Available in 
single, dual, and triple units 
with various types of ad­
justing shafts, and with 
built-in line switch.

TYPE F—rated % watt at 70C 
ambient. Diameter Vz". Standard 
tapers. Slotted shaft. Designed for 
printed circuits.

TYPE G—rated Vz watt at 70C ambient. 
Diameter ’/i". Plain or lock-type bushings; 
plain or slotted shaft. Available with line 
switch (right).

The Griprobe is a test probe of durable plastic 
for gripping terminals, tube sockets, lugs, and wires 
thus freeing the hands of the operator to handle 
other tools or test equipment. It features an interior 
spring mechanism which by pressing the thumb, 
opens the hook-shaped metal probe and, by remov­
ing the thumb, closes it in a self-lock grip.

Standard Electronics, Inc., Dept. ED, 5523 Sat­
suma Ave., Burbank, Calif.

able resistor that is not affected by moisture, heat, cold, 
or age . . . the Allen-Bradley units are the answer. The 
solid "one piece’’ hot-molded structure has insulation, 
terminals, faceplate, and threaded bushing imbedded in 
the plastic body. With the resistance element as an 
integral part of the mold—not an added film or paint 
—it can be made to satisfy any resistance-rotation 
curve. Write for full details, today.

Sectional view 
showing how elements are 

molded in 
one integral unit

Nobrush, a 40-pole, brushless, 400 cycle converter 
operates from standard 60 cycle supply. The unit 
employs a generator, direct coupled to 1200 rpm, 
60-cycle synchronous motor. The generator is direct 
mounted on motor, making the unit two-bearing. 
With input variation up to 15 per cent, output for 
steady load, without regulator, will remain within 
1 per cent. Any standard voltage, single or three 
phase, can be supplied. Three phase machines can 
be loaded asymmetrically, without impairment of 
performance. For unity power factor, voltage will 
depart no more than 2-1/2 per cent from slated 
value for any load within rating of machine. With 
correction of power factor to high leading value, 
voltage will hold within better than phis or minus 
1 per cent. For other load conditions, or for closer 
regulation, regulator can be supplied, holding volt­
age within 1/2 per cent for all conditions of load. 

Units from 1 KVA to 10 KVA are available.
Georator Corp., Dept. ED, Manassas, Va.
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Aircraft Safety Device

Monitors Critical 
Temperatures
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Model CTI-10D is powered and operated en- 
tirek by magnetic amplifier circuitry, monitoring 
up to 10 channels of temperature, simultaneously. 
Balance and sensitivity adjustment enable each 
channel to be set for any desired critical tempera­
ture range and trip point. This point may be set 
accurately to within 1 per cent of the operating 
range established. Units comprising a complete 
temperature-monitoring system are: indicator 
panel, for mounting in a convenient location clearly 
visible to pilot or flight engineer; balance and 
power unit; temperature probes; and interconnect­
ing cabling. Power requirements are 105-125 v, 
380-420 cps, 25 w. System accuracy is ±1 per cent 
under specified environmental conditions. The 
warning panel measures 5-3/4 x 3 x 3 in.; the bal­
ance and power unit, 5-1/8 x 9-1/4 x 19 in.; the 
total system weighs 15 lbs. The device meets MIL­
E-5272 for temperature, acceleration, vibration, al­
titude and humidity.

Armoux Corp., Dept. ED, 11924 W. Washington 
Blvd., Los Angeles 66, Calif.
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KEEPING “ELECTRONIC BRAINS" FROM LOSS OF MEMORY. One of science’s 
greater marvels is IBM’s 705 Electronic Data Processing Machine—which 
makes intricate calculations and logical decisions in millionths of a second. 
Heart of this electronic “wizard” is its main magnetic core memory. Designed 
for use with the machine’s high-speed printer is the IBM 760 Control and

Storage Unit containing its own core memory of 1,000 positions which allows 
central processing to continue in the 705 while other data are being printed. 
Helping the 760 remember what information is to be printed is a job for 
Phenolite K Laminated Plastic. Phenolite’s unique combination of prop­
erties makes it ideal for this application.

Thyratron

Xenon Filled

iiillllll
A Xenon filled, 18 amp de thyratron provides 

quick starting and wide temperature limits. It is 
especially designed for motor speed control, resist­
ance welder control, and incandenscent light con­
trol. Designated as the NL-5665/C16J, its ratings 
are: filament volts, 2.5; filament current, 31 amp; 
maximum peak inverse volts, 1250; maximum peak 
forward volts, 1000; average anode current, 18 amp; 
peak anode amp, 100 amp; anode current averaging 
time 4.5 sec; and filament heating time, 60 sec.

National Electronics Inc., Dept. ED, Geneva, Ill.
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MOST ADVANCED FORM OF ELECTRONIC STORAGE. The 1,000-position core 
memory for the IBM 760 Control and Storage Unit—a portion of which is shown 
here—consists of pinhead size cores strung on copper-wired frames of Phenolite. 
Electrical impulses, passing through wires, alter the magnetic state of cores so 
that a group of them stands for a word or figure. Reversing the process recalls 
information from storage. Phenolite frames safeguard the circuit and permit 
stacking of core planes as shown.

PHENOLITE MEETS CRITICAL STANDARDS. Core frames like the one 
shown are punched out of laminated Phenolite by IBM. Each frame 
has printed circuit type terminal strips and soldered connections.
Phenolite proves an ideal material for this application because it is 
mechanically strong and stiff, punches cleanly, etches well, remains 
flat, has high dielectric properties and withstands the heat of dip 
soldering.

NATIONAL CAN HELP YOU reduce unit product cost or improve product per­
formance at no added cost. Here’s why ... You can select the “one best material” from 

over 100 grades of Phenolite, Vulcanized Fibre and National Nylon—without 
compromise in properties or cost. You can simplify production and purchasing with the 
timed delivery of 100% usable parts—from a single reliable source. You gain competi­
tively with National’s new materials and grades—the direct result of programmed 
materials-research.

You benefit by calling National first. Check Sweet’s PD File 2b Na, the Telephone 
Directory Yellow Pages, or write Wilmington 99, Delaware. Dept. E-7.

WILMINGTON 99, DELAWARE
In Canada:
NATIONAL FIBRE CO. OF CANADA, LTD., Toronto 3. Ont



New Products

Hexagon Nut Drivers

Miniature Sizes

Starting where normal size nut drives leave off 
and going down to the no. 00 hexagon nut, this set 
of nut drivers is available in sizes, measuring across 
the flats, of 5/64, 3/32, 7/32, 1/8, 5/32 and 3/16 in. 
Approximate overall length of the nut driver is 2-1/2 
in. Drivers are available in sets containing their 
individual permanent plastic handles, and also in 
replaceable sets with a swivel type jewelers handle.

Hunter Tool, Dept. ED, Box 564, Whittier, Calif.
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At this time, in place of our usually 
scheduled scientific discussions, 
we’d like to introduce our specially 
skilled field representatives to you. 
These men are highly qualified engi­
neers, capable and willing to sit down 
with you to discuss any microwave 
equipment problems you may have. 
They’ll see to it that your problems 
are answered promptly and com­
pletely.

Washington State
J. K. Dooley Co.
3215 Western Avenue 
Seattle 1, Washington 
Murdock 8313

Mid-Atlantic
Gawler-Knoop Co.
178 Eagle Rock Avenue 
Roseland, New Jersey 
Digby 4 2997

835 Glenside Avenue 
Wyncote, Pennsylvania 
Waverly 7-1820 ÿ’ SO* * O" 11

Signal Generator 

900-2100 Mc

The SHF Signal Generator (Model SG-161) oper­
ates over a frequency band from 900 to 2100 mc, 
with an accuracy of better than 1 per cent, pro­
viding signals for a variety of measurements on 
radar and communications receivers. It can be used 
to energize slotted lines for vswr measurements and 
to measure conversion gains of receiver front ends, 
while its low residual rf leakage makes possible 
overall receiver gain measurements at fractional 
microvolt levels. Either cw or pulse modulated out­
put may be obtained and the output continuously 
varied between 0.2 and 200,000 mv into a 50 ohm 
load. The signal generator provides for a choice of 
either internally or externally generated pulses for 
modulation of Klystron oscillator tube. Circuits and 
controls are included for adjusting the repetition 
rates and width of pulsed rf signals when such sig­
nals are derived from the internal modulator. The 
internal modulator may be operated either free run­
ning or synchronized with pulse or sine wave sig­
nals from an external source. In addition to the rf 
output signal, the SG-161 also provides two sepa­
rate output synchronizing signals for external use 
in synchronizing pulsed rf signals with external 
equipment.

Transitron, Inc. Div. of Van Norman Indus., 
Dept. ED, 186 Granite St., Manchester, N.H.
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8726 Colesville Road 
Silver Spring, Maryland 
Juniper 5-7550

Rocky Mountains
Elton Kelley
336 East Fourth Street 
Loveland, Colorado 
Normandy 7 1376

Midwest
Kenneth W. Meyers
1 South Northwest Highway 
Park Ridge, Illinois
Talcott 3-3174

New England and Upstate New York 
Technical Instruments, Inc. 
971 Main Street 
Waltham 54, Mass. 
Twinbrook 3-1400

218 Harrison Street 
Syracuse, New York 
Granite 1-7870

174 Grayton Road 
Buffalo, New York 
Atwater 5095

We've expanded our production runs to fill the increasing demand 
for our catalog products. Delivery on these items can now be made 
within 30 days (at the outside) from receipt of order.

119 Ann Street 
Hartford, Conn. 
Jackson 5-4846 

PRD West Coast Sates Office
737-41 North Seward Street
Suite 7
Hollywood 38. California 
Hollywood 5 5287
TWX LAI101

The listing on the opposite page is a partial rundown of the PRD 
items in stock and available for immediate delivery.

If you don't see the product you want, contact our Engineering 
Representative nearest you (see Microwave Progress column), or 
write directly to us.

P.S. We will always maintain the same high standards of 

product quality that started this increasing demand in the 

first place.

Be sure your name's on our mailing list for;

• PRD Catalog. . complete descriptions and specifications on PRD's micro­
wave equipment. NEW CATALOG COMING SOON!

• PRD Reports internationally famous, authoritative professional papers 
that give practical information on virtually every aspect of microwave 
research and engineering.
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PRD MICROWAVE TEST EQUIPMENT
READY FOR IMMEDIATE DELIVERY!

PRD TYPE #PRODUCT

an

constructed with

250-A

Precision Gears
650-B

8.50 to 9.66
801-A

30 to 1000 mc/s
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pivots, hinges 
Three types

303-A 
306-A 
313-A 
354-B 
356-A

116-A
130 Series
1100 Series
145-A
185-B
192-A
195-B
154-A
196-C
196-D
180-A
200-C
205-A
201-A
203-E
212-A

559 Series 
570 Series 
560-S1 
583-D
585 Series 
621-A 
610-A 
612-A 
627-A 
628-A
631 Series 
643-A

Waveguide Termination 
Fixed Coaxial Attenuator 
Fixed Coaxial Attenuator 
Coaxial Termination
Precision Dial Gauge Attenuator
Precision Dial Gauge Attenuator
Precision Dial Gauge Attenuator
Shielded Uncalibrated Variable Attenuator 
Precision Dial Attenuator
Precision Dial Attenuator
Variable Cutoff Attenuator
Precision Coaxial Slotted Section
Precision Coaxial Slotted Section
Precision Waveguide Slotted Section 
Precision Waveguide Slotted Section 
Precision Waveguide Slotted Section 
Rotary Standing Wave Detector 
Broadband Probe
Standing Wave Amplifier
Waveguide Slide Screw Tuners 
Double Stub Tuner 
E-H Tuner
Waveguide-to-Coaxial Adapter
Waveguide to-Coaxial Adapter
Directional Coupler
Directional Coupler 
E-Plane Bend 
H-Plane Bend
Frequency Standard Multiplier
Heterodyne Frequency Meter
Precision Direct Reading Frequency Meter 
Precision Direct Reading Frequency Meter 
Calibrated Precision Frequency Meter 
Calibrated Precision Frequency Meter 
Direct Reading Frequency Meter 
Tunable Crystal and Bolometer Mount 
Bolometer
Coaxial Tunable Crystal and Bolometer Mount 
Broadband Coaxial Bolometer Mount 
Broadband Coaxial Bolometer Mount 
Broadband Bolometer
Waveguide Thermistor Mount
Waveguide Thermistor Mount 
Universal Power Bridge 
Shielded Tube Mount
Universal Klystron Power Supply
Klystron Power Supply
VHF-UHF Noise Generator

FREQUENCY RANGE 
(kmc/sec)

8 2 to 12.4
2.0 to 10 
DC to 4.0 
0 to 4.0 
7.0 to 10.0 
26.5 to 40.0 
8.2 to 12.4 
8.2 to 12.4 
8.2 to 12 4 
8.5 to 9.6 
8 2 to 10 
1.0 to 4 0 
4.0 to 10 0 
3.95 to 5.85 
8.20 to 12 4 
26.5 to 40.0 
100 to 1.000 mc/s 
1.00 to 12.4 
350 to 2500 cycles 
8.2 to 12.4 
2.0 to 10.0 
18 0 to 26.5 
8.2 to 12.4 
5.4 to 8.2 
7.05 to 10.0 
8.5 to 9.6 
8.2 to 12.4 
8.2 to 12.4 
3.25 to 10,000 mc/s 
100 to 10,000 mc/s 
8.20 to 10.0 
26.5 to 32.0 
2.7 to 3.7 
2.4 to 3.7 
8 2 to 10 0 
18.0 to 26.5 
0 to 12.4 
Ito 10 
0.5 to 10 
0.5 to 10 
0.5 to 10 
8.2 to 12 4 
5.4 to 8 2

are available. Model M-1000A is a
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a balanced armature having no 
bearings.

design incorporates a permanent magnet
electro-magnetic circuit of high efficiency and per­
formance. This arrangement provides the extra 
armature torques necessary to overcome high con­
tact pressures and actuate large contacts. Relay is

This subminiature relay has full 1/8 in. silver or 

palladium contacts, which handle 3 amps resistive 
load standard and 4 amp intermittent. The basic

Subminiature Relay 

High Contact Rating

Spur, spring and clutch gears, and bevel and 

miter gears are among the types available, espe­
cially for servomechanism use. Presently in stock 
for immediate delivery are 48- and 64-pitch spur 
gears, in tooth multiples of 8 and 10, with 14-1/2 
deg pressure angle, and minimum and maximum 
pitch diameters of 9/16 in. and 4 in. respectively. 
Stock gears have clump hubs with 1/4 in. bores.

Helipot Corp., Dept. ED, Newport Beach, Calif.
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de spdt relay with standard pull-in 1/2 w. Vibration 
resistance is 10 g to 2000 cps. Greater sensitivity 
can be achieved by derating the vibration resist­
ance to .500 cps. The standard coil for 24 v opera­
tion has a 550 ohm resistance, with special coils 
available up to 10.000 ohms. Model M-1000AA has 
identical characteristics except that pull-in power is 
2/3 w, and vibration resistance is 30 g to 500 cps 
and 20 g to 2000 cps. Model M-1000P is a two- 
position de polarized relay for use as a versatile 
control element. This relay provides sensitivities 
from 15 mw to 500 mw, and 2 to 3 amp contact 
rating. Vibration resistance is 10 g’s to 2000 cps with 
500 mw models and 10 g to 500 cps with the more 
sensitive models. Coils are available to 10,000 ohms.

Luther Mfg. Co., Dept. ED. 7312 Varna Ave., No. 
Hollywood, Calif.
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Polytechnic Research & Development Co., Inc
202 Tillary Street • Brooklyn 1, N. Y. • Tel: UL 2-6800 

Cable Address: MICROWAVE, NEW YORK
Teletype: Home Office: NY-23157 • Western Office: LAI 101
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For High-quality 

vacuum-tight seals at low

or high temperatures

... specify Centralab' 
Metallized Ceramics
Centralab offers you unmatched facilities and experience 
to produce fired or pressed-on metallized components for all 
your mechanical and electrical uses.

Steatite bodies with low-temperature seals or High Alu­
mina components with special high-temperature alloy seals 
are available.

Properly matched metal-ceramic combinations facilitate 
brazing . . . prevent bake-out. And integrally formed metals 
and ceramics minimize destructive motion and vibration, 
maintain close tolerance, and provide excellent electrical 
characteristics.

Centralab offers you modern facilities and the services of 
ceramics specialists to help improve your product’s efficiency.

Send your inquiry to Centralab today. And ask for Bul­
letin 42-221 showing complete facilities.

Centralab _ . „
J GLOBE-UNION INC.

f 960Q> E. Keefe Ave.
Milwaukee 1, Wis.

In Canada:
804 Mt. Pleasant Road, 
Toronto, Ontario

Discuss your special requirements with your Centralab representative 
CIRCLE 95 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products
Floated Integrating Gyros

Measuring 1 In. Diam

Known as series 101G, these gyros retain all of the 
precision construction of the larger series of the 
company’s floated gyros, the 2-in. 201G and the 
3-1/2-in. HIG-5. Measuring 1 in. in diam, the new 
gyros are fully floated to keep friction and uncer­
tainty torques to low levels and to give the unit re­
sistance to vibrational shock. Trimmed drift rates as 
low as 0.1 milliradians/sec can be expected. Both 
signal generator and torque generator are provided 
for use in closed-loop operation, and a range of im­
pedances and sensitivities are available to meet 
specific requirements.

The unit is arranged in a flanged housing for easy 
mounting, with the input axis located by a notch in 
the flange. Power requirement is less than 1/3 w. 
Connections are made through 11 pin plugs at each 
end of the gyro. Total weight exclusive of con­
nectors is 3-3/4 oz.

Reeves Instrument Corp., Dept. ED, 215 E. 91st 
St, New York 28, N.Y.

GREATER VERSATILITY IN 
SUMMING ANGULAR SHAFT 
POSITIONS. The Hollow Shaft 
design reduces bread-board 
and production costs by elim­
inating the need for stocking 
custom shaft lengths. Can be 
installed or removed without 
disassembly of differential or 
instrument. Small size, low 
inertia, high accuracy. Write 
for complete specifications.

Hollow Shaft Differential

Librascope 
Mechanical

Computer 
Components
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Potentiometer

CIRCLE 97 ON READER-SERVICE CARD FOR MORE INFORMATION

Miniaturized 
Wirewound

Measuring 3/4 in. diam x 3/4 in. long, this 2 w 
precision wirewound potentiometer is composed of 
a one piece anodized aluminum housing securing a 
low loss phenolic terminal board and winding as­
sembly. Shaft torque is 0.05 oz-in. standard, 0.02 oz- 
in. on special request. Independent linearity of 1 
per cent is standard, better linearity can be pro­
vided. The precision potentiometer is available in a 
servo mounting, 75-M27, or threaded bushing, 
75-M7, with a selection of shaft lengths.

Maurey Instrument Corp., Dept. ED, 7924 S. 
Exchange Ave., Chicago 17, 111.

Sine-Cosine Mechanism

INSTANTANEOUS, ACCURATE 
ANGLE RESOLVER FOR ANA­
LOG COMPUTERS. The Sine- 
Cosine Mechanism is a pre­
cision device that permits 
the conversion of angular 
motion into a linear dis­
placement. This displace­
ment is proportional to the 
sine or cosine of the angle 
of input rotation. It is de­
signed to solve range, bear­
ing and vector resolution 
computations. Its features 
include low friction, high 
accuracy, and simplicity of 
installation. Write for com­
plete specifications.

I BRAS CO Pt
Librascope, Inc. 
808 Western Ave. 
Glendale, Calif.

© 1957 LIBRASCOPE, IN
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HOW PRINTED CIRCUITRY
BECAME A MAJOR PRODUCT AT CRONAME

w nil Tin

CRONAME (CANADA LTD, WATERLOO, QUEBEC

ItrbiM.iaiHwIllUl

• CINCINNATI • CLEVELAND • CHICAGO • DETROIT • INDIANAPOLIS • LOS ANGELES • LOUISVILLE • MINNEAPOLIS • HEW YORK • PHILADELPHIA • SYRACUSE

Crómame
INCORPORATED

A few short years ago circuitry was confined to our research laboratories. NOW. EVERY DAY 
thousands and thousands of etched and plated circuits are produced at CRONAME for Amer­
ica’s leading radio, television, electronic, instrument, automotive and appliance manufacturers. 
For over SO years CRONAME has been accepted by industry as a superior source for deco­
rative metal and glass parts, nameplates, grilles, control panels, bezels, escutcheons, jack 
covers, TV masks and assemblies. With the advent of Printed Circuitry, CRONAME'S vast 
experience in precision etching, plating, silk screening and lithographing on metal was called 
upon to lead the way for a new electronic era.

This experience has met the challenge. Our precision quality and service in the infant Printed 
Circuitry industry has brought an acceptance of our circuits exceeding many of our older 
products. Our new Printed Circuitry Division geared for volume production will share a 
major portion of our new facilities now under construction. Your acceptance of our products 
has made this expansion inevitable. We would like to help you improve your product now 
Write for literature.



New Products

Reliable, 
Efficient 
DC 
Conversion

Explosion-Proof Cases 

For Airborne Equipment

This line of explosion-proof cases, to house air­
borne electronic equipment, is designed for use in 
an environment of explosive atmosphere. Flame and 
explosion arresting characteristics meet test proce­
dure 2 of Military Specification MIL-E-5272A. 
Weighing about 10 per cent more than standard 
MIL-C-172B cases, these units fit shock mounting 
racks listed on military standard sheet MS91405 of 
the same specification. Thirteen case volumes are 
available.

Churchill Lighting Corp., Dept. ED, 344 Frank­
lin St., Melrose 76, Mass.
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Oscillogram Reader 

For Data Reduction

Industry’s Highest Power Transistors
Low saturation voltage of Delco Radio 2N173 and 2N174 opens new 

opportunities for converter economy, efficiency and reliability

The excellent electrical characteristics of Delco 
High Power transistors permit the conversion 
of low DC voltage to higher DC voltage—with 
a high degree of efficiency—in a wide range of 
applications. This proved performance offers 
greater reliability than will be found in corre­
sponding vibrator circuits.
The low saturation voltage of Delco 2N173 and 
2N174 transistors also reduces their internal 
power dissipation in conversion applications 
to an insignificant degree so that little self­
heating is apparent. The result is an overall 
economy which permits converters of smaller 
size . . . important in many applications.

DELCO RADIO DIVISION OF GENERAL MOTORS 
KOKOMO, INDIANA

TYPICAL CHARACTERISTICS

2N173 2N174
Properties (25°C) 1 2 Volts 28 Volts

Maximum current 12 12

Maximum collector voltage 60 80

Saturation voltage (12 amp.) 0.7 0.7

Power gain (Class A, 10 watts) 38 38

Alpha cutoff frequency 0.4 0.4

Power dissipation 55 55

Thermal gradient from junction 
to mounting base 1.2° 1.2°

Distortion (Class A, 10 watts) 5% 5%

This Oscillogram Reader reads opaque or trans­
lucent oscillograms, automatically correcting for 
nonlinearity in the record, and prepares data for 
recording by plotting, type-writing, tap-perforating, 
or card-punching devices. Either linear or non­
linear calibration is possible without overlays. 
Curves may be quickly and accurately traced. Edit­
ing, notating, and reading are all possible over the 
entire area of the exposed record. X and Y motions 
are separately inhibitable. This equipment is incor­
porated into a desk-type console 54 in. wide and 59 
in. high and constructed of walnut and formica 
panels on a metal frame. The 12 x 14 in. exposed 
reading area accommodates records 13 in. wide 
with a roll diam of 6 in. Other specifications include 
a 40-400 count per inch resolution, total traxel ± 
999 counts, and accuracy calibrated to ± 0.0 i 0.

Telecomputing Corp., Dept. ED, 16217 Lind­
bergh St., Van Nuys, Calif.
CIRCLE 102 ON READER-SERVICE CARD FOR MORE INFOR TIONCIRCLE 100 ON READER-SERVICE CARD FOR MORE INFORMATION
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Wire-Wound 
Resistors 

Vitreous Enamel

T ese wire-wound axial-lead resistors offer com­
pact size and are designed to withstand high tem­
peratures. A vitreous enamel coating affords en­
vironmental protection. Standard tolerances are ±5 
per cent for 50 ohms and higher and ±10 per cent 
for below 50 ohms. Power ratings are based on 
temperature rise of 300 C in free air with ambient 
temperature of 40 C. Available in 3, 5 and 10 w 
ratings for up to 50 K.

Hardwick Hindle Inc., Dept. ED, 40 Hermon 
St., Newark 5, N.J.
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Coaxial Switch

Direct Scope 
Measurements

This coaxial switch transforms an ordinary oscil­
loscope into an instrument that takes accurate, 
quantitative measurements, offering the simultane­
ous display of two channels or voltages on an 
oscilloscope. The high-speed switch unit utilizes 
two Clare “Mercury-Wetted’ switch elements 
mounted in a coaxial circuit. The switching unit 
has a maximum current rating of 5 amp at 500 v and 
can be supplied for either 50 or 75 ohms with a 
vswr of less than 1.08 from 0 to 250 me. The switch­
ing functions are controllable by circuitry at a 30, 
15, or 10 cps rate, locked with the 60 cycle line. A 
phase reverse switch and a phasing control are pro­
vided for adjusting the phase in respect to the line. 
By switching rf energy up to 250 me, it is possible 
to use one detector for the reference circuit, as well 
as for the unit being tested. This avoids the possi­
bility of error caused by non-identical detectors. 
Suggested applications for the unit are: measure­
ment of attenuation—0 to 250 me; measurement of 
amplifier gain—0 to 250 me; measurement of return 
loss <\swr); comparison of production unit with 
stam’t rd—up to 250 me; general purpose oscillo­
scope switch; display of diode or transistor charac­
teristics; square wave generator.

Jerrold Electronics Corp., Dept. ED, 23rd & 
Chestnut Sts., Philadelphia, Pa.
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MANY FACTORS CONTRIBUTE TO
LOW INSTALLED COST

OF SOUTHCO DRIVE RIVETS

Designers who specify fasteners realize the many con­
siderations that enter into cost determination. While ease 
of installation is often the most important feature, other 
factors affect costs. It may be difficult to put a dollar value 
on availability, for example, but serious financial losses do 
occur when production is held up or shipping dates are 
missed because of a slow fastener delivery. Being able to ship 
from stock, as Southco does, helps avoid production delays.

ELIMINATION OF SPECIAL TOOLS

QUICKLY SET

ECONOMICS OF FASTENING 
COVERS FULL CYCLE 
FROM INVENTORY 
REQUIREMENTS TO 
FINISHED PRODUCT

AUTOMATIC “PULL-UP” ACTION 
ASSURES TIGHT JOINT

Down time due to special tool 
failure and maintenance of special 
fastening tools are two fastening 
costs which are eliminated by 
Southco Drive Rivets. The only 
tool required is a hammer . . . any 
kind of a hammer . . . claw or ball, 
and size is not important. The 
number of men on a Southco 
riveting job is never limited by the 
number of special tools on hand 
and in working order.

To install, Southco Rivets are 
placed in drilled hole. The pin is 
then driven with a hammer. Installa­
tion is complete. No bucking is 
required.

Expanded prongs force parts 
together. Pin is locked securely 
into rivet by displaced metal filling 
unique grooves. Compression 
forces are utilized for greater 
strength.

NO FINISHING OFF, NO WASTE

Impact of hammer seals pin 
neatly in rivet. No part of the 
rivet is cut off and discarded. No 
time-consuming filing, grinding or 
polishing is necessary. No scrap 
to clean up.

©1957

Even when adjacent surfaces are separated, parts are forced 
together by Southco Rivet action, then held tightly in com­
pression.

WIDE RANGE OF APPLICATION
ACCESS APPLICATION

‘TRADE MARK OF 
SOUTH CHESTER CORP.

Southco Drive Rivets are used to secure metal to metal or 
metal to wood. They are equally adaptable to blind or open 
applications. In each, they are quickly set and grip tightly. 
New PLY-HEAD* rivet permits higher loading of "soft” 
materials such as plywood, plastics and composition.!

AVAILABLE IN ALUMINUM
OR STEEL

Southco Rivets are supplied in aluminum or cadmium 
plated steel. The aluminum rivets have either cadmium 
plated or stainless steel grooved pins. The steel rivets have 
cadmium plated steel grooved pins.

Standard head designs are Universal or Countersunk. 
Full Brazier heads are available in popular sizes. New 
PLY-HEAD rivet rounds out line.

ALUMINUM

DIAMETERS

DIAMETERS LENGTHS NOMINAL GRIPS

’A" ’A" to ’A" ’/fa" to’Mi"
%” îfa" to 3A" Yu” to %"

’A" to %" Jfa" to %"
’A” %2" to ’A” M*" to %"

LENGTHS

’A" to 'A" 
’A" to %" 
’A" to ’A"

NOMINAL GRIPS

’/fa" to’%1" 
%" to %" 
%ï" to %"

FREE FASTENER HANDBOOK . .. Send for your free copy 
of Fastener Handbook No. 7, just released. Gives complete engineering 

data on these and many other specialty fasteners. 52 pages, in two colors. 
Write on your letterhead to Southco Division, South Chester 

Corporation, 235 Industrial Highway, Lester, Pa.

/ BLIND I K TURN I ADJ. PAWL I DOOR I RETAINING I ANCHOR
* RIVETS I FASTENERS | FASTENERS I LATCHES I SPRINGS I NUTS
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PROBLEM:
Provide a reliable memory storage 
facility for digital computers . .. 
high speed, absolute dependability, 
compact size essential.

SOLUTION:
Magnetic Core Memory Planes by 
General Ceramics ... far exceeded 
the requirements, won immediate 
acceptance of leading computer 
manufacturers.

Completely Assembled 
Coincident-current Magnetic 

Memory Planes for Computers, 
Switching and Automatic Control Systems

Digital Clock
Time Source

General 
Ceramics

FERRAMIC MAGNETIC
MEMORY PLANES

This digital clock is a multiple output unit de­
signed to serve as li time source for data loggers, 
data handling systems, computers, digital time dis­
plays and other applications where a digital repre­
sentation of time is required. It also functions as a 
twenty-four hour program controller, providing a 
contact closure for every minute of the day. The 
output is a parallel, decimal contact closure pattern, 
based upon twenty-four hour time, i.e., 2:26 PM is 
represented as 14:26. As many as three completely 
independent parallel outputs can be supplied in one 
unit. Designed for 19 in. wide relay rack mounting, 
the digital clock requires 3 12 in. of panel height. 
The depth behind the panel is 12 in. Top and bot­
tom covers are removable, permitting full access to 
all components. The clock utilizes printed circuit 
techniques for the digital circuitry; no stepping 
switches are used.

Supply voltage is 110-120 v, 60 cycle, as standard; 
other voltages and frequencies are available. Power 
consumption is 6 w continuous with peak power 
requirements of 200 w. Average power is about 7 w.

Chrono-Log Corp., Dept. ED, P.O. Box 4587, 
Philadelphia 31, Pa.
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Utilizing Ferramic Magnetic Memories resulted in important increases in 
reliability, speed and accuracy in actual operation. In addition, designers found 
space requirements sharply reduced. Lower power consumption, lighter weight, 
elimination of heat dissipating devices and greatly reduced maintenance were 
other significant improvements.

General Ceramics Magnetic Memories offer a solution to similar problems 
in automatic control systems for conveyors, elevators, telephony, production 
machines, processing equipment and signalling. For further details, write General 
Ceramics Corporation, Keasbey, New Jersey. Please address inquiries to 
Dept. ED.

GENERAL CERAMICS
Industrial Ceramics for Industrial Progress...Since 1906

FERRAMIC CORES
FERRAMIC 

MAGNETIC CORES PRECISION STEATITES
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CL ■Completely assembled standard type 
memory frames available from stock. 
Memory Frames of special design can 
be produced to your specifications.

Battery Eliminators
6 v or 12 v

The model “A” Battery 
for use with transistor or

Eliminator is designed 
vibrator operated auto

ADVAC" HIGH 
TEMPERATURE SEALS

INFORMATION
SOLDERSEAL TERMINALS

radio sets. It provides 6 v or 12 v de output opera­
tion at negligible ripple current, featuring 8 posi­
tion voltage control voltmeter, ammeter, and com­
pletely automatic operation.

American Television & Radio Co, Dept. EI X 300 
E. 4th St., St. Paul, Minn.

CIRCLE 74 ON READER-SERVICE CARD FOR MORE INFOR \f HON
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Designed for

Guided Missiles

Airborne Communications

Dept. ED, 1925
New York Ave., Huntington Station, N.Y,

Radar
CARD FOR MORE INFORMATIONCIRCLE 75 ON READER-SERVICE

Test Equipment

Closed Circuit TV

NEW SHARP CUT-OFF DUAL-CONTROL PENTODE
HIGH TRANSCONDUCTANCE

CLIP AND MAIL COUPON

NAME.

COMPANY.ouse
ADDRESS.

CARD FOR MORE INFORMATION

studs for mounting.
Control Electronics Co

This VTVM includes 
hich can measure both
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you CAN 8E SURE...IF it's

Commercial Eng. Dept., Electronic Tube Div, 
Westinghouse Electric Corp., Elmira, N. Y.

Please send me complete data on your new 
WL-6954 pentode.

Now! Simplify pulse-forming circuits 

with new Westinghouse WL-6954Delay Line 

100 psec Delay

Phase Angle VTVM

Measures Phase and 
Magnitude

signal as well as perform other test functions. It 
permits measurement of 400 cps signal phase angles, 
E cos (-), E sin 0 and vector sum. Measurements are 
unaffected by quadature. Total harmonic rejection 
can be obtained by optional filters in signal and/or 
reference channels. Factory modifications adapt the 
instrument to 60, 1000 cps and other frequencies. 
Major applications are phase sensitive null indica­
tion, testing synchros, servo-mechanisms, magnetic 
amplifier carrier amplifiers, notch networks and 
transducers.

As a conventional VTVM, measurements are 
1 mv to 300 v full scale at frequencies of from 10 cps 
to .50 kc.

North Atlantic Indus., Dept. ED, Instrumentation 
Div., 603 Main St., Westbury, L.I., N.Y.

ELECTRONIC TUBE DIVISION • ELMIRA, N. V.
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The new Westinghouse WL-6954 is a 7-pin minia­
ture pentode designed for application in Military 
and Industrial equipment as a gating, coincidence, 
mixing or delay tube.
Built to high standards of reliability, it meets 
MIL-E-1C vibration test specifications. It permits 
simplification of pulse-forming circuits and has the 
advantage of high transconductance from Grid 3 
to Plate.
The WL-6954 is available in production quantities

Tin model F-186 delay line has a delay of 100 
usec with low attenuation and is tapped every 2 
nsec. \t the full delay of 100 psec, the risetime is 
55 list c and the attenuation is 1.4 db. The charac­
teristic impedance is 2000 ohms. The unit comes 
in a hermetically sealed box with dimensions of 
10-1 2 long x 4 wide and 6-3/8 in. high. Twenty­
fix e tap terminals are brought out on each of the 
10-1 2 x 6-3 8 in. sides for total of 50 taps. The 
d Jay line can be cascaded with additional units to 
provide longer delays. Four such units will provide 
a delay of 400 psec with a risetime of 17 psec and 
an attenuation of 6 db. The unit is provided with

a phase sensitive rectifier 
magnitude and phase of a for immediate delivery. It’s one more reason why— 

when you want highest quality tubes for Military 
or Industrial purposes—you’ll find it wise to check 
Westinghouse.
SAMPLE ORDERS INVITED! IMMEDIATE DELIVERY.



new and unique
New Products

Slide-Back VTVM

0.05 Per Cent Accuracy

311KW»

swit<

Eliminate

CIRCI

SPEED DESIGN OF TRANSISTOR CIRCUITS
With the SPRAGUE TRANSIMULATOR
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SPRAGUE PRODUCTS COMPANY, NORTH ADAMS, MASSACHUSETTS

CARD FOR MORE INFORMATION
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Nacimco Products, Inc., Dept. ED, 2300 
Ave., National City, Calif.

tlHMU **1*

.«Hl« «I«'*

5-WAY BINDING POSTS- 
external supply voltag«, 
degeneration, bypass, 
coupling, signal inputand 
output, almost any con­
nection required.

BIAS RESISTANCE­
variable.
LOAD RESISTANCE

CIRCLE 116 ON READER-SERVICE CARD FOR MORE INF U» MATION

variable.
EMITTER RESISTANCE —Up to 2,500 ohms variable. Series 
resistor and bypass capacitor can be added.
BASE COLLECTOR STABILITY —Up to 250,000 ohms 
variable. Series resistor and bypass capacitor can be added. 
VOLTAGE DIVIDER STABILITY —Up to 50,000 ohms variable.

BATTERY SUPPLY—Separate bias and load. 1.5, 
6 volts d-c. Polarity Reversing Switch.
COUPLING —2 ut and 20 ^f Direct, and Ext. C. posts, 
on both Input and Output.

ELECTRONIC DESIGN • July 1
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Accuracy of this instrument is only limited by 
read-out method employed, and can be better than

tions 
these 
tive

“““ 

. (»HM« »*l" ‘

Digital Tachometer

Accurate to 0.001 RPM
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Bring transistor circuits to life in a matter of minutes 
with the Sprague LF-1 Transimulator. This new 
instrument lets you simulate any amplifier stage, a-c or 
direct-coupled, short of high power audio output; also 
multivibrator, switching, phasing, push-pull, Class A 
and B, and many others using cross-coupled Transimu­
lators ... whether the circuit is common or grounded 
emitter, base, or collector ... whether the transistors 
are PNP, NPN, or Surface Barrier. You can simulate 
circuits stage-by-stage for cascade operation ... or use 
a separate Transimulator for each stage to get simul­
taneous multi-stage operation.

Bring Circuit Diagrams To Life In Minutes
Everything you need for RC amplifier circuits is built 

right into the LF-1, including coupling capacitors . . . 
bias and load resistors . .. battery voltage supplies . . . 
Base Collector—Voltage Divider stabilization circuits 
... 5-way binding posts for transformer coupling and 
metering.

W hether you’re designing audio circuits or switching 
circuits, you’ll get a true picture of operating parameters 
minutes after you’ve drawn the circuit diagram ... 
without wasting valuable time with breadboard and 
soldering gun.

Pays For Itself In A Matter Of Weeks
An ideal laboratory instrument, Transimulators are 

inexpensive enough to justify several on every bench. 
You can even use the LF-1 to test transistors in the 
circuit. . . the only real proof of design parameters. 
And a complete step-by-step instruction manual makes 
operation fast, simple, and easy.
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The TS-E6 is a slide-back VTVM which meas I 
ores de voltages in two ranges. The first range from 
0.01 to 110 v, and the second range from 110 to I 
1100 v. An accuracy of 0.05 per cent is maintained 
on both ranges. The equipment operates equalh 
well on 60 cps and 400 cps at 110 v ac. The rnainte 
nance and cycling time on the TS-E6 is held to a 
minimum because the meter contains a built-in 
standard cell for instant on-the-spot calibration. 
This unit contains no motor or stepper-switches 
that can burn out and complicate maintenance! 
problems.

Accuracy of measurements is in no way depend­
ent upon the deflection sensitivity of the meter 
movement, since it is a zero current operated de­
vice; the meter is used strictly as a null indicator.

George Vincent McMahon, Dept. ED, 381 W.7th 
St., San Pedro, Calif.

FEATURES OF THE LF-1 TRANSIMULATOR
TRANSISTORS—PNP and NPN Junction, and Surface Barrier. 
CIRCUITS—Common or Grounded Emitter, Base, Collector. 
RANGE — Audio, up to 100 kc.
TRANSISTOR POWER—Through medium power audio output.

0.001 rpm, with a scale of zero to 10,000 rpm. Out­
put can be by sharp pulse or sine wave with signal 
set 1 to 100 per revolution. The tachometer is avail­
able with either single-ended or feed- hrough 
shafts, for mounting on drive pads

tun«» ____-

For meters, transformer coupling

only

SPRAGUE
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problems? tion

solve them with CIRCLE 121 ON READER-SERVICE CARD FOR MORE INFORMATION
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Ceramic Resistors

Variable Power Supply 
0.01 Voltage Variation

Salt Spray Test 
Chamber

Lucite Construction

transistor temperature problem, submit details

to globar Division, The carborundum Company, Dept. ED 87-711, Niagara 

Falls, New York. Ask for Technical Bulletin GR-3 ... describes physical and 

electrical characteristics of globar Thermistors.

ELECTRONIC DESIGN • July 15

Minimize Ico variation and prevent thermal runaway by using Globar thermis­

tors. They are available in a wide range of resistance values and temperature 

coefficients to meet most transistor circuit requirements.

Globar I hermistor Test Kits are available for general evaluation in transistor

Model 700-A 1.5 amp power supply, features 
less than 500 mv ripple, less than 0.01 output volt­
age variation from no load to full load, and uses 
5-1/4 in. of rack height. Voltage across the series 
tubes is kept constant by a secondary feedback 
loop, while1 the primary feedback loop controls the 
output voltage. Varying the line voltage, changing 
the load, or manually varying the output voltage 
does not affect the average series tube dissipation. 
As a result, the regulator does not lose regulation 
with a full 1.0 amp step change in load.

Harrison Labs. Inc., Dept. ED, Berkely Heights

An All-Lucite test chamber is used for determin­
ing salt fog corrosion resistance of materials and 
components. The chamber, when connected to a 
low pressure air supply produces fine mist, and 
reaches test conditions within 15 min. Speci­
mens to be tested are then suspended from 
Lucite hanger rods which are supplied with the 
chamber. Bulkier components can be placed on the 
bottom of the chamber supported by rods to avoi( 
contact with the salt solution. The Lucite construc­
tion assures complete visibility from all angles of 
the1 test in progress. The unit is equipped with tem 
perature controllers and indicators for both the 
chamber and the air saturation tower. Dim* nsions 
of the chamber are 20 x 20 x 20 in.

Assoc. Testing Labs., Dept. ED, 412 Jinton 
Road, Caldwell, N.J.
CIRCLE 122 ON READER-SERVICE CARD FOR MORE INFO NATION

circuits. If you have a

by CARBORUNDUM
Over 30 years’ experience in the field of special ceramic resistance devices
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Packaged Filter & Blower

Reduced Size

min

true-

D. E. MAKEPEACE COMPANY Attleboro, Mass.
sions

nton
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with respect to the ring, and with 
current flowing from brush to ring

and 2Q408 
have the ] 
which is 7

of a Series of 
Data Sheets

(or vice versa), there are variations 
in current flow resulting from the 
imperfect contact between the mov­
ing elements of the circuit. Even for 
general purpose slip ring applica­
tions, this current variation is kept 
to a minimum by proper selection 
of compatible materials. The resist­
ance variation seldom exceeds .005 
ohms for double contacts on a ring. 
This is equivalent to about 1 ft. of 
#16 AWG copper wire.

Pan..
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i require 5 1/4 in. of panel height but 
performance of Model 2E408 blower 
in. high throughout, and will dissipate 

heat load with an air temperature rise 
total of 25 models are available.
Engineering Labs., Dept. ED, 70 Wash­

., Princeton, N.J.

General Purpose Slip Ring Assem­
blies are those which are used in 
relay, lighting and power supply cir­
cuits. These circuits are character­
ized by lack of sensitivity to external 
electrical influence induced by elec­
tro static or electro magnetic fields 
from other circuits. Another usual 
characteristic of these assemblies is 
their limited powerhandling require-

General purpose rings are usually 
limited to slow rotating speeds, not 
more than 1,000 rpm or less than 
1,000 feet/minute. If this speed is 
exceeded, the assembly is no longer 
considered a general purpose ring 
assembly, because special brush 
materials or even air cooling may 
become necessary.
Additional considerations for this 
type slip ring assembly come under 
the other type assemblies to be dis­
cussed at a future time.
makepeace complete staff of spe­
cialized design engineers are avail­
able to discuss your slip ring 
problems.

ments. For higher current and power 
requirements, the rings are usually 
classified as power rings.
Design techniques have been deveb 
oped for small size and light weight. 
These are drum type, pan type, and 
electro formed assemblies.
The drum type are brushed on the 
surface bounded by the outside di­
ameter, Another drum type ring is 
brushed on the flat surface. In this 
instance the brushes project between 
the ring surfaces.
Pan type construction consists of a 
concentric, nested set of rings on 
one plane.
It is relatively easy to make electro 
formed rings of the first mentioned 
drum type and the pan type, and 
they perform well as general pur­
pose rings. However, choice of mate­
rials is limited.

-McLean 
ingtoii Rd.

rSuP P/WG f-Mowr/AG Poms

Packaged blowers are available in several sizes 
to utilize the minimum of valuable panel height in 
an electronic rack by designing the filter and blower 
section to protrude into the normally unused base 
section of the rack. The blower is normally the 
bottom component on a relay rack. Models 2P408

Brush contact mate­
rials for slip rings arc 
usually sintered sil­
ver-graphite; the sil­
ver provides the low 
contact and brush re­
sistance, and the 
graphite provides lu­
brication for long 
wear.
As the brush moves

uses 
eries

Waveguide Switches 

Rotary Channel Type

This miniature waveguide switch provides 
switching of signals from any one of three positions 
to either of the remaining two and will not change 
to another position upon failure of its power supply. 
The characteristics of the 1 x 0.5 in. OD size switch 
include a frequency range of 8500 to 9600 me with 
a maximum vswr of 1.10 and a minimum isolation of 
40 db. The maximum switching time is 0.25 sec. for 
240 deg operation and 0.15 sec. for 120 deg opera­
tion. It operates at 3 amp maximum at 28 v de nomi­
nal and employs 20 lb of pressurization throughout. 
Available in Xs and XL band series, Airtron switches 
are of the rotary channel type using a circular bend 
in the rotor and a broadband internal choke design. 
Other frequency bands and special designs can be 
supplied. The three position switch can be designed 
with the circular bends in the II plane on special 
order.

Airtron, Inc., Dept. ED, Linden, N.J.
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The fabricated type construction 
will be superior and will surpass all 
the usual requirements of general 
purpose rings over the electro 
formed construction for universal 
applications.
Fabricated ring stacks are metal 
rings separated by plastic laminate 
insulators. The plastic laminate 
should be treated with an insulating 
varnish to seal the machined edges 
against the entrance of moisture. 
The rings may be continuous and 
machined from plate stock or 
stamped from sheet. The standard 
hardness for the rings is 125 BHN 
minimum.

Dmu Type Serf Rrffi Ass y 
Fabric avío of Fercrfo R>fMet>

SLIP RING ASSEMBLIES

Makepeace SUP RIÑES



“Normalizing” Hipersil Cores 
holds magnetic values constant

Wiring Duct 
Snap Slot

Both “normalized" and un-"norm- 

alized" cores record the same excit­
ing current before encapsulation in 
high-temperature resin.

New Products

This plastic wiring duct, which requires no spe­
cial fasteners, features a snap-in open slot design 
allowing wires to be installed in the duct with lugs 
already attached. The snap-in design eliminates 
operation of threading wire through duct holes. To 
insert a wire, the plastic finger separating the slots 
is pulled out, laid in the duct, and the finger re­
leased. A duct cover is snapped in place on the duct 
after wires are laid. The duct is also available in an 
overlapping closed-slot design which allows wire 
insertion over full length of the duct with no dead 
spots. Duct and cover are non-flammable dark grey 
vinyl plastic meeting J.I.C. specifications. Cutting 
is easily accomplished with snips or ordinary wood 
cutting tools.

Panduit Co. Dept. ED, 10132 S. Washtenaw Ave. 
Chicago 43, 111.

Westinghouse has licked the bugaboo of heat in transformer treatment 
and operation. “Normalizing,” a process exclusive with Hipersil cores, 
relieves internal stresses in the core structure.

Both exciting current and inductance “stay put” when a transformer is 
built around a “normalized” Hipersil core. Thus, magnetic values remain 
constant (within practical limits) even when the transformer is cast or 
encapsulated in high-temperature resin, or operated at high temperatures.

Electronics industry demands are ideally met with Hipersil cores. 
Smaller, lighter transformers result from such revolutionary core proper­
ties as oriented grain direction, with 100% coincidental flux; lowest pos­
sible core volume for high-tempera ture transformers; highest permeability, 
lowest loss; and 100% flux-carrying activity. These values, plus the extra 
magnetic stability added by “normalizing” make Hipersil the preferred 
core for more efficient, compact transformers ... at lower cost.

Also available from Westinghouse: a complete line of both Hipermag* 
and Hiperthin* cores for every electronic application.

For extra profits from your production, send for the Type “C” Hipersil 
Core Design and Application Manual. Write to Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pennsylvania. *^adje.'7O799
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Miniature Magnetic 
Pickup

No Physical Contact

A magnetic pickup, Model 3055, provides mini­
mum weight and size with a maximum voltage out­
put. Weighing about 4 grams, the pickup is a sensi­
tive transducer which translates the movement of 
ferrous objects, without physical contact, into meas­
urable ac voltage. The output, proportionate to the 
rate of the object’s movement, can indicate motion, 
torque, rpm and vibrations.

Heart of the pickup is an Alnico magnet which 
energizes a pole device surrounded by a coil of wire. 
The pickup creates an external magnetic field, 
which when interrupted or distorted by the move­
ment of an external ferrous metal object, generates 
the ac voltage. Operable in temperatures up to 250 
deg F., the pickup has a 7/8 in. overall length and 
1/4 in. diam. Six inch output leads are provided. 
The mounting end of the pickup has been threaded 
to screw into a 1/4 in.-40 NFS tapped hole.

Electro Products Labs., Inc., Dept. ED, 501 N 
Ravenswood Ave., Chicago 40, Ill.
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you CAN BE SURE... IF it's

Westinghouse

ELECTRONIC DESIGN • July 15 1957

"Normalized" Hipersil core shows 
exciting current unchanged after 
encapsulation.

Un-"normalized" core, with the same 
applied voltage, records consider­
ably higher exciting current after 
encapsulation.

“Normalizing” relieves internal 
stresses, prevents core movement 
and physical damage such as 
spreading at the butt joint when 
subjected to high-temperature 
operation or encapsulation.
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Each unit features simplified design, highest 

quality components, easy-to-trace wiring, 

and ample working room under the chassis. 

Components are derated to run cool and 

last longer. Write for literature on any or 

all models.

Magnetic 
Potentiometer

FITS INTO SMALL AREA OF
RELAY RACK
Size: 5y4"x 19" panel-9" 

depth.
Output: 0-300 V.D.C. continu­

ously variable without 
switching. Current: 0-150

Regulation: 105-125 V. line: 
0.15%; NL to FL: 100 MV 
change.
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Analog to Digital 
Converter

70 Counts per Sec

WIDE RANGE, HIGH 
PERFORMANCE
Output: 3-1000 V.D.C. continu­

ously variable without 
switching.
Current: 0-500 MA.
Output current needs no de­
rating throughout full range.

Regulation: 105-125 V. line: 
400 MV change; NL to FL: 
800 MV change.

bulletin 1021

28V.D.C.-5 AMPS—
REGULATED BY MAG. AMPL
You get the dependability and 
long life of a magnetic ampli­
fier in this unit. Regulation — 
for 105-125 V. line: ± .25V.; 
NL to FL: ±0.5V. Size: 4" wide, 
12%" long, 7" high.

bulletin 1019

Sub-Miniature 
Terminals

Direct Assembly to 
Panels

istmi*

A magnetic potentiometer for transmitter and/or 
rec< ¡ver in servo systems. Directly interchangeable 
with may for models of synchro’s for increased re­
liability, and offering infinite resolution. No electri­
cal contacts, slip rings, etc. Output is linear with 
shaft rotation to better than 0.5 per cent. One to ten 
turn models are available in standard servo mount­
ings from 0.937 in. and larger.

Instrol Inc., Dept. ED, 722E. Gutierrez St., Santa 
Barbara, Calif.
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The terminals, measuring 0.17 in. diam x 1/4 in. 
outside height x 1/16 in. inside height, have a 
Teflon coated outer insulator, and are available in 
either feed-through or turret head styles. They can 
be assembled directly to the panel, thereby allow­
ing unlimited patterns and eliminating the neces­
sity' of soldering in headers.

Sphere Co. Inc., Dept. ED, Eagle Rock Bldg., 
25 Amity St., Little Falls, N.J.
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MANY POWER SUPPLIES IN A 
COMPACT PACKAGE
Outputs: 0-300 V.D.C. at 0-300 

MA; 0-300 V.D.C. at 0-150 
MA—both continuously vari­
able without switching.
Bias voltage 0 to -145/155 
V.D.C. at 0-5 MA.
Low ripple on D.C. outputs. 
0-10 V.A.C.—controlled by 
Powerstat.

Size: 834" x 19 * panel -17" 
depth.

150W... SMALL SIZE, WIDELY 
ADJUSTABLE
Output: 500 V.D.C. at 300 MA 

— adjustable by simple in­
ternal changes.

Regulation: 105-125 V. line: 
0.5%; NL to FL:

Ripple: 0.1% change below 
10 MV RMS for any rated 
voltage or load.

Size: W: 5"; L: 12%"; H: 53/8" 
above deck.

bulletin 1017

FOR TRANSISTOR AND STRAIN 
GAUGE CIRCUITRY
Output: 0-60 V.D.C.; current: 

0 1 amp. Provides full out­
put current throughout en­
tire range with no derating.

Regulation: 105-125 V. line: 
0.1%; NL to FL: 20 MV 
change.

Recovery: NL to FL: 0.5 milli­
second; FL to NL: 0.25 milli­
second.Model 100A has an accuracy of ±1 count and 

readings as high as 70 per sec. Input is 0 to 130 v. 
Unit supplies power for external scale changing 
amplifier. It can be used as a counter, timer or an 
events per unit time instrument. Gontains decimal 
point locater and both decimal and binary coded 
output. Four digit 0.01 per cent accuracy models 
are also available.

Electronic Computer Co., Dept. ED, 6191 Ridge 
Ave., Philadelphia 28, Pa.
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simplify and speed research
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ACTUAL 
SIZE

FROM TRANSISTOR CENTER, U.S.A,

fi
PHILCO Transistors

2N207

2N207A 
2N207B 
T0031

MINIATURE LOW LEVEL AUDIO TRANSISTORS (25 mw) 
general purpose micro-miniature low level transistor, typical beta of 
100, 15 db maximum noise figure 

10 db maximum noise figure version of 2N207 

5 db maximum noise figure version of 2N207 

50 volt version of 2N207 

Special versions of the 2N207 to selected beta ranges are available.

Proven performance of Philco 

Hermetically Sealed Transistors 

has made them the basis for 

design in commercial and mili­

tary applications where relia -

T1166

T1025
TH 59

HIGH FREQUENCY. HIGH GAIN (MICRO ALLOY) TRANSISTOR 
combines high frequency response with high gain for general purpose 
high frequency applications and switching circuits, typical fmox 60 me

actuai 
SIZE

HIGH FREQUENCY SILICON TRANSISTORS (150 mw)
general purpose, 10 me silicon transistor

high speed silicon switch for speeds up to 5 me characterized by ex­
tremely low switch resistance

HIGH FREQUENCY SURFACE BARRIER TRANSISTORS
SB1OO general purpose, minimum fmax = 30 me, beta over 10.5 

general purpose, good beta control (11-33)2N344/ 
SB1O1
2N345/ 
SB 102

general purpose, higher beta (25-110)

2N346/ 
SB1O3

general purpose, higher minimum fmax (60 me)

2N128 general purpose, with military specifications, beta 19-66, minimum 
fmax 45 me

2N129 general purpose, with military specifications, beta over 11.5

2N240 switching transistor, f c(b> 30 me

2N299 for tuned amplifiers, military specifications, 20 db minimum power gain 
at 10 me, minimum fmox 90 me

2N3OO for video amplifiers, 50 me minimum current gain bandwidth product, 
fmax over 85 me

T1050 high frequency transistor for 50 me oscillator mixers and 10-15 me 
bandpass amplifiers, 22 db typical power gain at 10 me

Other types with special parameter controls are available.

2N223
T1000
T1001 
2N224 
2N226

MEDIUM POWER ALLOY JUNCTION AUDIO TRANSISTORS (100 mw)
39-120 beta driver transistor

45-85 beta version of 2N223

70-120 beta version of 2N223

high gain output transistor, 2N225 is a matched pair

medium gain version of 2N224, 2N227 is a matched pair

Versions of the 2N224 with various beta ranges and higher betas are 
available singly or in matched pairs.

T1040
T1041
11167 — £
T1168

AUDIO POWER TRANSISTORS
40 volt, 7 watt power transistor, thermal drop 3’C/w maximum
40 volt, 10 watt power transistor, thermal drop 2.5°C/w maximum

60 volt, 12.5 watt power transistor

&0 volt, 12.5 watt power transistor

Philco transistors range from 

the world’s smallest germanium 

transistors now in production 

to silicon transistors with ex­

cellent performance at tempera­

tures from —60°C to + 150°C.

Philco produces a wide 

range of transistors designed 

for special applications in ac­

cordance with customer require­

ments. The Philco Micro-Alloy 

Transistor is in production. 

Specifications and design quan­

tities are available. New and 

exciting transistor types, such 

as the Philco Micro-Alloy Grad­

ed Base Transistor, are now 

in development. In keeping 

with our policy, specifications 

will be made available as soon 

as these units reach pilot pro-

duction and are available 

design quantities.

Alate Philco your prime source 
complete transistor application

in

for 

in-
formation... write to Lansdale Tube

Company, Dept. 1-2, Lansdale, Penna.

Regional offices—Merchandise-Mart Plaza, 
Chicago 54, Hl.—10589 Santa Monica 

Blvd., Los Angeles 25, Calif.

LANSDALE TUBE COMPANY DIVISION
LANSDALE, PENNSYLVANIA

New Products

Twin Triode Oscillator

470 to 890 Me Use

The 3AF4-A is a medium-mu twin 
triode of the seven-pin miniature 
type designed especially for use as an 
oscillator in tuners of uhf television 
receivers, covering the frequency 
range from 470 to 890 me. It is like 
the popular 6AF4-A but utilizes a 3.2 
v/450 ma heater having controlled 
warm-up time. The 3AF4-A features 
a small mount structure with small 
elements to provide low interelectrode 
capacitances; short internal leads to 
reduce lead inductance and resist­
ance; silver-plated base pins to min­
imize losses caused by skin effect at 
the ultra-high frequencies; and dou­
ble base-pin connections for both 
plate and grid. The double connec­
tions are arranged so as to facilitate 
use of the 3AF4-A with either series 
of parallel resonant lines.

Radio Corporation of America, 
Dept. ED, Electron Tube Div., Har­
rison, N.J.
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Strain Gage Bridge

Operates Off Line Voltage

Indicators and recorders available 
in the 10 mv range work in well with 
the B-l bridge without the need for 
further amplification. Because the B-l 
operates off the line rather than bat­
teries, there is power to drive higher 
resistance gages fully and thereby get 
increased sensitivity. The bridge han­
dles SR-4 strain gages and similar 
transducers, and drives indicators, 
recorders, and oscilloscopes. De 
power on the bridge is regulated. One 
feature of the B-l is the use of higher 
resistance internal bridge arms. These 
go in series with the external gages on 
the two arm connection, and thereby 
give practically double the output for 
the same gage current that would be 
obtained with the internal arm equal 
to the resistance of the external arm.

Ellis Associates, Dept. ED, Box 77, 
Pelham, N.Y.
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General Purpose, Low Frequency

Manufacturer 
and Type

Class and Application Wc 
(mw)

Maximum Ratings
Ti

(C)
(a)mw/C 
(b)C/mw

Vc 
(volts)

lc 
(ma)

ßora

Amperex Biecfronic corp., Hicksville, N. T.
2N284 p-n-p, alloy, hi-current switch 167’ 75 32 250 45
2N284A p-n-p, alloy, hi-current switch 167’ 75 60 250 45
OC6S p-n-p, alloy, hearing aid 50 1.54(a) 10 10 30
OC66 p-n-p, alloy, hearing aid 50 1.54(a) 10 10 47
2N109/2N217 p-n-p, alloy, audio driver, out. 125 2.5(a) 32 70 70
2N279 p-n-p, alloy, audio pre-amp. 2.5(a) 30 10 40
2N28O p-n-p, alloy, audio driver 2.5(a) 30 10 75
2N281/2N2822 p-n-p, alloy, audio output 167 3.33(a) 32 125 70
2N283 p-n-p, alloy, audio 2.5(a) 32 10 55

British Thomson-Houston Ixport Co., Ltd.
Rugby, Warwickshire, Ingland

GT1 p-n-p, alloy 50 65« 1.25(a) -9 -10
GT2 p-n-p, alloy 50 1.25(a)
GT3 p-n-p, alloy 50 1.25(a)
GT11 p-n-p, alloy 25 0.75(a)
GT12 p-n-p, alloy 25 0.75(a)
GT13 p-n-p, alloy 25 0.75(a)

CBS-Hytron, Lowoll , Mass.
2N18O p-n-p, alloy, gen. purp. 250s 75 3(a) -30 60
2N181 p-n-p, alloy, gen. purp. 250 75 5(a) -30 60

Fretco Inc., Pittsburgh, Pa.1 2N34 p-n-p, fused, lo-pwr., lo-freq. 50 30 -25 4-8 0.98
2N3S n-p-n, fused, lo-pwr., lo-freq. 4-25 -8 0.981 i 2N36 p-n-p, fused, lo-pwr., lo-freq. -25 4-8 45
2N37 p-n-p, fused, lo-pwr., lo-freq. 30
2N38 p-n-p, fused, lo-pwr., lo-freq. 15

General Electric Co., Syracuse, N. Y.
2N43 p-n-p, fused, audio 150 100 2(a) -20 50 50
2N43A p-n-p, fused, audio 50
2N44 p-n-p, fused, audio 22
2N45 p-n-p, fused, audio 12L 2N186 p-n-p, fused, audio out. 75 85 1.25(a) -25 200 24

1" 2N186A« p-n-p, fused, audio output 180 85 3(a) -25 200 24
2N187« p-n-p, fused, audio output 75 1.25(a) 36

! 2N187A6 p-n-p, fused, audio output 180 3(a) 36
2N188« p-n-p, fused, audio output 75 1.25(a) 541 2N188A« p-n-p, fused, audio output 180 3(a) 54

2N189 p-n-p, fused, audio driver 75 85,. 1.25(a) -25 50 i r 24
2N19O p-n-p, fused, audio driver

* 36

2N191 p-n-p, fused, audio drii^£ 1 1 J 54
1
L 2N192 p-n-p, fused, audio driver 75

2N241 p-n-p, audio 100 3(a) 200 73

2N241A p-n-p, audio 180 85 3(a) -25 200 73
2N26S p-n-p, alloy, audio 75 1.25(a) -25 50 110
2N319 p-n-p, audio 200 -20 200 36

f 2N32O p-n-p, audio 200 85 -20 200 54
2N321 p-n-p, audio 200 85 -20 200 73

2N322 p-n-p, audio 75 85 -16 50 36
2N323 p-n-p, audio 75 -16 54
4JD1A17 p-n-p, fused, audio 150 -20 40
2N324 p-n-p, audio 75 -16 75

General Electric Co„ Ltd.,
London, England

GET3 p-n-p, alloy, audio 150« 55 5(a) -12 -50 50
GET4 p-n-p, alloy, audio -30
GET6 p-n-p, alloy, audio -12
GETS p-n-p, alloy, audio 200 -30 350 40
GET1O p-n-p, alloy, switch 250 -40 500 15
GET15 p-n-p, alloy, audio 200 -15 350 40
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I

of Transistor

Characteristics

IN THE past eight years since the discovery of 
transistors at the Bell Telephone Laboratories, 

great strides have been made in raw material han­
dling and transistor production techniques. This 
survey of the present state of junction transistor 
technology is a digest of many reports present in 
the literature.

6
9

1.0
1.2
1.5
1.3

10
10

12
12

25
25

0.6
0.6

-12 50 0.27kc
50
40

15 22 40 1.0
10
22
22

16 15 35 0.8

16 15 35 0.8
10 35 1.0
10 35 1.0
10 25 1.2

35 1.2

16 15 35 0.8

Available Gain Per Stage

The amplification from a transistor depends upon 
the configuration in which it is operated. The tran­
sistor may be used as a voltage gain device 
(grounded base), as a current gain device (grounded 
collector), or as a power gain device (grounded 
emitter). These gains per stage, neglecting inter­
stage loss, are approximately as follows:

t( 
ti 

g 
c 

P 
P 
c 
ti 

tl 
tl 
a

The grounded base configuration is essentially a 
voltage gain device; the grounded collector config­
uration is a current gain device; while the grounded 
emitter configuration must be considered a power 
gain device.

The input and output impedance of the three 
configurations are radically different and may 
therefore be used for impedance matching. The 
order of magnitude of these impedances are listed 
in Fig. 1.

These impedances vary with the termination at 
the other end and may be varied over approxi­
mately an order of magnitude. The impedance 
levels may also be adjusted with the proper use of 
feedback.1 An unbypassed emitter resistor in the 
grounded emitter configuration will increase both 
input and output impedances. A feedback path 
from collector to base in this configuration will de-

’Riddle, R. L., "Hybrid Parameters for Grounded Emitter 
Amplifiers with Feedback,” Electronic Design, April 1, 
1956. 6 7 8

6. Matching not required for class B push-pull.
7. At Vc — 6 v.
8. At 25 C.
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125 100

100 16

30

90 1275 50

10 15

200

10

32 0.01

10" 16

RCA, Somerville, N. J
352N77 p-n-p, alloy, audio

2.5(a)
2N1O5 p-n-p, alloy, audio

3.3(a)
70'4»21. All data referred to common emitter circuit.

Inc., Semiconductor Product Div

at 9 v.

2N2O6"
2N27O

2N2O7

2N207A
2N2O7B
2N223

p-n-p, alloy, audio
p-n-p, alloy, audio
p-n-p, alloy, audio

125
150
125

50
20
75
150

752'
I 202
1 SO2'
I2O21
I202'

30
60

40
75

16
16
16

25
25

10
10
15
10

5
2

36’7
35’7

>0.4
>0.4

10
10
12
10

V1O/15A
V1O/3OA
V1O/5OB

p-n-p, fused, aud. driv., sw.
p-n-p, fused, aud. driv., sw.
p-n-p, fused, aud. driv., sw.

282'
4221
802'

2502'

282'
42’1
152’
752’

1 502’

904
1254
1404

40’7
3617
27’7

0.8
0.5
0.4

-25
-30
-25
-25
-10
-30
-25

55”
4414

55'*
7Q'*t "

-10”
-10”
-5”
-10”
-12”
-10’*
-10”

0.6’°
0.7”
1.2’0

>50
10

>30

<25
12
10
15

• 2
12
12
>29
16

<20
<33

Large signal.
At — 1 2 Vcb, common emitter.
Ch c
Common base.
At -25 Vcb.
Common base circuit.

0.720
0.720
0.7520

-15
-50
-15
-70
-2
-50
-150

0.8520
0.78:u

New York, N. Y

p-n-p, alloy, low pwr. audio
p-n-p, alloy, low pwr. audio
p-n-p, alloy, low pwr. audio
p-n-p, alloy, audio driver

NF C
R. L. Riddle

6.5
12

16.5
15.
16.
17.
18
19.
20.

There are two effects in a transistor which tend

Surface barrier transistor:
Double base transistor
Diffused base transistor:

5
4.5
4.5
4 5

General Purpose, Low Frequency (cont.)

Manufacturer
and Type

Class and Application
Maximum Ratings Characteristics

T, (a)mw/C V
mw) (C) (b)C mw (volts) (ma) (pia) (db) (uuf) (Me)

Haller, Raymond and Brown, Inc.
State College, Penn.

crease both input and output impedances. A com-
bination of these forms of feedback may be used for
impedance stabilization.

Frequency Response

to limit the upper frequency response. They are the
transit time of minority carriers across the base re­
gion, and the capacity of the collector junction. The
capacity of the collector junction is similar to the
plate capacity of vacuum tubes and may be com-
pensated for to a certain extent by external cir-
cuitry. The transit time for minority carriers across
the base region is similar to the transit time for elec-
trons from cathode to plate in a vacuum tube. Ex­
ternal circuitry can do little to help the situation
and a different design of the transistor is required
to improve the frequency response.

There are many designs which tend to extend the
upper frequency at which amplification may occur.
These are listed below with their approximate up­
per cutoff frequencies, fab.

Conventional n-p-n or p-n-p:
N-p-n or p-n-p with very

thin base regions:

Power and frequency response

General Transistor Corn., Jamaica, N. Y
GT14 p-n-p, alloy, audio
GT2O p-n-p, alloy, audio
GT34 p-n-p, alloy, audio
GT74 p-n-p, alloy, audio
GT75 p-n-p, alloy, audio

GT81 p-n-p, alloy, audio
GT81HS p-n-p, alloy, audio
GT82 p-n-p, alloy, audio
GT109 p-n-p, alloy, audio
GT222 p-n-p, alloy, audio

GT14H p-n-p, alloy, hearing aid
GT2OH p-n-p, alloy, hearing aid
GT81H p-n-p, alloy, hearing aid
GT21OH p-n-p, alloy, hearing aid
GT35 n-p-n, alloy, audio
2N43A" p-n-p, alloy
2N44” p-n-p. alloy

telex; System* Inc., New York, N. Y.
T51 p-n-p, alloy, low freq.
TS2 p-n-p, alloy, low freq.
TS3 p-n-p, alloy, low freq.
TJ1 p-n-p, alloy, low freq.
TJ2 p-n-p, alloy, low freq.
TJ3 p-n-p, alloy, low freq.

>30

100 75 25 100 4021
150 85 45 50 652’
150 85 45 50 32”

50 1.5 2 >10

Lansdale Tube Co., Div. Philco Corp., Lansdale, Pa

2N2252 p-n-p, alloy, audio output5 to 10 me 2N224,

50 me
200 me

2N226,

Motorola, 
Phoenix, i

200 me MN13A
1000 me MN13B

seem to be in- MN13C

2N2273 p-n-p, alloy, audio output

50 65 0.8(b) -12 -20 100 15’
10’
10’

100 65 0.12(b) -18 -150 95 20*
150 75 -25 25*
100 65 -25 25*

350 90 14.3(a)7 40 150 15 30*

versely related. Plotting frequency versus power
handling (see Fig. 2) reveals approximately a
straight line relationship. The low frequency re-

1 4. Current transfer ratio, common emitter.

1. Maximum.
2. Matched pair of 2N224's.
3. Matched pair of 2N226’s.
4. Cob
5. Maximum at 1 2 v, 2N223
6. Vcb = 30 v, Tj = 30 C.
7. Junction to case.
8. Matched pair.
9. Sensitivity 0.3 A/lumen.

10. Grounded base.
11. Ve = 4.5 v.
12. Same type, flexible leads.
13. Military type.

electronic design July 15, 1957

Mullard (International Electronic Corn.)

OC7O p-n-p, alloy, audio
OC71 p-n-p, alloy, audio
OC72« p-n-p, alloy, audio
OC73 p-n-p, alloy, audio
OC76 p-n-p, alloy, converters
OCP71 p-n-p, alloy, photo’

2N1O4/2N215’2 p-n-p, alloy, audio

2N1O9/2N217’2 p-n-p, alloy, Ige. sig. audio
2N17S/2N22O p-n-p, alloy, class A, low noise

p-n-p, alloy, class A
p-n-p, alloy, Ige. sig. audio

Pye Indust. Electronics, Ltd., Newmarket, England

25 45 0.4(b) 10 10 30
25 45 0.4(b) 10 10 50
100 75 0.3(b) 16 125 55
25 65 0.4(b) 30 10 40
50 65 30 125
25 55 25 10

100 75 2(a) -10 -30 20



General Purpose, Low Frequency (conf.)

Manufacturer 
and Type

Class and Application Wc 
(mw)

Maximum Ratings
Ic 

(ma)

Characteristics
T| 

(C)
(a)mw/C
(b)C/mw

Ve 
(volts.

ß or a Ico 
(Mû)

NF 
(db)

Ct 
(mm!)

U 
(Me)

Raytheon Mfg. Co., Newton, Mass.
2N63 p-n-p, fused, audio, low rf. 100 85 -22 -10 22 6 15
2N64 p-n-p, fused, audio, low rf. -15 45 13
2N65 p-n-p, fused, audio, low rf. -12 90 11
2N1O6 p-n-p, fused, audio, low rf. -6 45 4.5
2N13O p-n-p, fused, audio, rf. 120 -22 22 15

2N131 p-n-p, fused, audio, rf. 120 85 -15 -10 45 6 13
2N132 p-n-p, fused, audio, rf. -12 90 11
2N133 p-n-p, fused, audio, low-noise -15 45 4.5
2N130A p-n-p, fused, audio, rf. 100 -22 22 15
2N131A p-n-p, fused, audio, rf. 100 -15 45 13

2N132A p-n-p, fused, audio, rf. 100 85 -12 -10 90 6 11
2N133A p-n-p, fused, audio, low-noise 100 -15 45 4.5
2N138A p-n-p, fused, audio output 130 -12 -100 140
CK751 p-n-p, fused, audio output 2402 -12 -100 140
2N272 p-n-p, fused, audio, rf. 150 -20 -100 90 12
2N273 p-n-p, fused, audio output 150 -12 -100 140

CK87O p-n-p, fused, audio, sw. 130 85 -25 -100 10 6 0.4
CK871 p-n-p, fused, audio, sw. 130 85 -20 -100 15 6 0.5
2N327 p-n-p, fused, Si, audio, sw. 150 160 -50 -50 14 0.005 18 60’ 0.3
2N328 p-n-p, fused, Si, audio, sw. -35 24 0.35
2N329 p-n-p, fused, Si, audio, sw. -30 50 0.6
2N33O p-n-p, fused, Si, low-noise -45 30 12 0.5

Sprague Electric Co North Adams, Mass.
1OA p-n-p, alloy, audio driver 180 70 4.5(a) 50 100 33 5000 20 35 1.2
1OB p-n-p, alloy, audio driver 53 5000
IOC p-n-p, alloy, audio driver >53 5000
8F p-n-p, alloy, audio 100 80 2(a) -45 -50 15 16 20 28 0.7
8E p-n-p, alloy, audio 30
8D p-n-p, alloy, audio 99
8G p-n-p, alloy, audio >100

Sylvania Elec. Products Inc., Woburn, Mass.
2N229 n-p-n, alloy, gen. purpose 50 75 Ka) -103 40 0.96 200 0.55*
2N3O6 n-p-n, alloy, low freq. -20’ 0.96
2N34 p-n-p, alloy, low freq. —403 100 0.975 15 0.34
2N35 n-p-n, alloy, low freq. 403 0.975 18 0.6*
2N213 n-p-n, alloy, audio driver 150
2N214 n-p-n, alloy, audio output 125 2 5(a) 25 70 15 0.6
2N228 n-p-n, alloy, audio output 50 1(a) 25 7.5 15 0.6

Toxas Instruments Inc., Dallas, Texas
2N18S p-n-p, alloy, audio amp. 150 50 -20 150 35 8
2N238 p-n-p, alloy, audio amp. 50 60 -20 8
2N291 p-n-p, alloy, audio amp. 180 50 0.25(b) -25 200 30 10

Tung-Sol Electric Inc., East Orange, N. J.
TS616 p-n-p, alloy, med. pwr. audio 200 85 0.2(b) -25 200 363 8
TS617 p-n-p, alloy, med. pwr. audio 543
TS618 p-n-p, alloy, med. pwr. audio 72s
TS62O p-n-p, alloy, low-noise 100 0.35(b) 50 0.98 8 50 1.0
TS621 p-n-p, alloy, low-noise 100 0.35(b) 50 0.99 8 50 1.0

SN63T p-n-p, alloy, audio 100 85 0.35(b) -25 25 0.96 8 25 50 0.6
2N64 p-n-p, alloy, audio 0.98 22 0.8
2N65 p-n-p, alloy, audio 0.99 20 1.2
2619 p-n-p, alloy, driver amp. 50 50
S615T p-n-p, alloy, hi-volt, amp. -45 50 0.98 22 1.0

Western Electric Co., New York, N. Y.
1N856 p-n, grown, photo, coding 50 85 -90 -1 67 5 0.1
2N296 n-p-n, grown, linear audio 120 85 2.0(a) 35 100 4 15 8.5 2.0
GA528296 p-n-p, alloy, gen. purpose 120 85 2.0(a) -65 50 0.98 4.5 <10 17 3.0
GAS31496 p-n-p, alloy, gen. purpose 120 85 2.0(a) -65 -50 4.5 10 22 3.0
GA5327O6 n-p-n, alloy, gen. purpose 120 85 30 30 3 20 3.0

sponse of transistor amplifiers depends upon pas.I 
sive elements in the circuit and therefore may he 
controlled at the designer’s discretion.

Power
The maximum power dissipation of a commerl 

cially available transistor is about 25 watts. ExpertI 
mental transistors have been constructed which dis-l 

sipate over a hundred watts. Power handling cap I 
bilities of typical transistors are presented in Figs. 1 
and 3. It is noticed that fab ( Fig. 2) decreases with! 
increasing power handling capabilities and that h I 
(grounded emitter current transfer function) del 
creases in a somewhat similar manner (Fig. 3).

The main drawback to large power handling ca­
pabilities is the internal temperature rise within the 
transistor. When a junction temperature of about 
100 C is reached, a germanium transistor will not 
operate correctly (see section on temperature). Sili­
con is slightly better in this respect. A junction tem­
perature between 150 and 200 C may be achieved.

Transistors are usually de-rated linearly in power 
as the temperature increases such as,

Pt = Pr

where

Pt = power dissipation at temperature T, 
Pr = power dissipation at room temperature, 
Tr = room temperature, 25 C, 
K = de-rating constant.

The higher current density across the emitter to 
base junction affects the emitter efficiency, thereby 
reducing the parameter alpha, which in turn re­
duces the gain of the device. Therefore, power tran­
sistors usually have lower gain capabilities than 
transistors of other types (see Fig. 3).

Noise
Although noise is a drawback of point contact] 

and early types of junction units, the noise figure of 
present junction transistors is as low as 4.5 db meas­
ured for a one-cycle bandwidth at 1 kc. Typical 
commercial units specify 10 to 12 db maximum 
noise figure.

Impedance
grounded 

base
grounded 
emitter

grounded I 
collector 1

Input 100 ohms 1500 ohms
30.000 ohms 1

Output 100,000 ohms 20,000 ohms 100 ohms 1

Fig. 1

IC’

10

t 
I 
a

10'

io-‘_
10

Fig. ‘ 

for c

10* r-

10

I 
!

10-'

IO‘*

Fig. 

for

1. Maximum.
2. With heat sink.
3.
4.
5.
6.
7.

Vcb
Alpha, minimum.
Ic = 150 ma.
Military Type.
Dark current. Sensitivity—0.35 ga/mw.

Fig- 

cur
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from Transistor Center, U.S.A

Fig. 2. Average f power dissipation
for commercially available transistors,

plus low saturation resistance!

CHECK THESE UNEQUALLED FEATURESran-

ieas-

num

power dissipation
for commercially available transistors

PhilcoVisit The Unique.HIGH GAIN
* Patt nt Applied For

REGION
COLLECTOR VOLTS, Vc

THERMAL NOISE REGION

CIRCLE 501 ON READER-SERVICE CARD

•LOW SATURATION RESISTANCE

bg. 4. ypical noise factor versus frequency 
curve for transistors.

• Write for compter» information and specifications. 
Make Philco your prime source of information 
for high frequency transistor applications.

Transistor Display at 
WESCON Show, San 
Francisco Cow Palace, 
August 20-23, Booth 
#2217-2218.

This newest development from Philco Transistor Center 
features the characteristic high frequency response obtain­
able with extremely precise base width control. Designed 
for low voltage operation, the new MAT transistor is 
especially well suited for high speed applications where 
low saturation resistance (reduced power consumption) 
is necessary

To combine high gain at high currents with high fre­
quency response, the new MAT transistor employs a 
gallium doped alloy junction for the emitter electrode.

A special short-alloying cycle, combined with precise 
electro-chemical production techniques (pioneered and 
developed at Philco Transistor Center for production of 
SBT), results in the micro-alloy contact for exceptionally 
high injection efficiency. This new process assures higher 
gam, and permits operation at higher current. Beta linearity 
is excellent over the entire range of operating currents . . . 
up to 50 milliamperes.

REDUCE D 
AMP.
REGION

Announcing a new transistor class.. 
The PHILCO Micro-Alloy Transistor <mat)

PHILCO MICRO-ALLOY 
____ TRANSISTOR I___ 

TYPE T-H66

• Excellent High Speed Switching characteristics

• Low Saturation Voltage 
(low impedance)

• Excellent high frequency amplification.

• Excellent low-level amplifier over entire 
frequency range from D.C. to Megacycles.

• Exceptionally Long Life 
(hermetically sealed)

• Permits high speed computer design with 
Fewer Stages.HIGH CURRENT--___________________________________________________________________________

• ••world’s first production transistor with 
exceptionally high frequency and highT-l 166 MICRO-ALLOY

TRANSISTOR

PNP TYPE

ACTUAL SIZE

LANSDALE TUBE COMPANY DIVISION

LANSDALE, PENNSYLVANIA

•

•

• 
•

•

•

•

•

•

•
•



General Purpose, Low Frequency (cont.)

Manufacturer Class and Application 
and Type

Maximum Ratings
Wc T¡ (a)mw/C Vc le

(mw) (C) (b)C/mw (volts) (ma)

Characteristics 
ßora lco NF Cc fco 

(mo) (db) (¿igf) (Me)

Westinghouse Electric Corp., Youngwood, Pa.
XD5O81/XD5O82 p-n-p, fused, switch, amp.
2N59 
2N60 
2N61 
2N403
2N402

p-n-p, fused, class B audio out. 
p-n-p, fused, class B audio out. 
p-n-p, fused, class 8 audio out. 
p-n-p, fused, class A audio out. 
p-n-p, fused, audio driver

Bogue Hec. Mfg. Co., Paterson, N. J.
2N347
2N348
2N349

n-p-n, grown, Si, audio, servo, sw. 
n-p-n, grown, Si, audio, servo, sw. 
n-p-n, grown, Si, audio, servo, sw.

150

750

-35
3.25(a) .-25 -150

48’
80 10 mu
66
45
50
50

0.01
1.0

The typical noise figure characteristic (see F 4) 
of a transistor has a 1// characteristic at low fre- 
quency; is flat over the intermedaite range; and in- 
creases at the higher frequency. The 1/f noise at 
lov frequency is predominantly semiconductor and 
surface recombination noise. The middle range is 
thermal noise, and the increase in noise figure at 
high frequencies is due to the decrease in amplifi. 
cation of the device.

175 3.0(a) 60

I I
High Frequency, Switching

Amperex Electronic Corp., Hicksville, N. Y.
100
100

75
75

2.0(a)
2.0(a)

15
15

10
10

100
40

0.5
0.5

40 15
6

OC44
OC45

p-n-p, alloy, rf conv. 
p-n-p, alloy, if amp.

Bogue Elec. Mfg. Co., Paterson, N. J.
RD316 n-p-n, grown, Si, audio, comp, servo 100 175 1.0(a) 202 20 10 0.5 25 10 2
2N160/2N160A3 n-p-n, grown, Si, audio, comp, servo 150 402 25 15 4
2N161/2N161 A3 n-p-n, grown, Si, audio, comp, servo 30 5
2N162/2N162A3 n-p-n, grown, Si, audio, comp, servo 35 8
2N163/2N1 63A3 n-p-n, grown, Si, audio, comp, servo 50 6
2N97 n-p-q, grown, audio, if, osc. comp. 50 75 2.0(a) 30 10 0.93 2 15 14 1.0
9N98 n-p-n, grown, audio, if, osc. comp. 40 0.975 10 2.5
2N99 n-p-n, grown, audio, if, osc. comp. 40 0.975 3.5
2N1O3 n-p-n, grown, audio, if, osc. comp. 35 0.80 5 0.75

CBS-Hytron Lowell, Mass.
2N182 n-p-n, alloy, switch 100 75 2.0(a) 25 25 3 10 5
2N183 n-p-n, alloy, switch 40 10
2N184 n-p-n, alloy, switch 60 >10

Fretco Inc., Pittsburgh, Pa.
2N32 pt. contact, pulse, osc., sw. 50 30 -40 -8 2.2 -12 40 50
2N33 pt. contact, pulse, osc., sw. 30 30 -85 —7 -12 40 50

General Electric Co., Syracuse, N. Y.
2N78 n-p-n, grown, hi-gain rf-if 65 85 1.1(a) 15 20 40 5 12 2.4 8
2N123 p-n-p, alloy, hi-fi switch 100 1.67(a) -15 125 50 15 8
2N164A n-p-n, grown, mix.-osc., if 65 1.1(a) 15 20 40 5 2.4 8
2N165 n-p-n, grown, if 55 75 15 20 72 5 2.4 4
2N167 n-p-n, switch 65 85 30 75 36 1.5 8 4 8

2N168A n-p-n, grown, if 65 85 1.1(a) 15 20 40 5 2.4 8
2N169 n-p-n, grown, if 55 75 15 72 4
2N169A n-p-n, grown, if 55 75 25 72 5
2N292 n-p-n, grown, if 65 85 15 25 5
2N293 n-p-n, grown, if 65 85 15 25 8

2N313 n-p-n, grown, if 65 85 1.1(a) 15 20 25 5 2 4 5
2N314 n-p-n, grown, if 65 l.Ka) 15 20 25 5 2.4 8
4JD1B3 p-n-p, switch 200 -30 1000 15 20 45 0.8
4JD1B4 p-n-p, switch 200 -30 1000 20 20 45 0.8
4JD4A2 n-p-n. Si, hf 150 150 1.0(a) 15 20 14 0.15 14 25

4JD4A3 n-p-n, Si, low-level sw. 150 150 1.0(a) 10 20 0.15 14 25
4JD4A4 n-p-n, Si, hf amp. 1.0(a) 15 15
4JD4A5 n-p-n, Si, hf, amp. 1.0(a) 15 40
4JD5A1 n-p-n, Si, unijunction 250 45« 50« 50«
3N29 n-p-n, tetrode 50 85 7s 20 25 4.2 40
3N30 n-p-n, tetrode 5 80
3N31 n-p-n, tetrode 3.1 20

Reliability

When transistors were first produced in any 
quantity their reliability was very questionable. The 
effects of humidity and temperature were very dis­
heartening. However, today with hermetically- 
sealed units the effects of humidity have been elimi­
nated.

The most recent reports on reliability indicate 
that for transistors operating in computers and 
hearing aids, the number of unit-hours per failure is 
of the order of 105 to 106. If this rate of failure con­
tinued, the average life of a transistor would be 
from 10 to 100 years. This sounds slightly fantastic 
but is not impossible.

The effects of vibration and shock on transistors 
are almost negligible. They will hold up as well as 
passive circuit elements.

Temperature

Temperature, however, still has a detrimental ef­
fect upon transistor operation. At the present time 
the upper operating temperature limit on germa­
nium devices is approximately 85 C. The devices 
must be de-rated as mentioned earlier. Silicon tran­
sistors have an upper operating temperature limit of 
approximately 150 C. The factor controlling the 
upper temperature limit is the width of the for­
bidden region in the energy band structure of the 
material from which the transistor is fabricated. 
The reason silicon is better is because it has an 
energy gap of 1.1 volt as compared to germanium 
with 0.7 volt. An inter-metallic compound, e.g., Gal­
lium Arsenide, has a larger energy gap than either 
germanium or silicon and thus should work at 
higher temperatures, if and when suitable single 
crystals are made.

With proper circuit design the effect of tempera­
ture upon Ico may be swamped out. That is, if the 
current flowing in the collector is large with respect 
to any expected change, the operating point will 
not change appreciably.

1. Ic=1.5 A, Vee =2v.
2.
3.
4.
5.

1 v emitter voltage.
Same as basic type, but emitter voltage 5 v 
Vbb, Ie, leo
Vcb
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Irradiation Effects

me

um

CIRCLE 502 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • July 15, 1957

Ano- Her environment besides high temperature 
hat is letrimental to transistor operation is that of 
i game i or neutron flux field.

Neutrons react on transistors by producing im­
perfect'ons in the crystal structure of germanium or 
silicon from which the transistor is fabricated. 
These imperfections appear as p-type impurity cen­
ters in germanium. After prolonged irradiation 
n-type germanium has been converted to p-type; 
p-type germanium remains p-type. The* imperfec­
tions produced reduce the mobility and lifetime of 
the carriers in either type of material. In silicon the 
defects produced appear at an energy level in the 
center of the forbidden region. This material thus 
tends to become intrinsic under irradiation. The ef­
fects on mobility and lifetime are also present.

The general figure reported to date for the 
amount of integrated flux that a transistor will with- 

Istand is in the order of 1012 to 1013 nvt. This is the 
I region in which the parameters of the transistors 
I start to deteriorate. With the aid of feedback the 
I useful range on a transistor amplifier might be ex­
pended an order of magnitude higher in integrated

There is some evidence that indicates that it is the 
fast neutrons that do the majority of the above dam­
age. Thermal neutrons are thought to produce sub- 
Istitutional impurities by K capture and beta ernis- 
[sion. For the isotope 32Ge70, this process is: 32Ge70 
plus thermal neutron transmutes to 3iGa71 by K cap­
ture. For the case of the germanium isotope 32Ge74, 
the process is: 32Ge74 plus thermal neutron trans­
mutes to 33AS75. The half-life of 32Ge71 is 11.4 days, 
and for 32Ge7 5 the half-life is 82 minutes.

This would indicate a gradual degradation in 
I characteristics after irradiation, which does not 
I seem to be present. In fact, improvement in the 
I parameters after irradiation is stopped is more often 
I noticed. This is explained by an annealing process 
I which can occur even at room temperature. The an- 
Inealing process results in removal of interstitials or 
I other lattice defects by thermal vibration.
I * 'anima irradiation produces interstitial defects 
las well as ionized atoms within the crystal struc- 
Iture. The ionization appears as an increased tem- 
Iperature with its resulting degradation in transistor 
I Performance.
I transistors have now' taken their place alongside 
■vacuum tubes as a useful tool for designers of elec- 
I tronic equipment. With careful design based upon 
I hie known limitations of transistors, reliable opera- 
jtion of transistor circuitry may be obtained.

g.l computer transistors

Typical Applications
• Relav Ampl if ¡er
• Direct Current Switch
• Photoelectric readout & control
• Micro and millisecond switching
• Servo driver applications
• Control lighting
• Phase detector circuitry
• Low level modulation

General Transistor's PNP and NPN 
transistors are playing* a vital role 
in advancing the designs of control 
systems.
Versatility of design is now available 

write today for Bulletin G-100 con­
taining qll types list and dimensional 
drawings.

Simplifying and miniaturizing circuitry 
with GT germanium alloy type tran­
sistors, control engineers are now 
able to design lighter weight, port 
able, more reliable units than by 
previous methods with con vent iona I 
components
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High Frequency, Switching (cont.)

Manufacturer Class and Application 
and Type

General Translator Corp., Jamaica, N. Y.
GT759R
GT760R
GT761R
GT762R

p-n-p, alloy, rf-if 
p-n-p, alloy, rf-if 
p-n-p, alloy, rf-if 
p-n-p, alloy, rf-if

GT83 p-n-p, alloy, lo-speed comp.
GT87 p-n-p, alloy, lo-speed comp.
GT88 p-n-p, alloy, lo-speed comp.
GT122 p-n-p, alloy, lo-speed comp.
2N311 p-n-p, alloy, lo-speed comp.

GT758 p-n-p, alloy, lo-speed comp.
GT123 p-n-p, alloy, hi-speed comp.
GT153 p-n-p, alloy, hi-speed comp.
GT269 p-n-p, alloy, hi-speed comp.
GT759 p-n-p, alloy, hi-speed comp.

GT760 p-n-p, alloy, hi-speed comp.
GT761 p-n-p, alloy, hi-speed comp.
2N356 n-p-n, alloy, switch, comp.
2N357 n-p-n, alloy, switch, comp.
2N358 n-p-n, alloy, switch, comp.

2N312 n-p-n, alloy, switch, comp.
GT792 n-p-n, alloy, switch, comp.
GT903 n-p-n, alloy, switch, comp.
GT904 n-p-n, alloy, switch, comp.
GT905 n-p-n, alloy, sw tch, comp.

GT947 n-p-n, alloy, switch, comp.
GT948 n-p-n, alloy, switch, comp.
GT949 n-p-n, alloy, switch, comp.
GT762 p-n-p, alloy, hi-speed comp.
GT763 p-n-p, alloy, hi-speed comp.

GT764 p-n-p, alloy, hi-speed comp.
2N315 p-n-p, alloy, switch, comp.
2N316 p-n-p, alloy, switch, comp.
2N317 p-n-p, alloy, switch, comp.
GT167 n-p-n, alloy, switch, comp.

GT229 n-p-n, alloy, experimental
GT34S p-n-p, alloy, bi-directional
GT34N p-n-p, alloy, neon light
GT34HV p-n-p, alloy, hi-voltage
2N318 p-n-p, alloy, photo1

Intelex Systems Inc., New York, N. Y.
TP1 n, point contact, switch
TP2 n, point contact, amp., osc.

Lansdale Tube Co. Div. of Philco Corp.
Lansdale, Pa.

T0031 p-n-p, alloy, Ne ¡nd., rel. driv.
TOO33 p-n-p, alloy, 'f switch
2N1282 p-n-p, sbt, rf, video
2N1292 p-n-p, sbt, rf, if
2N2992 p-n-p, sbt, rf tuned amp.7
2N3OO2 p-n-p, sbt, video amp.7

2N344/SB101 p-n-p, sbt, hf
2N345/SB102 p-n-p, sbt, hf
2N346/SB1O3 p-n-p, sbt, hf
2N240 p-n-p, sbt, hf switch
2N393/T1166 p-n-p, microalloy, hf, switch
2N354/T1025 p-n-p, alloy, Si, hf amp.
2N35S/T1159 p-n-p, alloy, Si, hf switch
T1164 p-n-p, alloy, sym. switch

Maximum Ratings
Wc Tj (a)mw/C Ve le 

(mw) (C) (b)C/mw (volts) (ma)

15100

100 85 >20 200
>20
>30
25
>20

100 85 15 50
15 50
>30 

1
200

1

100 «5

85 >20 200100
20

25

100 85 >10 200
125 40
125 100
150 50
50 12 20

150 -30 30
150 -30 30

25 65 -50 10
50 85 0.8(b) -20 20
30 0.75(b) -10 5
30 -10 5
40 -7 20
40 -7 20

20 55 0.7.5(b) -5’ 5

1 0 -6* — 15
50 85 -6» 50
150 140 0.77(b) -25’
150 140 0.77(b) -10’



Fifth AnnualCharacteristics

Transistor

Contents

2, 3, 4Low Frequency Transistors

6, 8, 10High Frequency Transistors

12, 14, 16Power Transistors

13, 14Switching Transistors

2

10

18

19Curve Tracers

20Portable Test Sets

22Parameter Analyzers

22Mise. Test Equipment

Transistor Cross Index 21

C

c

I

Ç

20

ß or a Ico 

(mo)
NF 

(db)
Cc 

(mm*)
fco 

(Mc)

• ♦ * ♦

25 6 2.5
40 5
70 11
120 17

49 10 16 <0 7
38 0.5
80
80 1.5

<60

15 <5 16 <0.5
150 <6 >5
>20 <5

<4 >4
>20 <5 16 3

40 1.0 16 5
75 1.0 16 10

<5 3
6
9

<60
6 4.8

<25
>4

<25
<20 >4
<25 >0.7

100 1 16 20
120 1 16 30

200 <5 16 >25
1.0 5
1.0 12
1.0 20

>25 <10 >5

>10 <10 30
15 15 24
18 <450
10 10 16
100 10 20

>2 1 ma
5 2 ma 2

15
100 10 5 2
35 3’ 9 34 65’
25 9 60’

8* 105’
0.94 8* 105’

22 3 4« 3.5 50’
35 50’
30 75’
32 55’
155 5 3.5» 3.5 60’
18 0.1 7 15’
18 0.1 7 25’

0.8

A Survey of Transistor 

Characteristics, Robert H. Riddle

Transistor Parameter Conversion

Tables

Transistor Test Equipment, 

Soren C. Ibsen

* All characteristic data for General Transistor.
Corp, is referred to CE operation.
1. Sensitivity 0.16 v/ft candle.
2. Military type.
Max. freq, of oscillation.

4. Cob
5. Max. at Vc = —5 v.
6. At 10 MC.
7. Characteristic data given for GB circuit.
8. At 1 MC.
9. Vc.

si 
rc 
si 
a< 
ei 
al 

ei 

P 
o 
o 
c 
u 
c 
d

Si
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15 watts al HO C
NEW silicon high power transistor

4-150’ C65 to

CIRCLE 504 ON READER-SERVICE CARD >

37.5
4-60

For your audio servo uses — and many other appli­
cations, you can reach new transistor highs — in 
power, temperature and gain with low distortion 
and the stability and reliability you expect from 
silicon transistors. In Class B push-pull operation, 
two new TI Type 2N389 silicon diffused junction 
transistors provide 15 W power output at 100° C 
... with distortion of less than 10% and typical beta 
cutoff frequency of 300 keps. This new transistor is 
the first high power silicon transistor and the 
latest addition to the TI silicon line... widest in 
the industry.

Watts 
Watt* 
Volts 
Volts 

Amperes 
Ohms 
Ampere

absolute maximum ratings
Power Dissipation at 100’C . . 

25’C . .
Collector to Emitter Voltage . . 
Base to Emitter Voltage .... 
Collector Current...............................  

Saturation Resistance.........................  
Base Current..............................  .
Storage Temperature.........................

A total of about 430 different types 
ol transistors are available this year, 
as compared to about 270 last year. 
Many new manufacturers have en­
tered the field including many Euro­
pean firms and some Japanese. Most 
companies have given their own desig­
nation to their transistors, and mav 
also have a RETMA number. In the 
cross-index, equal or equivalent types 
are listed after the type number desig­
natec by the company. For an addi- 
’iona copy of this chart, turn to the 
Reader Service Card and circle 500. Now! 37 Tl silicon transistor 

types — your widest choice

This year’s data chart has been de­
signed as a quick and comprehensive 
reference for the transistor circuit de­
signer. Only the most significant char­
acteristics have been tabulated in an 
effort to keep the chart within reason­
able proportions. Each transistor’s op­
erating characteristics depends on a 
particular circuit used, the frequency 
of operation, the temperature, and 
other conditions so that the operating 
characteristics given are typical ones, 
usually for the grounded emitter cir­
cuit. A general idea of operation un­
der varying conditions can be had by 
scanning the maximum ratings.

Transistors fall easily into three 
categories: Low Frequency, High 
Frequency, and Power. A cut-off fre­
quency of 1 Mc is used as a rough di­
viding line between high and low 
frequency units, and a collector dissi­
pation of 1 w or more can define a 
power transistor. In addition, many 
transistors are recommended for 
switching purposes, both power 
switching and high frequency switch­
ing, and their operating characteristics 
are given in two separate tables. The 
new class of silicon transistors are not 
easily characterized since many of 
them are capable of high frequency 
power applications, as well as switch-

W SILICON
POWER 

TRANSISTORS

lc —COLLECTOR CURRENT AMPERES

BAM VOLTAGE VS COLUCTOR CURRENT ■ COMMON EMITTER



w,
(mw) (C) (b)C/mw (volts) (ma)

0.5(a)25 75 -6 -12

35 85

150 85

150 -100

65 -6 -15

1.0(a)7550 50

1.0(a)50 75 50

2.5(a)150 85 2C0

30

10
10

100
100

75
75

80
80
85

15
15

100 
150
10

-50 
-80
-5

20
20
15
25
10

—40
—60S
—5

2.0(a)
2.0(a)

High Frequency, Switching (cont.)

Manufacturer Class and Application 
and Type

Mudarci (International) Electronic Corp, 
New York, N. Y.

OC44 p-n-p, rf conv.
OC45 p-n-p, alloy, if amp.

Pye Industrial Electronics, Ltd., 
Newmarket, England

V6/R2 p-n-p, alloy, if amp.
V6/R4 p-n-p, alloy, if, osc.-mix.
V6/RB p-n-p, alloy, if, osc.-mix.

RCA, Somerville, N. J.
2N139/2N2181 p-n-p, alloy, 455 kc if amp.
2N140/2N219’ p-n-p, alloy, 540-1640 kc conv.
2N247 p-n-p, alloy drift, class A rf
2N269 p-n-p, alloy, lo-level switch

Raytheon Mfg. Co., Newton, Mass.
2N11 1 p-n-p, f jsed, if-rf
2N111A p-n-p, fused, if
2N112 p-n-p, fused, if-rf
2N112A p-n-p, fused, if
2N113 p-n-p, fused, rf, switch
2N1 14 p-n-p, fused, rf, switch
2N271 p-n-p, fused, mix.-conv. bdcst.
2N271A p-n-p, fused, if
CK7dl p-n-p, fused, if-rf

Sprague Electric Coi., North Adams, Mass.
2N1S9 n, point contact, pulse, sw.3
PC6 n, point contact, comp, sw.3
SB1O1 p-n-p, sbt, if-rf osc., amp.
SB1O2 p-n-p, sbt, if-rf osc., amp.
SB1O3 p-n-p, sbt, if-rf osc., amp.
SB5122 p-n-p, sbt, hi-$peed switch

Sylvania Electric Products, Inc., Woburn, Mass.
2N94 n-p-n, alloy, hf
2N94A n-p-n, alloy, hf, switch
2N193 n-p-n, alloy, hf osc.
2N194 n-p-n, alloy, hf mixer
2N21 1 n-p-n, alloy, hf osc.

2N212 n-p-n, alloy, hf mixer
2N216 n-p-n, alloy, if amp.
2N233 n-p-n, alloy, hf
2N377 n-p-n, alloy, hf, switch
2N385 n-p-n, alloy, hf, switch
2N388 n-p-n, alloy, hf, switch

Texas Instruments Inc., Dallas, Texas
2N332’ n-p-n, grown, Si, gen. purpose
2N333’ n-p-n, grown, Si, gen. purpose
2N3349 n-p-n, grown, Si, gen. purpose
2N335’ n-p-n, grown, Si, gen. purpose
2N3369 n-p-n, grown, Si, gen. purpose

903’ n-p-n, grown, Si, gsn. purpose
9049 n-p-n, grown, Si, gen. purpose
904A’ n-p-n, grown, Si, gen. purpose
905’ n-p-n, grown, Si, gen. purpose
910’ n-p-n, grown, Si, gen. purpose

2N263’ n-p-n, grown, Si, switch
2N337’ n-p-n, grown, Si, switch
2N338’ n-p-n, grown, Si, switch
925’ n-p-n, grown, Si, hi-freq.
926’ n-p-n, grown, Si, hi-freq.
3N32’ n-p-n, grown, Si, hi-freq.
3N33’ n-p-n, grown, Si, video, rf
3N34’ n-p-n, grown Si video, rf

150

150

Maximum Ratings
T¡ (a)mw/C Vc

-16 -15
-16 -15
-35 -10
-20 -100

-30 -200

175

175

2,0(a) 
3.0(a) 
0.18(a) 
0.18(a) 
0.18(a) 
0.28(a)

0.1 16(b)

0.116(b)

10
15
10
20
25

45



Transistor
Paramete

E. K. Novak

2

ó
— kob

204

7100.1

31.0
1.0
1.0 
0.2

25
34
25
25
20

15
15
15

5
8 
6
7

2
5
2

5.
6.
7.
8.

10
10 
11
11
10

10 
11

1.8
1.8

Characteristics
3 or a lco NF Cc feo 

(mo) (db) (urf) (Me)

1000

100
40

0.5
0.5

40 15 
6

25 1.0 35 3
50 5.5
80 10

48* -6 4.5 9.5’ 4.7*
482 -6 9.5’ 7*
602 -16 1.7’ 304

2.5 44

25 1.0 10 12 3
25 3
30 10 5
30 5
45 10 10
75 10 20
45 10
45 10
20 15 2.5

3 0.5 ma 43 0.5 5
5 1.0 ma 43 0.5 5
23 500 20 3.5 45

45
60

40
>6

0.97* 
0.98* 
7.5* 
8.0*
IO6

IO6 
7.5* 
4.5* 
30* 
60* 
80»

507
507
407
407
207

207
407 
1507
207 
357
207

TRANSISTOR characteristics are usually now given 
by most manufacturers in h parameters. Occasion­

ally however, characteristics are available only in r 
parameters. Also, in some transistor circuit design 
problems, a more familiar physical representation of 
the transistor is permitted if the small signal param­
eters of the transistor are expressed as resistances. 
Both systems of representation are useful and a typi­
cal design problem usually requires the application of 
both h and r parameters. The time required to per­
form these conversions may be considerably reduced 
by application of these tables. All equations given are 
in the exact form and are derived from the basic equiv­
alent circuits given in Fig. 1. The r parameters are 
given for the common base, common emitter and 
common collector connections; the z and h parameters 
are given in their general form and will represent the 
CB, CE or CC connection when the subscripts b, e or 
c, respectively, are added to each parameter. For ex­
ample, the input impedance in the general four termi­
nal network h parameters form is hn; htlb is the input 
impedance for the common base connection, hlle is 
the input impedance for the common emitter connec­
tion, hllc for the common connector.

The h parameters are given by manufacturers in 
either of the two following forms:

For common base:
hl}b = input impedance = h„
hi2b = reverse transfer, or feedback voltage ratio = h
A 21b = forward, or current transfer ratio 
h22b = output admittance

0.925
0.960
0.975
0.980
0.990

0.925
0.960
0.975
0.980
0.990

0.975
0.950
0.975

5
8
6
7

30
20
30

12.5
30
4.3
12.5
30.0

Since the majority of the literature is written in the 
nomenclature of the left hand column it is used in 
these tables.

Use of the tables is illustrated by the following 
simple example.

The characteristics of a Type 903 grown junction

1. Has flexible leads.
2. Current transfer ratio, common emitter circuit.
3. Cb<
4. CB circuit.

All characteristic data for Grounded Base circuit, 
hfe—small signal current gain. 
Maximum, emitter open, 
hfe—de current gain.

9. All characteristics given for design center, ground« ba«* 
10. 1[MC design center.

ELECTRONIC DESIGN • July 1 , I’57



Conversion Tables
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Continued, on page 12 CIRCLE 505 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Clevite Germanium - Silicon Alloy 
Gold Bonded Glass Diodes, now available 
for immediate delivery.

►
 Better high temperature performance than 
germanium.

►
 Higher forward conductance at lower volt­
ages than silicon.

All germanium RETMA specifications can 
now be met at higher temperatures with 
these new Germanium-Silicon alloy diodes... 
plus increased reliability at all temperatures.

For complete information write or phone for 
Engineering Bulletin B-215.

13.3
5.33 X 10~6 ohms

terms of r parameters are re

rb = 300 ohms
rc = 2.5 megohms
rd = 0.187 megohms
re = 19.5 ohms
rm = 2.3 megohms

Other conversions are carried out similarly.
For the transformation of g parameters, the following 
relations can be used in conjunction with the tables: CLEVITE

TRANSISTOR PRODUCTS 
241 Crescent St., Waltham 54. Mass. TWinbrook 4-9330

Brush Cleveland Graphite Clevite Harris Clevite
Electronics Co. Bronze Co. Products Inc. Clevite Ltd. Research Center

'«12c 
^21c 

h22c

When calculations

(I + h2ib) (1 — hi2b) + hlib ^22b 

560 ohms

hnb = 42 ohms 
hl2b = 120 X 10 ~6 
h2ib = —0.925 
h22b = 0.4 X 10-6 mhos

Since these parameters are given for the common base 
connection, calculation of the characteristics of a 
common emitter amplifier, for example such as in 
Figure 1c, requires conversion of the given values to 
their common emitter equivalent. Using Table 1:

hl2e = 104 X 10-6
^21e = 12.3
h22e = 5.33 X 10~c mho

Table I, the common collector h param

- now... 
Clevite announces 

a new diode
21ATVTT1K wj El Mu ■■ Iw JI Br

ALLOYED

SILICON! 1W



High Frequency, Switching (cont.)

Manufacturer 
and Type

Class and Application We 
(mw)

Maximum Ratings

(C)
(a)mw/C 
(b)C/mw

vc 
(volts)

U 
(ma)

Texas Instruments Inc. (cont.)
2N252 p-n-p, grown diff., conv. 30 55 16 5
2N308 p-n-p, grown diff., if amp. 20
2N309 p-n-p, grown diff., if amp. 20
2N31O p-n-p, grown diff., if reflex 30

2N172 n-p-n, grown, conv. 65 75 0.7(b) 16 5
2N14S n-p-n, grown, 455 kc if 20
2N146 n-p-n, grown, 455 kc if
2N147 n-p-n, grown, 455 kc if
2N148 n-p-n, grown, 262 kc if 32

2N149 n-p-n, grown, 262 kc if 65 75 32 5
2N1S0 n-p-n, grown, 262 kc if 32
2N253 n-p-n, grown, 455 kc if 12
2N254 n-p-n, grown, 455 kc if 20

Transitron electronics Corp., Melrose, Mass.
ST1O n-p-n, grown, Si, gen. purpose 200 175 15
ST3O n-p-n, grown, Si, gen. purpose 30
ST40 n-p-n, grown, Si, gen. purpose 45
STI 1 n-p-n, grown, Si, med. gain 15
5T31 n-p-n, grown, Si, med. gain 30
5T41 n-p-n, grown, Si, med. gain 45

STI 2 n-p-n, grown, Si, hi gain 200 175 15
ST32 n-p-n, grown, Si, hi gain 30
ST42 n-p-n, grown, Si, hi gain 45
STI 3 n-p-n, grown, Si, hf 15
5T33 n-p-n, grown, Si, hf 30

Western llectric Co., Now York, N. Y.
2N673 point contact, switch 100 -50 -50
2N11O3 point contact, switch 200 3.3(a) -50 -50
3N223 n-p-n, grown, video amp. 30 10 3
GAS2S293 p-n-p, alloy, gen. purpose 120 85 2.0(a) -65 -50

GA5283O3 p-n-p, alloy, core-driver 500 80 -40 -500
GA53OSO3 point contact, switch 250 -100 -50
GAS32423 p-n-p, alloy, switch 500 80 -40 -500
GA531493 p-n-p, alloy, gen. purpose 120 85 2.0(a) -65 -50
GA532333 p-n-p, diffused, vhf osc. 200 5.0(a) -35 -30
GAS327O3 n-p-n, alloy, gen. purpose 120 30 30

Power Transistors

Maximum Ratings

(a)W/C V,w,
(W) (C) (b)C/W (volts)

Manufacturer Class and Application 
and Type

Ic 
(amp.)

Bendix Aviation Corp., Red Bank Div. 
Long Branch, N. J.

2N235A p-n-p, ulloy, audio pwr. 25* 90 2(a) -40 3
2N234A P-n-p, alloy, pwr. 90 -30 3
2N285A P-n-p, alloy, hi-gain audio 95 40 3
8-114 p-n-p, alloy, audio pwr. 100 40 3
X-140 p-n-p, alloy, audio pwr. 95 40 3
X-l 1 9 P-n-p, alloy, class B audio 90 40 3
X-145 p-n-p, alloy, class B audio 90 40 3
X1 1 3 P-n-p, alloy, hi-current sw. 100 70 4
X1 33 P-n-p, alloy, hi-current sw. 80 5
XI 34 p-n-p, alloy, hi-current sw. 5Q* 1.5(a) 40 12
XI 37 p-n-p, alloy, hi-current sw. 504 1.5(a) 80 12



Basic Equivalent Circuits

(Small Signal Parameters)

6’10

3

3

O

22

40 0.0052 19

17

0.98

3 ora

60
60

20
20
20

45
45
45

10
10

Characteristics
/Sora lc0 NF Ce fco

(pa) (db) (ppf) (Mc) 2II"Z12

22 12

Z PARAMETERS 
(a)

h PARAMETERS 
( b)

25 0.0052

13
13
13

16

GENERATOR TRANSISTOR
♦W----

LOAD

SINGLE STAGE TRANSISTOR AMPLIFIER 
(0

Bei
Loi

Cl 
W

450 10
1300 10
1.0 2 20
4.5 <10 17 3

10 40 4
1000 15

10 40 4
4.5 10 22 3
13 4.5 4 500
3 20 3 r PARAMETERS-CB 

(d)

Characteristics 
pwr. 

Ico fco gain 
(ma) (Me) (db)

pwr. 
out. 
(W)

60
30
100
50
100
50
40
40s
405
15s
15s

1.0 0.007

0.008
0.008

35
30
38
34
34
25
27

2 
2
2 
5
6 
Ç6 

5»

r PARAMETERS -CE 
(e)

Continued on page 15

I
I

1. Coe design center.
2. At 6 v, 25 C.
3. Military Type.
4. With heat sink.
5. hfe de Beta.
6. Two units.
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I
Typical Switching Operation

Manufacturer 
and Type

Star 
Rise age 
Time Tim< 
M (ms’

Fall Sat. Leal 
5 Time Volt. Cur

(ms) (V) (ga

c Beta 
(a)hFE 
(b)hfe

Ben<ix Aviation Corp. 
Lonr Branch, N. J.

X110 pwr.
XI 13 pwr.
XI33 pwr.
XI34 pwr.
XI37 pwr.

Bogue Elec. Mfg. Co.
Paterson, N. J.

RD316
2N16O
2N161
2N162
2N163 
X3OA pwr.
X31A pwr.
X32A pwr.

CBS-Hytron
Lowell, Mass.

2N182
2N183
2N184

Clevite Transistor Prod.
Waltham, Mass.

2N257 pwr.
2N268 pwr.
2N297 pwr.
CTP117 pwr.

Delco Radio
Kokomo, Ind.

2 M2 7 8 pwr.
2N277 pwr.
2N174 pwr.
2N173 pwr.

General Electric Co. Ltd. 
London, England

GET1O

Lansdale Tube Co. (Phllcc 
Lansdale, Pa.

2N352 pwr.
2N353 pwr.
2N386 pwr.
2N387 pwr.
2N224
2N226 
2N24O h.f.
2N393 h.f.
2N35S h.f.
T1164

Minneapolis-Honeywell 
Minneapolis, Minn.

H5 pwr.
H6 pwr.
H7 pwr.
H3A pwr.
H4A pwr.
H1 0 pwr.

ELE TTRONIC DESI

100

0.3
0.3 
0.2 

0.25

0.7 O.fi 
0.5 0.7
0.3 O.d

50
50
60 
50

1 3.

0 

0.

0.038 
9

4 :
1

GN • J

200 2 1000 40(a)
2 8000 40(a)

2000 40(a) 
4000 15(a)
4000 15(a)

2.5 10(a)
0.4 1.25 15(a)
0.4 30(a)
0.3 35(a)
0.35 50(a)

12(a)

0.5 0.15 7.5 25(b)
0.3 I 120 50(b)
0.2 1 180 100(b)

2000 100(a)
2000 100(a)

1.0 3000 100(a)
2000 60(a)

80 0.6 15ma 80(b)
80 0.6 15ma 80(b)
100 0.6 15ma 50(b)
80 0.6 15ma 80(b)

5 4.5 40 6 40(a)

0.47 65(a)
5 90(a)

85(a) 
85(a)

0.29 0.25 75(a)
0.36 0.25 55(a)

0.06 65(a)
0.05 93(a)

0.09 0.08 50(a)
20(a)

1 0.36 -500 30(a)
42(a)

1 1 60(a)

150 12(a)
150 22(a)

0.5 1000 20(a)

jly 15, 1957

PS 606

380

PS 637

8 typical diodes in
series

Maximum

100 ma 200ma 25°C 150«C 25’C 151
Test 

Voltage
Voltege 
(volts)

Forward 
Voltage 
» 25°Ç 
(volts)

Maximum 
Average 
Forward 
current 

(«•)

Peak 
Re­

current

Maximum Inverse 
Current 

0«a)

PSI’s

PS 611

125

PS 618 — 180

PS 623 200 .025 -180

-70

-70

PS 630

PS 634

PS 633 .100

j • i inigh conductance

general purpose diodes

fast recovery diodes .

miniature rectifiers ,

J

/ from PSI...

I these silicon products :

PSI offers a complete line of high-reliability 
silicon products for a broad range of 
applications.

The High Conductance series includes38 
types consisting of useful combinations of 
d.c. inverse voltages, forward conductance, 
and inverse leakage limits. Most require­
ments can be filled by one of these types.

WRITE TODAY for new specifications describing PSPs 
complete line of semiconductor products.

pacific 
semiconductors

10451 West Jefferson Boulevard, Culver City, California
CIRCLE 506 ON READER-SERVICE CARD FOR MORE INFORMATION
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Power Transistors (Cont.)

,c < 
amp.)

1

Wc 
(W)

Maximum Ratings

Manufacturer Class and Application

n 
-i Ww/c 

(b)C/W
Ve 

[volts) (and Type

Bogue Electric Mfg. Co., Paterson, N. J.
X30A n-p-n, grown, Si, audio, servo
X3 1A n-p-n, grown, Si, audio, servo

CBS-Hytron, Lowell, Mass.

8' 
10’ 
10’

175
1

0.1(a)
1

40
80 
125

0.20
0.16
0.14

2 N15 5 p-n-p, alloy, pwr.
2N156 p-n-p, alloy, pwr.
2N1 58 p-n-p, alloy, pwr.
2N255 p-n-p, alloy, pwr.
2N256 p-n-p, alloy, pwr.

Clevite Transistor Products, Waltham, Mass.

8.5’
8.5’
8.5’

6.25’
6.25’

8 5 0.14(a)
0.14(a)
0.14(a)
0.10(a)
0.10(a)

-30
-30
-60
-15
-30

3

2N2S7 p-n-p, alloy, pwr. amp., sw. 37’ 90 0.5(a) 40 3
2N268 p-n-p, alloy, pwr. amp., sw. 37’ 90 0.5(a) 80 3

2N2973 p-n-p, alloy, pwr. amp., sw. 15’ 85 0^5(a) 60 3
CTP1 117 p-n-p, alloy, pwr. amp., sw.

Delco Radio, Kokomo, Ind.

43' 90 0.67(a) 40 d

2N278 p-n-p, alloy, pwr.
2N277 p-n-p, alloy, pwr.
2N174 p-n-p, alloy, pwr.
2N173 p-n-p, alloy, pwr.

General Electric Co. Ltd., London, England

7<)’ 9 5 H b) 50
40
80
60

1 3

GET7 p-n-p, alloy, de conv.
GET8 p-n-p, alloy, audio output
GET9 p-n-p, alloy, volt. reg.

Lansdale Tube Co., Div. of Philco Corp.,

14’ 75
1

1.5(b)
1

-15
-30
-60

1 1

Lansdale, Pa.
2N352/T1O4O p-n-p, alloy, audio out., sw. 7 1 100 3(b) -40 2
2N353/T1041 p-n-p, alloy, audio out., sw. 10’ 100 2.5(b) -40 •2
2N386/T1167 p-n-p, alloy, servo, pwr. sw. 12.5’ 100 2(b) -60 3
2N387/T1168 p-n-p, alloy, servo, pwr. sw.

Minneapolis-Honeywell Regulator Co.,

12.5’ 100 2(b) -80 3

Minneapolis, Minn.
H5* p-n-p, alloy, servo, de conv.
H6* p-n-p, alloy, servo, de conv.
H7* p-n-p, alloy, servo, de conv.
H3A* p-n-p, alloy, servo amp.
H4A( p-n-p, alloy, servo amp.

* H10 p-n-p, alloy, de conv.

11 i II
Motorola Inc., Semiconductor Product Div,,

20‘ 
20‘ 
20*
36 

3« 
554

9 5 2.2(b) 
2.2(b)
2.2(b) 
14(b) 
14(b) 
0.8(b)

-80
-80
-80
-60
-60
-60

-3
-3
-3
-3.5
-0.5
-15

Phoenix, Arizona
2 N176 p-n-p, fused, audio pwr.
MN21 p-n-p, fused, high-volt.
MN24 P-n-p, fused, audio pwr.
MN25 p-n-p, fused, audio pwr.
MN26 p-n-p, fused, audio pwr.
MN28 p-n-p, fused, audio pwr., sw.
MN29 p-n-p, fused, audio pwr., sw.

1 0 90 K □) 40
80
40
40
40
30
40

1

'1 • 1
Nucleonic Products Co., Los Angeles, Calif.

2N35O p-n-p, alloy, audio pwr.
2 N1 5 5 power

.
XIV

10
13.5

90 Ka) 
2.5(b)

-40
-30

3
■3



Characteristics
pwr. pwr.

ßora leo fco gain out. 
(ma) (Me) (db) (W)

Typical Switching Operation (cont.) 1

Stor-
Manufacturer Rise age Fall Sat. Leak Beta 1
and Type Time Time Time Volt. Cur. (a)hFl ]

(ms) (/xs) (ms) (V) (Ma) (b)hf. I

15 32 2
1 1 1

40 0.42 0.145 33 2
40 0.26 0.180 33 2
41 0.26 0.180 37 2
30 0.145 19-26 1
30 0.145 22-29 2

2 0.33 3 3 2.5
2 31 2.5
3
2 33 5.0

0.34 40
0.34 40
0.154 38
0.34 40

20 .062 0.25 46 20

3 0.016s 36
3 36
5 33
5 33

50’ -0.5 >0.008 31 10
75’ -0.5 >0.007 34 10
140’ -0.5 >0.006 37 10
12’ 0.15'° 21 2
15’ 0.15'0 23 3

45 <1 0.007 34 2
65 1.5 37 5
40 <1 31 4
60 <1 33 4
80 <1 35 4
60 2 31 2
60 2 33 2

60 3 0.006 33
50 0.3

Motorola Inc.
Phoenix, Ariz.

2N176 pwr. 50 1 0 8 0 0.6 1 000 75(t 1
MN13A 7 2 9 0.2 30 25(a) 1

1 1 12 1 1 ^Ota) I
MN13C 1 1 12 1 1 80(a) 1
MN21 pwr. 50 10 80 0.6 1500 55(a) 1
MN24 pwr. 1000 40(a) ]
MN25 pwr. 1 60(a) 1
MN 2 6 pwr. | 80(a) 1
MN28 pwr. 2000 70(a) 1
MN29 pwr. j 2000 70(a) 1

RCA
Somerville, N. J.

2N269 0.15 —4

Raytheon Mfg. Co.
Newton, Mass.

2N113 h.f. 0.1 0.15
2N114 h.f. 0.05 0.15

Sprague Elec. Co.
North Adams, Mass.

2N159 0.12 1.5 0.5
PC6 0.05 1.0 0.5
SB5122 0.015 0.065 0.015 -0.1 -200 12(b)

Sylvania Elec. Prod.
Woburn, Mass.

2N34 1.0 2.0 2.0
2N35 1.0 1.5 2.0
2N94A h.f. 0.3 0.4 0.6 49(b)
2N377 h.f. 1 1 1 0.75 30(a)
2N38S h.f. 0.75 60(a)
2N388 h.f. 0.6 0.6 0.6 0.75 80(a)
2N325 pwr. 5 10 5 0.6

Texas Instruments Inc.
Dallas, Texas

2N263 0.06 0.02 0.14 80(a)
2N337 0.05 | 0.08 20(a)
2N338 0.06 | 0.14 80(a)

Tung-Sol Elec. Inc.
East Orange, N. J.

TS612 pwr. 25 40 1.0 35(a)
TS613 pwr. I I I 30(a)
TS614 1 II 60(a)

Western Electric Co.
New York, N. Y. 

2N11O 90 1.7
GA5283O 0.45 1.1 0.6
GA53242 0.45 1.1 0.6

1. With heat sink.
2. Military Type.
3. Common base circuit.
4. Grounded base.
5. fico, grounded emitter.
6. At a mounting base temp, of 50 C.
7. Two units, class B push-pull, common emitter.
8. DC beta.
9. Icbo at 60 v.
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SOMEBODY STOLE MY 126

r PARAMETERS-CC

49(b)

60(a)

Technical Data Immediately Available

LABORATORIES. INCORPORATED

19b

4 tb

22o
122b

CIRCLE 507 ON READER-SERVICE CARD FOR MORE INFORMATION

Transistor Curve Tracers with collector supply up to 25 AMPERES on charac­
teristic families. These units are available on a FOUR WEEK DELIVERY 
SCHEDULE. Input current steps from 1 Microampere input current source 
well suited for checking silicon transistors. Manual stepping of ANY SINGLE 
characteristic curve throughout range. Automatic display of characteristic 
family. Highest power available transistors can be measured to MAXIMUM 
RATINGS over COMPLETE characteristic range.

TABLE I h Parameters CB-CE-CC

ELECTRONIC DESIGN • July 15, 1957

l22e = n22u

l22o— U12o n2io

121 N. SEVENTH STREET 

PHILADELPHIA 6, PENNSYLVANIA

CE CC

bub hub

CB

fine— 1
(l + h2lbXl — hl2b)+hl 1 b 1122b

hub h22b~(l+h21b) hi2b

Ill2e-‘

Deb

— hub 1122b-h21b(l — hl2b)

h21e-

Deb

1122b

h22e~ 

Deb

Itilo —
(l+h2ibXl-hi2b)+hnb h22b

1+htib 

hl2c-

DCb

-d-h12b)

h21c- “

Dcb

h«b 

h22c-

Deb

CB cc
hlie 

h 1 lb hiic 33 ^lle
(14 h2ie)(l-hi2e)+hu,. h22e

bile 1122e—d + lhle) h,2e

hl2b- ' hl2o “ (1 — hl2-)

CE Dbe

— Ihle h22e—(l~hi2«>) tl21e

1121b- halo = — (1 + h21e)
Dbe

h22e

^22b = 1122c =^22»
Dbe



Pow<er Transistors (Cont.)
Maximum Ratings

Manufacturer Class and Application W.
(W)

Ti 
(0

(o)W/C 

(b)C/W
Vc Ic 

(volts) (amp.)and Type

Pye industrial Electronics, Ltd., 
Newmarket, England

V15/1 OP p-n-p, alloy, pwr., 6v de conv.

VI5/2OP p-n-p, alloy, pwr., 6v de conv.

VI5/3OP p-n-p, alloy, pwr., 6v de conv.

V3O/1OP p-n-p, alloy, pwr., 12v de conv.

V3O/2OP p-n-p, alloy, pwr., 12v de conv.

V3O/3OP p-n-p, '.'Hoy, pwr., 12v de conv.

RCA, Somerville, N. J.
2N3O1* p-n-p, alloy, Ige. sig. <iudio pwr.

2N3O1 A4 p-n-p, alloy, Ige. sig. audio pwr.

Sylvania Electric Products Co., Woburn, Mass.

H

i;

i.

)2

Z2

z2

75

85
85

0.2 (a)

II
 

1 
1 

1 
1 

1 
1

O
 ». 

C
O

 
W

 
C

J 
—

 
—

• 
—

O
 O 

O
 

O
 

O
 

U
i 

Ln
 

Ln

1 1 
__

__
__

__
__

__
__

__
__

 1 3

2

2

2N68 p-n-p, alloy, pwr.

2N95 n-p-n, alloy, pwr.

* 2N101 p-n-p, alloy, pwr

2N102 n-p-n, alloy, pwr.

2N141 p-n-p, alloy, pwr.

2N142 n-p-n, alloy, pwr.

2N143 p-n-p, alloy, pwr.

INI44 n-p-n, alloy, pwr.

2 N1 5 5 p-n-p, alloy, pwr.

2N176 p-n-p, alloy, pwr.

4

8.

H

I

52

I1

75

85

90

0.0Í

O.h

K

Ua)

Ka) 

a)

-30 1.

-60 0

60

-60

60

5

8

J

2N23SA p-n-p, nlloy, pwr.

i 2N242 p-n-p, alloy, pwr.

2N2SO P-n-p, alloy, pwr.

2N257 P-n p, alloy, pwr.

52

252

122

252

85 

100

80 

85

0.5(a)

0.33(a)

0.22(a)

0.41(a) Ill
i 

» CO
 » 

».
 

O
 

U
t O Z

2N296 p-n-p, alloy, pwr. 252 100 0.33(a) -60 2

2N307 p-n-p, alloy, gen. purp pwr. 152 75 0.3(a) -35 1

2N325* P-n-p, alloy, pwr. 122 85 0.2(a) -35 2

2N326* n-p-n, alloy, pwr.

Toxas Instruments Inc., Dallas, Toxas

72 85 0.12(a) 35 2

95110 n-p-n, grown, Si, med. pwr.

952’° n-p-n, grown, Si, med. pwr.

953’° n-p-n, grown. Si, med. pwr.

2N243' n-p-n, grown, Si, med. pwr.

2N244’0 n-p-n, grown, Si, med. pwr.

2N339'r n-p-n, grown, Si, med. pwr.

2N34O'- n-p-n, grown, Si, med. pwr.

0.7

1

1

r52

0 

0

150 in>(b) 50 .060

80 .050

120 .040

60 .060

60 .060

55 .060

85 .050

2N34110 n-p-n, grown. Si, med. pwr.

2N34210 n-p-n, grown, Si, med. pwr.

2N343; n-p-n, grown. Si, med. pwr.

97 O’1 n-p-n, grown. Si, power

2N38910 n-p-n, grown, Si, power

1.0

8.75

37.5

150 116(b) 
1 

166(b) 

166(b)

125 .040

60 .060

60 .060

120 .140

60

2N25O p-n-p, alloy, audio amp. 25 85 1.1(b) -30 3.0

2N251 p-n-p, alloy, audio amp.

* 
Transitron Electronic Corp., Melrose, Mass.

25 85 1.1(b) -60 3.0

2N83 p n-p, pwr. amp.

2N83A p-n-p, pwr. amp.

2N84 p-n-p. pwr. amp.

2N84A p-n-p, pwr. amp.

Tung-Sol Electric, Inc., East Orange, N. J.

1 0 85
1

0.16(a) -66

-66

-50

-50

2

3

2

3

TSI76 p-n-p, alloy, audio pwr.

TS612 P-n-p, alloy, pwr. sw.

TS613 p-n-p, alloy, pwr. sw.

TS614 p-n-p, alloy, pwr. sw.

2N307 p-n-p, alloy, audio pwr.

Western Electric Co., Now York, N. Y.

102

15’

15’

I52

85 31

5

b)

b)

-30

-40

-80

-60

-35

2

3

3

3 

1

2N66* p-n-p, alloy, pwr. amp.

xvi

I l '

52 80 0.5(a) -60 -■0.8



TABLE II h Parameters to r Parameters

0 ora

18 

24 

38

18 

24 

38

70’ 

703

40«

607 

607

607

276 

257 

40« 

40«

0.94”

0.97" 

0.94" 

0.94"

0.94" 

0.94" 

0.97"

3" 

IO’2 

30 

30

IR 

17 

21 

20

50

<20

Characteristics 
pwr.

Ico fco gain 
(ma) (Me) (db)

pwr. 
out. 
(W)

0.03 0.1 12’

-0.22

-0.2

30«

30s

12s

125

5 0.4 23

26

1 0.145 33

3-0 0.01 37

2 0.007 35

5 0.005 35

1 0.006 33

2 0.007 30

0.2 0.004

15 0.003

0.5 0.15 28

05 0.15 28

.005 

.006 

.008 

.001

.001 

.001 

.001

.001

30

30

0.6

2 

3

2

2.5

1.5

3’

3’

.01 28”

.01

0.3 .012” 31 1.5

0,3 .012” 31 1.5

O.J 

0.08 

0.11 

0.09

0.35 

0.4 

0.4 

0.45

0.3

15

0.07

0.009 32 

24’ 

23” 

2915

[2.5 

26” 

52” 

54”

0,2

TABLE IV z Parameters CB-CE-CC

CB

CE CC

Zlle = Zllt

Zj2e = Znb — Zi2b

Z21e = Zub — Z2ib

Z22e = Znb — Z21b + Z22b

Zllc = Z22b

Z)2o “ Z22b ~ Z21b

Z21c = Z22b — Z12b

Z22c = Zl lb — Zi2b ~ Z21b + Zi2b

CB CC

CE
Znb=Zu,

Z)2b = Zne — Zi2e

Z21b = Zlle — Z21e

Z22b = Z22e — Z21e

Zllc = Zne — Z12e — Z21e + Zj2e

Zl2o = Zi», — Z12e

Z21O = Z22e _ Z2U

Z22c = Z22e

CC

CB CE

I ■

Zllb “ Zllc — Z12c — Z21C + Z22c

Zi2b “ Ziic — Z21C

Z2ib = Zu« — Zi2c

Zlle = Zllc — Z12c — Z21c + Z22o

Z12e = Z22c — Z12c

Z21e = Z22c — Z21c

Z22e = Z22c

1.
2.
3.

5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.

Push-pull class B on heat sink. 
With heat sink.
Large signal current transfer ratio. 
All characteristics for CE operation. 
Two transistors class B push-pull. 
hfo current gain, 

hfe 
Military Type.
Push-pull.
All characteristics for grounded base.
Alpha design center.
DC beta (min.)
Common emitter, 1 w. out at 100 C. 
Design center.
Switch.
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H Zaab

ccCECB

"rd+rm-
hllo=Fb+hlle = rb+G

_rd+reJ_rd+r,J

hn

h21o= —thlb“-

_ fd+fe J

1
hj2

1
h-22b=-----------

hl2e=--------------

Fd+Fe

^220=-------------

Fd+Fe

rm-r.
11216“------------

Fb 
hl2b =

Fd 
hi2c“------------- 

Fd+Fe

1
1122c“--------

ABLE III r Parameters to h Parameters

Ulb=Fe+Fb

Z22e

957

hji

TABLE V r Parameters to z Parameters

CB CE CC

111 Fb + Fe Fb+Fe Fc + Fb

1)2 Fb re Fd

*21 rm + rb Fe — Fm Fo

122 Fc+Fb Fe + Fd Fe+Fd

TABLE VI 
h to z Conversion

TABLE VII 
z to h Conversion

TABLE VIII z Parameters to r Parameters

CB CE CC

Zllb ~ Z12b Z12e Z220 — Zi2e

Z12b Zile — Zi2e Zu« — Z2I0

Z22b ~ Z12b Z22e “ Z2U Zsie

Z22b “ Z21b Z22e ~ Z12e Z12o

Z21b ~ Zl2b Z12e — Z21e Z2I0 — Z12c

ELECTRONIC DESIGN • July 15, 1957



Types: HMP1 thru HMP5 and 1A 
thru 5A; HDMP4 thru HDMP10 and 
4A thru 10A

Types: IN536 thru 1N540, IN1095

Types: IN456 thru IN459, IN461 
thru IN464, IN482 thru IN488, A 
and B

Types: IN137A, IN138A, IN200 
thru IN222, IN431, IN465 thru 
IN470, ZA8 thru ZA125. Double 
anode types IN471 thru IN475, 
IN225 thru IN235. (Silicon Junction 
Diodes will also be available in 
axial glass package)

Types: 1N430, IN430A, IN430B

. HFVYRLthru HFWR3

’ Types: HZPR in Zener Voltage, 
voltages between 10 and 100 volts

Type: IN429

xvii

CIRCLE 508 ON READER-SERVICE CARD FOR MORE INFORMATION



Curve Tracers

Manufacturer 
and Model

Maximum 
Base 

Current

Max. Collector 
Sweep Current 
and Frequency

Max. Coll.
Sweep
Power

Mln. Load 
Resistance

Max. 
Sweep 
Volts

Auxillary 
Equip.

Needed
Characteristics 

Displayed
Internai 

Calib.
Accuracy Price and 

Delivery
Size and 
Weight

American Electronic Lab.
121 North Seventh Street 

Philadelphia 6, Pennsylvania
126H

126R

Cubic Corporation
5575 Kearney Villa Road 
San Diego, 11 California

600 ma

600 ma

3 a
60 cps 
15 a

60 cps

30 w

200 w —

150 v

200 v

Scope

Scope

Output, Input

Output, Input

Yes

Yes —

$1,090.00 
4 weeks 

$1,250.00 
10 weeks 

(Oscilloscope 
$425 extra)

19" x 21* x 32*
150 pounds

19’x 21* x 32*
170 pounds 1

504 .7 m u 1/30 a
600 cps

Yi w — 18 v Scope Output No — $325.00
30 days

2* x 3’ x 8"
1 pound I

Dunn Engineering Associates, Inc.
186 Massachusetts Avenue 
Cambridge 39, Massachusetts

331 1 ma 250 cps or 25 cps 
Triangular Waveform

— 1,300 ohm 50 v Scope Output, Transfer Yes 3% $750.00 
1 week

21’ x 11* x 14’ 
65 pounds

Fairchild Guided Missiles Div.
Wyandanch, L. 1., New York

103A

f i

10 ma % a 
60 cps

2.5 w — 100 v Scope Output, Transfer Yes 5% $650.00
30 days

19" x 13" x 10’
35 pounds

Magnetic Amplifiers
632 Tinton Avenue 
New York 55, New York

200A

300A

10 ma

200 ma

1/10 a 

60 cps
2 a

60 cps

2 w

5 w

100 ohm

1 ohm

100 v

100 v

Scope

Scope

Output, Transfer

Output, Transfer

Yes

Yes

2’A%

2’A%

$685.00 
10 days 
$785.00 
45 days

16" x 10’ x 8’
18 pounds 1 

16’ x 10’ x 13’
28 pounds

Norden-Ketay Corporation
Instrument and Systems Division
Wiley Street
Milford, Connecticut

BC T-300 
w ' 1 * 110 ma 8 a

60 cps
20 w 1/10 ohm 267 v Scope Output, Transfer Yes 2% $795.00

30 days
19" x 9" x 14"

35 pounds

Polyphase Instrument Company
East Fourth Street 

l Bridgeport, Pennsylvania
TA-3A

TA-131
1.2 ma

450 ma

1/10 a 
120 cps 

10 a 
60 cps

10 w

1,560 w Less than 1 ohm

150 v

150 v

Scope

Scope

Output, Input

Output, Input, 
Transfer

Yes

Yes —

$645.00 
6 weeks 

$3,600.00

19" x 19’ x 10’ 
50 pounds (approx.) 

19* x 60’ x 15* 
250 pounds (approx.)

* TA-11 20 a 3000 w _____ 150 v Scope Output, Transfer $1,450.00

R. C. A.
Harrison, New Jersey

811C-1 1,000 ma 1 a, 60 cps 
Yi wave

300 w — 1,000 v None Output, Transfer Yes — $6,500.00 
10 months

19’ x 21’ x 32*
140 pounds (approx.)

Tektronix
Portland 7, Oregon

575

Sonex, Incorporated
73 S. State Road

2,400 ma 10 a
60 cps

200 w 1 ohm 200 v. None Output, Input, 

Transfer
Yes 3% $925.00

6 months
13" x 17" x 24"

70 pounds

Upper Darby, Pennsylvania
CT-103 0.5 ma 1 5 ma

60 cps
1.5 w —■ — 100 v Scope Output Yes 5% $135.00 

immediate
10* x 8" x 8"

13 pounds

xviii ELECTRONIC DESIGN • July 15, 1957
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Transistor
Test Equipment 

Survey

Soren C. Ibsen
Norden-Ketay Corp. 

Milford, Conn.

THE TRANSISTOR test equipment field is keeping 
abreast of the dynamic semi-conductor growth by 

providing a large variety of instruments. The equip­
ment power handling capabilities have a spread of 1/2 
watt to 1560 watts; whereas, the weight of the in­
struments have extremes of 1 pound to 250 pounds. 
The units vary in price from $125.00 to $6,500.00. This 
variety has been dictated by the exponential growth 
of transistors themselves. Point contact types have 
been replaced with junctions and other transistors. 
Power transistors with dissipation ratings above 50 
watts have outclassed their predecessors.

This power handling capability is the strongest 
underlying trend in Transistor Test Equipment for 
1957. This high power need is met by some manufac­
turers by offering two separate models while others 
have upgraded their equipment to cover the entire 
span.

The 33 commercially available models built by 21 
manufacturers tend to align themselves into four gen­
eral categories: Curve Tracers, Parameter-Analyzers, 
Portable Test Sets, and Miscellaneous types. In each 
category, many performance differences are found 
among the instruments and they should be compared 
as to their individual merits.

Curve Tracers usually employ 60 cycle sweep power 
to produce the transistor characteristic curves for 
oscilloscope display. Sweep power varies greatly 
among units. If large power is available in the sweep 
circuit, then small transistor load resistance is neces­
sary for the proper hybrid impedance termination. 
On the other hand, high sweep voltage is vital for 
transistor breakdown measurements and a transistor 
collector voltage of above 250 volts may be required. 
The accuracy specification should be evaluated with 
the oscilloscope tolerance included.

Parameter-Analyzers generally operate by small 
signal measuring techniques. Metered input and out­
put bias supplies provide the transistor de operating 
point under consideration. The transistor is connected 
in ither the grounded base or grounding emitter 
configuration, with bias approriate for pnp or npn 
typ's. A small internal audio test signal is properly 
app’ied to the transistor, detected, and converted to

HIGH QUALITY 
DIODES AHD 
TRANSISTORS 
MUST HAVE 
CONSISTEHTLY 
HIGH QUALITY 
WELDS

Raytheon subminiature 
precision welding systems 
provide extremely uniform 
production—from the 1st to 
the 1,000,000th unit.

The four difficult welds shown here are being 
performed with Raytheon precision welding 
equipment at the rate of 25,000 units a day by 
the diode division of a major electronics manu­
facturer.* In addition to joining the compo­
nents of these diodes, the welding also seals 
them hermetically. Statistical sampling of pro­
duction runs consistently meets JETEC speci­
fications for high quality welds.

Raytheon AC and DC power supplies, con­
trols, welding heads and transformers have 
been proved in applications where high speed, 
low cost, precision welding is required. Mil­
lions of tubes, transistors, diodes, relays, instru­
ments, capacitors and resistors have been pro­
duced with Raytheon welders—designed and 
produced by electronic engineers for use in 
electronic manufacture.

Learn how Raytheon can help you solve your 
production problems; have your own samples 
processed in our Welding Application Labo­
ratory. Write Dept. 6120ED.

TYPICAL DIODE 
ASSEMBLY - 
four welds performed 
with Raytheon precision 
welding equipment

Pinch-off weld joining 
.010" diam. annealed 
nickel wire, .032" diam. 
tinned copper wire and 
hermetically sealing 
both in Kovar tube.010" diam. soft annealed 

nickel wire to tungsten 
spike

Kovar disk hermetically 
sealed to plated mild steel 
case

.032" diam. tinned cop­
per butt weld to Kovar 
disk

RAYTHEON MANUFACTURING COMPANY
Commercial Equipment Division

Waltham B4, Mass.

Excellence in Electronics

Raytheon production equipment for the electronic Industry—AC and DC welding equipment • Automatic welding systems • Magnetizers • Ultrasonic Impact Grinders
CIRCLE 509 ON READER-SERVICE CARD FOR MORE INFORMATION
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Portable Test Sets

ELECTRONIC DESIGNXX

hybrid parameters for meter readout. Microampere 
test signals and true hybrid ac termination are manu- 
datory for precision measurements with accuracy of 
better than ± 5 percent.

Analyzers vary in that some require external signal 
generators and vtvm detection while others are self­
contained. The de bias capability is an important 
variation when high power transistors are to be meas­
ured. The range of parameter measurement is vital if

the instrument is to test all transistors commercially 
available. One instrument has combined the parameter 
analyzing with that of curve tracing to provide a 
highly versatile Transistor Test Set.

Portable test sets are generally simplified parameter­
analyzers in that the units provide only one or two 
parameters with the primary function of go-no-go 
testing. Some units are only de static test instruments. 
The input bias current is limited and collector volt-

age is low. Battery operation is standard. The ccur- 
acy is normally not better than ± 5 percent.

How should a transistor be evaluated? The actual 
transistor user is the best judge as to what transistor 
characteristics are vital to his particular applications 
He must further compromise as to whether a curve 
display is superior to a meter reading. Then questions 
as to instrument range, accuracy, flexibility, complete­
ness and price become deciding factors.

Manufacturer 
Model No.

Maximum DC 
Base Current

Maximum DC 
Collector Voltage Test Frequency

Characteristics 
Displayed

Maximum 
Beta Range Accuracy

Battery 
Operated Size and Weight

Price and 
Delivery

Baird Atomic, Incorporated 
Cambridge, Massachusetts

KT-1

10 mo 714 v 1 kc Beta, Hn, Ico 200 3% Yes 6* x 5* x 11" $175.00
30 days

C. G. Electronics
305 Dallas Street 
Albuquerque, New Mexico

TR-2

10 mo 12 v 1 kc Alpha, Beta, lco 1 000 Yes 4" x 4" x 8" 
3 pounds

$124.50
15 days

Electronic Research Associates, Inc.
67 East Centre Street
Nutley, New Jersey

AT-1O

10 ma 100 v 240 cps (External 
Oscillator to 5 me)

Alpha, Beta 100 5% No 8" x 11" x 8" 
17 pounds

$385.00
60 days

Davenco,Incorporated
150 Broadway 
New York 38, New York 

TT-1

4’A v 270 cps Beta 100 — Yes 9" x 6" x 6* 
9 pounds

$125.00 
8 weeks

Measurements Corporation
Boonton, New Jersey

SO5

70 ma 12 v DC Ico. Beta, Gm, H11 200 — Yes 10" x 14" x 7" 

9 pounds
—

Motronic, Incorporated
Mill Lane 
Waterford, Connecticut

545

100 ma 5.2 v
External to 25 v

1 kc Beta, lco 250 3% Yes 7" x 11" x 7*
8 pounds

$210.00 
4 weeks

Sonex, Incorporated 
73 S. State Road 

^^^RPüaroy. Pennsylvania

TT-205

2 ma 20 v

*

1 kc 
(External Osc. 
0.25 to 5 kc)

Beta, lco, Rc 150 
(Larger as 
calibrated)

5% Yes 14" x 8" x 8"
19 pounds

$155.00 
immediate

Quantum Electronics, Incorporated
1921 Virginia Street
Albuquerque, New Mexico 

Mod. V

100 ma 5.36 v 2 kc leo, «eta 1,000 5% Yes 5" x 7" x 10" 
5’/? pounds

$295.00
90 days

Durson Company 
10416 National Hlvd. 
Los Angeles 34, Calif.

201

10 ma 5 v — Beta, lco 500 — Yes 10" x 7" x 5"
10 pounds

$190.00
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CROSS INDEX

ceramic
DISC CAPACITORS

XXI

% or

1N85
2N29
2N32
2N33
2N34
2N35
JN36
2N37
2N38
2N43
2N43A
2N44
2N45
2N59
2N60

2N6I
2N63
2N64
2N65
2N66
2N67
2N68
2N77
2N78
2N83
2N83A
2N84
2N84A
2N94
7N94A
2N95
2N97
2N98
2N99
2N101
2N102
2N103
2N104
2N105
2N106

2N160
2NI60A
2N161
2N161A
2N162
2N162A
2N163
2N163A
2N164A
2N165
2N167
2N168A
2N169
2N169A
2N172
2N173
2N174
2N175
2N176
2N180

2N110
2N111
2N111A
2N112
2N112A
2N113
2N114

WE
Ra

i ■
Ra

Ra
Ra
Ra

Sv
Sy
Sy
L
Bo
Bo
Sv
Sy
£< ■
PC A

RCA
Ra

#22
tinned
copper
wire

t
Bo

Bo
Bo

h..
r..

f.
Bo
GE

GE
GE

GE
GE

GE
Ti
D
De
RCA
Sy, Mo
CBS

I'A
mm.

.170
max
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ætual 
sistor 
tions. 
curve 
stions 
plete-

Amperex Am Minneapolis-
Bendix Be Honeywell MH
Bogue Bo Motorola Mo

British Thomson- Mullard Mu
Houston BTH Nucleonic Nu

CBS-Hytron CBS PYE Electronics PYE
Clevite C Raytheon Ro

Delco Sprague Sp
Fre tea Sylvania Sy

General Electric GE Texas Instrument Tl
General Electric Transitron Tr

Co. Ltd. GL Tung-Sol TS
General Transistor GT Western Electric WE

Intelex Systems IS Westinghouse Wh
Lansdale Tube

(Philco) LT

2N159/5A Sp

WE 2N123 GE
WE 2N128 LT
Fr 2N129 LT
Fr 2N130 Ra
Fr, Sy 2N130A Ra
Fr, Sy 2N131 Ra
Fr 2N131A Ra
Fr 2N132 Ra
Fr 2N132À Ra
GE 2N133 Ra
GT, GE 2N133A Ra
GT, GE 2N138A Ra
GE 2N139 RCA
Wh 2N140 RCA
Wh 2N141 Sy
Wh 2N142 Sy
Ra, TS 2N143 Sy
Ra, TS 2N144 Sy
Ra, TS 2N145 Tl
WE 2N146 Tl
WE 2N147 Tl
Sy 2N148 Tl
RCA 2N149 Tl
GE 2N150 Tl
Tr 2N155 CBS, Nu, Sy
Tr 2N156 CBS
Tr 2N158 CBS

2N109/2N217 Am,RCA

ELECTRONIC DESIGN • July 15, 1957

for your transistorized circuits

I. F. TRANSFORMERS
custom-built to the Q you require with the
low cost advantages of mass production
in %", Vi" and %" sizes

Whether your circuit requires a high Q for performance ora lowQ
for greater stability, Radio Industries will engineer and manufac-
ture I.F. transformers to meet any specific level you require, up to
200 for the %" and ’A" and up to 140 for the W. Rl transformers
have the shunt capacitors built in to meet your requirements.

Available in a variety of terminal
styles for wired and printed circuits.

for your transistorized circuits

Cap. in mfd 
"A” dim.

.001

.285

r
.005
.285

.01 
.340

.02 

.440

Cap. in mfd .03 .05 .10 .20
"A” dim. .575 .630 .720 .720

1 H

«1
unique copper plating process lowers production costs

The Radio Industries patented Kemetal copper plating process
provides copper electrodes that assure greater adhesion and
freedom from migration. Another special Rl process makes pos-
sible the unusual thinness of these capacitors, to meet the need
for increased capacitance in a smaller S(ze.

With a power factor of 3% maximum at 1 KC, Rl caps have a
working voltage of 30 volts DC with a minimum I.R. of 1000
megohms contingent upon capacity values. Capacitance toler­
ances are available in 4-100% —20%, *20%, *10%.

Writs for compioto description and details

5225 no. ravenswood ave. Chicago 40, Illinois
3 modern plants: Chicago, Des Plaines, and Marshall, III.



Maximum
Frequency

Range

Parameter Analyzers

Manufacturer 
and Model

Max. DC 
Base 

Current

Max. DC 
Collector 
Power

Max. DC 
Collector 
Voltage 
Current

Parameters 
Measured 

(gb and ge, 
NPN and PNP)

Range of 
Measurement

Transistor 
Bias 

Terminations 
(Output)

Baird Associate*
73 University Road 
Cambridge, Massachusetts

GP-4

KP-1

5 ma

200 ma

Vz w

30 w

45 v
5 ma
100 v

300 ma

H) 1, H12, H21, H22, ico

Hl 1, Hi 2, H21, H22. ho

H1 ] to 3K ohm 
H21 to 1,000
H11 to 3K ohm 
H21 to 1,000

-------

Quantum Electronic*
1921 Virginia Avenue 
Albuquerque, New Mexico

PTA #3 1,500 ma
1

75 w 
Regulated)

32 v
15 a H2I, (ge only) H21 to 1,000 ____

Norden-Ketay Corporation 
Instrument & Systems Division

Wiley Street
Milford, Connecticut

BCT-3OO (See Curve Tracer)

BTS-400

10 ma

1,000 ma

2 w

60 w

100 v
20 ma
150 v

6 a

H21. H, 1

Hi 1, H ] 2, H21, H22
(Real and Imaginary)

H1 j to 1 OK ohms 
H21 to 1,000 
Hi 1 to 100K ohms 
H21 to 1,000

100 ohm

1 ohm

Owens Laboratories
55 Beacon Place 
Pasadena, California

210
7Yz mo 75 v

Ico» Leo, Ices

H11, H]2, H22» H2I, Ico H] 1 to IK 
H2i to 1,000

5 ohms

(ge) -200 kc
(gb) -1 me

200 kc

DC Tests

1 me 
ge or gb

2 me with external 
Oscillator, ge or gb

1 me with external 
Oscillator, VTVM

Accu- External Size Battery Price
racy Equipment and Oper- and

Required Weight ated Delivery

5% Ose. VTVM 22" x 10’ x 13* Yes $475.00
70 pounds 30 days

5% Ose. VTVM 22" x 22" x 15" No $795.00
100 pounds 90 days

47" x 21" x 24" No $3,475.00
None 200 pounds 120 days

3% Ose. VTVM 19" x 8" x 14" No $795.00
35 pounds 30 days

None 19" x 14" x 15" No $2,495.00
2% 80 pounds 6 months

5% None 1 5" x 1 3" x 4* No $475.00
1 8 pounds 30 days

2 

2
2
2
21
21
21 

21
21 

2
2 
2
2 

2
2
2
2
2
2 
2
2 
2
2 
2
2

2 
2
2
2
2
2
2
2
2
2 
2
3
3

Manufacturer 
Model

Miscellaneous Test Equipment

Price and 
Delivery

INDEX (Cont.) 1
2N181
2N182 
2N183 
OMI RA

CBS 
CBS 
CBS 
CBS
Tl

2N218 
2N219 
2N220 
2N223

RCA I
RCA I
RCA I
LT ■

Description Test Performed

Electronic Measurement* Power Pack for Transistors. Provides voltage to 100 v and — 2N185 2N224 LT 1
Lewis Street 3000 mu regulated to 1/10 ohm 2N186 GE 2N225 LT
Eatontown, New Jersey output impedance. Input modula- 2N186A GE 2N226 LT 1

200 Serie* tions jacks available for coefficient 2N187 GE 2N227 LT I
measurements. 2N187A GE 2N228 Sy I

2N188 GE 2N229 Sy 1
Electronic Research Assoc. Transistor Noise figure meter. Range of 60 db at 1000 cps with $775.00 2N188A GE 2N233 Sy 1

Incorpoeated 1 cycle band-width. DC input bias 4 weeks 2N189 GE 2N234A Be I
69 East Center Street to 10 ma. 2N190 GE 2N235A Be, Sy I
Nutley, New Jersey 2N191 GE 2N237 Tl I

NET 2N192 GE 2N238 Tl 1
2N193 Sy 2N240 LT I

Kay Electric Alpha versus frequency Curve DC input bias to 10 ma. Output $1,595.00 2N194 Sy 2N241 GE I
Maple Avenue Tracer. Combine bias controls bias 25 ma and 50 volts. Auxiliary 60 days 2N206 RCA 2N241Ä GE I
Pine Brook, New Jersey with “Mega-Sweep” generator Oscilloscope required. 2N207 LT 2N242 Sy I

970A (50 me). 2N207A LT 2N243/2N342 Tl
2N207B LT 2N244/2N343 Tl

Polyphase Alpha and Beta versus input cur- DC input bias to 1 5 ma. Output $1,225.00 2N211 Sy 2N247 RCA 1
East Fourth Street rent Curve Tracer. Metered Beta, bias to 30 ma and 100 v. 4 weeks 2N212 Sy 2N250 Sy, Tl I
Bridgeport, Pennsylvania Alpha end Ico. 2N213 Sy 2N251 Tl 1

TA-1B 2N214 Sy 2N252 Tl 1
2N215 RCA 2N253 Tl I

TA-10 Unijunction transistor or diode Interbase or power pack, 0-100 v. $395.00 2N216 Sy 2N254 Tl 1
curve tracer; power supply. 0-100 ma. Emitter to 150 v. Scope 

required.

2N217 RCA 2N255 CBS I
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Tl
Tl

Tl

2H256 CBS 2N348 Bo
2N257 C, Sy 2N349 Bo

Tl 2N350 Nu
2- 265 GE 2N352/T1040 LT
2N268 C 2N353/T1041 LT
2N269 RCA 2N354/T1025 LT
2N270 RCA 2N355/T1159 LT'Ite 1

2N271 Ra 2N356 GT
nd 1

2b 271A Ra 2N357 GT
2N272 Ra 2N358 GT
2N273 Ra 2N377 Sy
2N277 De 2N385 Sy
2N278 De 2N386/T1167 LT
2N279 Am 2N387/T1168 LT

'5,00 I 2N280 Am 2N388 Sy
2N281 Am 2N389 Tl

days I 2N282 Am 2N393/T1166 LT
»5.00 I

2N283 Am 2N402 Wh
days 1

2N284 Am 2N403 Wh
2N284A Am 3N22 We
2N285A Be 3N29 GE
2N291 Tl 3N30 GE

1 2N292 GE 3N31 GE
2N293 GE 3N32 Tl

duTs 1
2N296 Sy 3N33 Tl
2N297 C 3N34 Tl
2N299 LT 4JD1A17 GE
2N300 LT 4JD1B3 GE
2N301 RCA 4JD1134 GE

>5 7 I 2N301A RCA 4JD4A2 GE
2N306 Sy 4JD4A3 GE

day; I 
95 jl 2N307 Sy, TS 4JD4A4 GE

2N308 Tl 4JD4A5 GE
lOnth' I

2N309 Tl 4JD5A1 GE
2N310 Tl 8D/2N43 Sp
2N311 GT 8E/2N44 Sp

r5.00 I 2N312
2N313

GT
GE

8F/2N45 Sp 
8G Sp

days I
2N314 GE 903/2N117, 2N332
2N315 GT 904/2N118, 2N333

— 1 2N316 GT 904A/2N118A,

2N317 GT 2N334 Tl
2N318 GT 905/2N119, 2N335

I 2N319 GE 910/2N336 T
1 2N320 GE 925/3N26 T
1 2N321 GE 926/3N27 T
I 2N322 GE 951/2N339 T
1 2N323 GE 952/2N340 T

2N324 GE 953/2N341 T
2N325 Sy 970 Tl
2N326 Sy 10A Sp

I 2N327 Ra 10B Sp
2N328 Ra IOC Sp
2N329 Ra B114 Be

1 2N330 Ra CK751 Ra
I 2N332 Tl CK768 Ra

2N333 Tl CK870 Ra
I 2N334 Tl CK871 Ra
I 2N335 Tl CTP1117 C
I 2N336 Tl GA52829 WE
I 2N337 Tl GA52830 WE
I 2N338 Tl GA53080 WE

2N339 Tl GA53242 WE
I 2N340 Tl GÀ53149 WE
I 2N341 Tl GA53233 WE

2N342 Tl GA53270 WE
2N343 Tl GET3 GL
2N344/SB1O1 LT GET4 GL
2N345/SB102 LT GET5 GL

1 2N346/SB103 LT GET6 GL
I 2N?47 Bo GET7 GL

VOLUME PRODUCTION OF SUPERIOR CRYSTALS
rv

MN-21 
.715^.

M PROOIIBTIUMEEHEU A unique combination of

This battery of mechanized furnaces, developed by Motorola, produces 
crystals of extreme quality... in quantities necessary for Motorola’s mass 
production of transistors. Crystals are outstanding in uniformity of struc­
ture and characteristics—contributing to exceptional transistor performance.

improves quality...lowers cost of

MOTOROLA TRANSISTORS

solid-state knowledge and production skill enables Motorola to 
“productioneer” transistors and other semiconductor devices for 
extreme quality ... in quantity. This assures you a dependable supply of 
finest quality units... at the most competitive prices.

Advanced crystal growing techniques are only one example of Motorola’s 
excellence in semiconductor research, development and production.
For complete data concerning Motorola semiconductors... or for 
applications information, write, wire or phone Motorola, Inc., 
5005 E. McDowell Road, Phoenix, Arizona. BRidge 5-4411

CHALLENGING PROFESSIONAL
CAREER OPPORTUNITIES ARE AVAILABLE
. . . for experienced engineers and scientists with Motorola's 
rapidly expanding semiconductor team in the Valley of the 
Sun. For complete information write in confidence to Mr. 
V. Sorenson, Dept. 10, 5005 E. McDowell, Phoenix, Arizona.

Motorola
Quality Products 
Include : High-Rower HrghVohege Srheoe Rodio TV Medium-Rower 

Audio Tren*i»tor» Rower Tren»i»iort Rectifier» Tremhiort

CIRCLE 511 ON READER-SERVICE CARD FOR MORE INFORMATION
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INDEX (Cont.)

More power for its size 

than any other transistor

Honeywell 

Weld-Seal 

Transistors

More rugged, more compact, more flexible—spe­
cifically designed for the following applications:

• D.C. Power Converters— (shown at right)

• Amplifier for Servo Motors—for control motors 
or indicator motors

• Voltage Regulation

Where miniaturization is vital, yet high power 
is still required, Honeywell’s complete line of

Weld-Seal Transistors is your best answer.
Honeywell Weld-Seal Transistors combine 

smaller size per power output with greatest flexi­
bility and interchangeability.

They offer a narrow span of characteristics— 
along with superior electrical performance and high 
uniform power gain over a wide range of collector 
current values.

Honeywell Weld-Seal Transistors are hermeti­
cally sealed by welding—so you can build new 
ruggedness and durability into your equipment. 
You get long life along with outstanding per­
formance.

For complete information on the Honeywell 
transistor line, write or phone your nearest Honey­
well representative:

Honeywell Weld-Seal H6 Transistors make this 48-watt, 14 
ounce D. C. Power Converter more compact than any other.

Note these new specifications—developed with 

the design engineer in mind

H5 H6 H7
Input Resistance 24—48 ohms 27— 54 ohms 30— 60 ohms

Power Conductance 17.5—52 mhos 35—105 mhos 71 —213 mhos

Current Gain, Median 30 40 60

(At a collector current of 2 amps.)

The H6 and H7 Transistors are available for immediate delivery.

UNION, N.J. 
MUrdock 8-9000 
P.O. Box 161

CHICAGO
IRving 8-9266 
7350 N. Lincoln Ave.

MINNEAPOLIS 
FEderal 2-5225 
2749 4th Ave. So.

LOS ANGELES 
RAmond 3-6611 or 
PArkview 8-7311 
6620 Telegraph Rd.

Honeywell
BOSTON 
ALgonquin 4-8730 
1230 Sold ier Field Rd.

CIRCLE 512 ON READER-SERVICE CARD FOR MORE INFORMATION

GET8 GL OC45/2N140 Mu, Am 1
GET9 GL OC65/2N130 Am 1
GET10 GL OC66/2N131 Am 1 Draw
GET15 GL
GT1 BTH
GT2 BTH

OC70 Mu
OC71 Mu
OC72 Mu

The 
the N*

GT3 BTH OC73 Mu lead n
GT11 BTH OC76 Mu a tran
GT12 BTH OCP71 Mu produ
GT13 BTH PC6 Sp
GT14 GT RD316 Bo print, 

• 1
GT14H GT SB101/2N344 Sp I pencil

GT20 GT SB102/2N345 Sp I make
GT20H GT SB103/2N346 Sp I ing to
GT34 GT SB5122/2N240 Sp I the d
GT34HV GT ST10 Tr pencil 

contra
GT34N GT
GT34S GT

ST11 Tr
STI 2 Tr

GT35/2N35 GT STI 3 Tr smear
GT74 GT ST30 Tr called
GT75 GT ST31 Tr differ«
GT81H GT
GT81 GT

ST32 Tr
ST33 Tr 24 co

GT81HS GT ST40 Tr its col

GT82 GT ST41 Tr of thi
GT83 GT ST42 Tr guish
GT87 GT T0031 LT 1 ferenl
GT88 GT 
GT109/2N109 GT

T0033 LT
Tl 164 LT

1 ters 1

J-GT122 GT TJ1 IS
GT123 GT TJ2 IS Hack
GT153 GT TJ3 IS
GT167 GT TPI IS 1 CI1
GT210H GT
GT222 GT
GT229 GT
GT269 GT
GT758 GT

TP2 IS 
TSI IS 
TS2 IS 
TS3 IS 
TS176/2N242 TS I

GT759 GT TS612/2N378 TS
GT759R GT TS613/2N379 TS
GT760 GT TS614/2N380 TS
GT760R GT TS615/2N44 TS
GT761 GT TS616/2N381 TS

I De

GT761R GT TS617/2N382 TS I oiler
GT762R GT TS618/2N383 TS 1ill
GT762 GT TS619 TS 1 in IkGT763 GT TS620/2N64 TS

1 “1GT764 GT TS621/2N65 TS
GT792 GT V6-R2 PYE

1 diHic

GT903 GT V6-R4 PYE 1 • flit
GT904 GT V6-R8 PYE 1 both
GT905 GT
GT947 GT
GT948 GT

V10-15A PYE
VI0-30 PYE
V10-50B PYE

lie

1 t Jis

GT949 GT V15-10P PYE ■ pm\
H38 MH V15-20P PYE 1' I'"1
H4A MH V15-30P PYE 1 P"in
H5 MH
H6 MH

V30-10P PYE
V30-20P PYE

I ,p(1t

H7 MH V30-30P PYE
1 tnm

H10 MH X30A Bo 1 "

MN13A Mo X31A Bo 1 p.

MN13B Mo X32A Bo 1 Jo

MN13C Mo XI10 Be 1

MN21 Mo X113 Be
XI19 Be

1 ^IK

MN24 Mo
MN25 Mo XI33 Be

XI34 Be 1 C
MN26 Mo XI37 Be
MN28 Mo
MN29 Mo
OC44/2N139 Mu, Am

X140 Be
X145 Be
XD5081/XD5082 Wh
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I Color Drafting Pencils

I Draw ’ermanent or Temporary Lines

I Th< first of these pencils is called 
I the N< .»-Print. Its translucent, colored 
I |cad n kes a line that drops out when 
■ a trail" ucent original or master is re- 
I produc'd by processes such as blue- 
I print, »rownprint, and Ozalid. The 
I pencil provides freedom to sketch and 
■ make notes on drawings without hav- 
I ing to w orry about cleaning up before 
I rhe drawings are reproduced. The 
I pencil has a fine point and supplies a 
I contrasting color that will not fade or 
I smear The function of another model, 
I called the Lumochrom, is entirely 
I different. The 1 mmochrom comes in 
124 colors, including white, and all of 
I ts colors reproduce perfectly. Because 
I of this it enables draftsmen to distin- 
■ guish quickly between numerous dif- 
I ferent elements shown on their inas- 
I ters by means of their color contrast. 
I J. S. Staedtler, Inc., Dept. ED. 
I Hackensack, N.J.

I CIRCLE 136 ON READER-SERVICE CARD

INSURING RF SIGNAL 
RECEPTION AND 
TRANSMISSION IN THE 
LOCKHEED X-17 TEST MISSILE

The Rheem REL-09 Miniature RF Power 
Amplifier has been used in the X-17 test 
missile since the inception of the project. 

The REL-09 provides power amplifica­
tion over the 215-235 me telemetering 
band. With 1.4 watts input drive, it will 
deliver an 11-watt output to a 52-ohm 
load. Grid and plate tuning controls are 
accessible from the front plate. Auto­
matic protection is provided against 
damage resulting from loss of drive or 
plate power. Power leads contain 84-db 
attenuation filters. No cooling or shock 
mounting is required.

For further information, write direct to Rheem 
or contact your area sales representative:

Pen-Size Oller

For Exact Lubrication

Designed like a fountain pen, this 
oiler delivers exact amounts of oil as 
small as a fraction of a drop. It operates 
in holes up to 7/8 in. in depth and 
other out-of-the-way places ordinarily 
difficult to reach. The oiler can be used 
either vertically or horizontally for 
both holes and surface application. 
The oil supply is clearly visible in the 
transparent reservoir, and one filling 
provides a supply for long periods. In 
operation, the spring controlled steel 
point of the unit is pressed against the 
spot to be oiled, then released. A frac­
tion of a drop is thus automatically 
ejected, and if more is required, re­
peated pressing will deliver the exact 
amount.

Dill Mfg. Co., Dept. ED, 700 E. 
St., Cleveland, Ohio.
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North Central
Sam Robbins, Inc.
230 East 1st Street, Flint 2, Michigan
Florida
Arthur H. Lynch & Associates
P.O. Box 466, Fort Myers, Florida
New England and New York State
Electronics Associates, Inc.
200 5th Street, Stamford, Conn.
Central East Coast
F. R. Jodon, Inc.
R51O Beech Tree Road. Washington 14. D.C.
Southwest, Rockies and State of Washington
George E. Harris & Co., Inc.
3241 East Douglas, Wichita 8. Kansas

ELECTRONICS DIVISION 
RHEEM MAHUFACTURIMG COMPAHY
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THE LOCKHEED X-17 TEST MISSILE 
The X-17 provides information on the 
problems which arise when the war­
head of a ballistic missile re-enters the 
earth’s atmosphere at high speed.

7777 Industry Avenue, Rivera, (’alifornia
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An outstanding advance in MINIATURIZATION 
without sacrifice of performance or precision.

ELECTRONIC DESIGN • July 15, 1957

The Super-Clad thermocouple is said to generate 
greater electrical output than standard thermo­
couples. The unit, which is interchangeable on all 
standard pilots, is designed to eliminate service calls 
caused by pilot outages and to insure positive hold­
ing action. Improved thermo-electric alloys are used 
to gain increased voltage output. The plating pro­
tects the copper from heat and prevents oxidation 
The unit has 24 cooling fins to create a greater tern 
perature differential. Tin plating on the contact end 
provides good electrical conduction.

Robertshaw-Fulton Controls Co., Dept. ED. 
Grayson Controls Div., Long Beach 5, Calif.

Transformation ratio: 1.000+.001 
Phase shift: 0"±3* 

Functional accuracy: 0.1% 
Input impedance: over 8 megohms 

Frequency: 400 c.p.s.+ 5% 
Max. amplitude: 14 V. r.m.s. 

Temp, range: —55° C. to 80° C. 
Power requirements: 

30 V. d.c. @ 6 ma. per amplifier

Provides continuous 360° check on resolver 
functional accuracy, and yields permanent 
record of result*.

easi 
iron

Speedy Marx, aluminum foil wire markers, are 
furnished on quick-release dispensing cards which 
have been precut for easy handling, and can be 
applied instantly without tools. Flexible aluminum 
markers offer users double sticking action. A ther­
mosetting adhesive retains its bonding action up to 
temperatures of 350 F, and the mechanical action oi 
the aluminum as it wraps around wiring will remain 
unaffected by solvents, grease or coolants. Large 
diameter wire and cable, or pipe and tube, can be 
coded with aluminum markers. A transparent plas­
tic coating is applied to marker surfaces after im­
printing to protect symbols against abrasions, water 
or dirt. Two sizes are available: 1-1/2 in. markers 
for wires over 1/4 in. OD, 3/4 in. markers for wires 
under 1/4 in. OD. Special sizes, shapes and olors 
can also be furnished.

North Shore Nameplate, Inc., Dept., 214-2/ 
Northern Blvd., Bayside 61, N.Y.
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Shown FULL SIZE in the illustration above, this latest Reeves achievement in 
miniaturization for airborne applications takes up a fraction of the space occupied 
by a conventional resolver with external boosters. Yet performance, accuracy and 
dependability are in every way equivalent or better.

The new Reeves Combination Resolver-Booster consists of the time-proven R151 
Precision Resolver with two PLUG-IN TRANSISTORIZED BOOSTER AMPLIFIERS built 
onto it as shown. The amplifiers provide standardization for transformation ratio 
and phase shift over a wide range of temperatures. Specifications given are 
maintained for production units without culling. Additional data on request.

Wire Markers 

Aluminum Foil

REEVES INSTRUMENT CORPORATION
A SUBSIDIARY OF DYNAMICS CORP. OF AMERICA, 223 EAST 91st ST. NEW YORK 28, N. V. 
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of our laboratories. It contains basic units and conversion
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m he nenes ¡ne.

Pulling Elbow

For Corner Wiring

put
The Pulling Elbow permits easy wiring. Wires

are slipped straight through conduit and out one
hub. A big loop of wires is made and again
pushed through hub and conduit. The wires are 
pulled out from the other end of system. The cover
attaches quickly with big screws and will open
easily. The Elbow is made of top quality malleable
iron with heavy cadmium plated finish. Full neo-
prene gaskets and large cover screws designed to
fit snugly in opposed corners without protruding
inside. In addition, the cover is domed for greater
rigidity and provides more wire area inside elbow.
Smooth ground surfaces provide better cover and
gasket seal. Hubs have precision tapered pipe
threads and are positioned exactly 90 deg from
center. The smooth inside surfaces eliminate the
possibility of skinning insulation on wire when it is
pulled through electrical system.

Ideal-Simplet Fittings, Inc., Dept. ED, 5098 Park
Ave., Sycamore, Ill.

Sweeping Oscillator

Sweeps I-F s to 280 Mc

A broadband sweeping oscillator with six switched
bands, the Rada-Sweep Sr. has 24 precise crystal
markers set at customer specified frequencies. Cen­
ter frequencies are from 1 to 260 mc. The instru-
ment is designed and built for sweeping radar i-f
units up to 280 mc.Rf output: 0.5 v rms into nominal
'0 or 50 ohms. Higher for lower frequency units.
Output held constant to within ±0.5 db over widest
sweep by age circuit. Attenuators: switched 20 db,
10 db, 2 db plus continuously variable 6 db. A true
zero base line produced on the oscilloscope during
retrace time. Sweep output: sawtooth synchronized
with sweeping oscillator.

Kay Electric Co., Dept. ED, 14 Maple Ave., Pine
Brook, N.J.
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KEEP UP-TO-DATE ON MAGNETICS

Here s the first design manual
for your work with tape wound cores

Because engineers have expanded high permeability mag­
netics into a host of new uses, Magnetics, Inc. has combined 
its new tape wound core catalog with the industry’s first 
design manual. If you and your staff need a working 
familiarity with magnetic equations, characteristics and 
terminology, this 28-page book will be of unusual value.

This design manual has been compiled under the direction 

factors, methods of testing (dynamic, EI loop and d-c), 
properties and magnetic values of nickel-iron alloys, and 
many pages of curves showing the variation of magnetic 
properties with temperature and of core loss with frequency.

This fact-packed catalog and design manual also describes 
in detail the tape wound cores and bobbin cores which we 
manufacture. It will enable you to design around and 
specify the industry s only Performance-Guaranteed Tape
Wound Cores. Should your engineering departments feel 
that more than one copy would be of value, please write 
for TWC-200 on company letterhead, giving full names and
titles, magnetics, Inc., Dept. EDAO, Sutler, Pa.WWW“
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held to lower limits than ever before I

specifications above the carefully
controlled assay, within plus or minus
0.25% and the remarkably low

mer

Typical of B&A’s special line of ex­
tremely pure “Electronic Grade” chem­
icals is its Hydrofluoric Acid. Note the

Fluosilicic Acid (H2SiF6)
Residue after Ignition
Chloride (Cl) ..........
Phosphate (PO4) .......
Sulfate (SO4) . -...._...
Sulfite ISO3) .............
Arsenic (As) ................
Copper (Cu)...............
Heavy Metals (as Pb) 
iron (Fe).......................
Nickel (Ni) ._........ .......

Write for free folder! Contains informa­
tion on electronic chemicals for semi­
conductors, tubes, printed circuits; sul­
fur hexafluoride for gaseous insulation; 
selenium metals and selenides; metallic 
compounds for ferrite production. Lists 
exact specifications for “Electronic 
Grade” small package chemicals. Write 
for your copy today!

Philadelphia • Pittsburgh
Chicago • Cleveland (Miss.) • Cleveland (Oh>o) • Denver

GENERAL CHEMICAL DIVISION
ALLIED CHEMICAL & DYE CORPORATION 

40 Rector Street, New York 6, N Y

Baker & Adamson®
’’Electronic Grade”Chemicals

products to meet their most stringent 
requirements.

Now available are the following 
B& A “Electronic Grade” chemicals;

Providence • San Francisco
• Vancouver

ELECTRONIC DESIGN • July 15, 1957

For semiconductors (small packages):
Acetone
Acid Hydrofluoric, 48%
Alcohol Methyl, Absolute (Methanol)

Acetone Free
Alcohol Propyl, Iso
Carbon Tetrachloride
Ether, Anhydrous
Hydrogen Peroxide, 3%
Hydrogen Peroxide, 30%
Hydrogen Peroxide, 30% “Stabilized”
Sodium Carbonate, Monohydrate
Trichloroethylene

limits on metallic and other undesirable 
impurities.

With products such as this, Baker 
& Adamson serves the needs of the elec­
tronic industry for chemicals of a new 
order of purity. And as the country’s 
leading producer of laboratory and 
scientific chemicals, it is geared to work 
closely with the industry’s engineers 
and chemists in developing other

suite 
is pc 
reme 
fune

A permanent-magnet synchronous motor with 
guaranteed torque of 30 oz-in. at 1 rpm and 60 cps 
is designed for a variety of timing applications. 
Basic features include: total enclosure to seal out 
dust, dirt and other breakdown materials; a con­
trolled lubrication system; and the ability to oper­
ate in any position. Botor speed of 450 rpm makes 
it possible to reduce the gear train and insure 
quieter operation and durability. The inductor 
motor is available with output shaft speeds from 
1 to 60 rpm, for 120 and 240 v operation at 50 and 
60 cps. Models for either clockwise or counter­
clockwise rotation can be supplied.

Haydon Mfg. Co., Dept. ED, 245 E. Elm St., Tor­
rington, Conn.
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0.05 %
0.001 %
0.0005 %
0.0003 %
0.0005 %
0.001 %
0.000005%
0.00005 %
0.0001 %
0.0001 %
0.00005 %

M. W. 20.01
Meets A.C.S. Specifications

Offices Albany • Atlanta • Baltimore • Birmingham • Boston • Bridgeport • Buffalo • Charlotte • 
Detroit • Houston • Jacksonville • Kalamazoo • Ix>s Angeles • Milwaukee • Minneapolis • New York

Inductor Timing Motor 

30 Oz-ln. at 1 Rpm

Seattle • St Ix>uis • Yakima (Wash.) In Canada: The Nichols Chemical Company, Limited • Montreal • Toronto 
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For radio receiving, black and white TV 
tubes (available in bulk):

Aluminum Nitrate, Crystal and Basic
Barium Acetate
Barium Nitrate
Calcium Nitrate, Tetrahydrate
Strontium Nitrate

Other special purity chemicals can be 
custom-made to meet your needs.

Deltaply 165 subminiature capacitors operate re­
liably over the temperature range —65 C to + 165 
C. As an example of the size, a 1.0 mfd., 200 v unit 
requires 3.8 cubic inches. The same unit in teflon 
requires 6.4 cubic inches. Capacitance change over 
the full temperature range will amount to less than 
9 per cent. Insulation resistance in megohms x mi­
crofarads varies from 200.000 at 250 C. The self­
healing, metallized, plastic film provides unusually 
long life at 165 C with no voltage derating. Capaci­
tance values from .001 to 10.0 mfd., may be ob­
tained in hermetically sealed metal tubes or double­
lock seal tubular cans. The smaller sizes are also 
available uncased. Standard voltage ratings are 200, 
400 and 600.

Dearborn Electronics Labs., Dept. ED, 1421 N. 
Wells St., Chicago 10, Ill.
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Subminiature Capacitors 

High Temperature

BRADE X



TRANSISTORIZED
REGULATED POWER S
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30 BOULEVARD. KENILWORTH. NEW JERSEY
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12.10­
12.08­
12.06­
12.04
12.02

11.98
11.96
11.94
11.92
11.90

Speed/Torque Unit 

1-6 Output Speeds

WITH 
ZERO LINE 
TRANSIENT

1 KVA Voltage 
Regulator 

Magnetic Type

Transistor Devices, Inc brings to the design 
engineers a line of high performance, fully 
transistorized regulated power supplies. 
Units are all hermetically sealed and are 
available FROM STOCK in 0 to 30 volts range, 
These TDI power supplies also offer in­
stantaneous and non-microphonic operation.

ELEC RONIC DESIGN • July 15, 1957

The scope trace as shown indicates a 12V 
unit taken from stock and checked before 
shipping - the result as in all previous 
tests showed a zero line transient.

If you need compact reliable regulated 
power supplies — call on TDI for high 
performance at quantity production prices,

Compare these specifications
Model 12E200
Input 115 V ±10% 60 cycles
Output 12 V D.C adjustable ±10%
Load regulation 0 to .2 amps ±0.1% 
Line regulation 103.5 to 126.5 V ±0.2% 
Output impedance 1 ohm, 20 cycles to 10 KC. 
Ripple less than 1 millivolt 
Transient for 50% load steo 0.4%
Load transient recovery time 200 microseconds 
Transient for 10% line step 0.0%H!
Instant operation
Non microphonic
Hermetically seated
Only 27A x 3 x inches 
Available models for other outputs 
For informative literature write . . . . .

Type TM7101 has an accuracy o£ 1 v band for 
line \oltage variations and/or load magnitude or 
power factor changes. Load is rated at 1 kva. Input 
is 95 to 135 v, single phase, 60 cps, and output is 
115 v nominal, adjustable from 110 to 120 v. It is 
suited for applications where little or no attention 
is possible, such as microwave relay stations and 
remote installations, where a tube or transistor mal­
function and replacement can be costly or not im­
mediately possible.

Cabinet model is a self-contained portable as­
sembly that can be carried to laboratory test ap­
paratus or factory operation.

The Superior Electric Co., Dept. ED, 83 Laurel 
St., Bristol, Conn.

The new Servo-Speed/Torque-Unit, an experi­
mental gear set, may be used with the manufac­
turer’s Servo-Kit and other servo equipment. A 
complete set of change gears is supplied which en­
ables the user to select any one of six output speed 
md torque values. There are two models, one for 
each of the two Barcol motors which are supplied 
with the Servo-Kit. Provision is made for mounting 
a 3/8 in. bushing mount potentiometer, coupled 
directly to the output shaft. Mounting adapters can 
be furnished so that the units may be used with any 
1)1 the other popular makes and types of servo 
motors and transducers.

Ser o Systems Co., Dept. ED, 55 Meeker Ave., 
Newark 12, N.J.
-IRCLE 53 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

Radio Tower of Broadcast Station WMGM (50.000 watts)

by HYCON FILTERSanother problem solved

Bridging the Gap Between Science and Technology through Electronics'

Accurate phase and 
frequency response 
for Single-Sideband

Compatible Single-Sideband Transmitter Adapter, 
developed by Kahn Research laboratories for Sta­
tion WMGM, uses Hycon Filter Model 100 KUC

Equipment Mount

Temperature Resistant

Transistor Clip

Beryllium Copper

Resolver

1.062 In. Diam

This mounting features load capacitance above 
60 lb, temperature resistance from — 80 to -|-250 F, 
vibration isolation in severe operating conditions. 
The Temproof mounting is designed to meet the 
requirement of MIL-C-172B and is self damping in 
its resonant range. Mountings support loads in 
either the upward or downward direction.

Lord Manufacturing Co., Dept. ED, Erie, Pa.
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The first domestic broadcast installation 
of the Compatible Single-Sideband Modulation 
Method has recently been completed by Broad­
cast Station WMGM of New York City on an 
experimental basis. Advantages of this system 
are improved fidelity, improved range in the 
presence of co-channel interference, resistance

Manufacturers of: Crystal Filters, Ultra Stable Oscillators, and Magnetic Tape indexing and Search Units 
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75 Cambridge Parkway Dept. F-7 Cambridge 42, Mass. 

Affiliated with HYCON MFG. COMPANY, Pasadena, California

Hycon Filter Model 100 KUC 
Shown size

ELECTRONIC DESIGN » July 15, 1957

to fading and reduction in spectrum space. 
Because of their ability to meet the stringent 
requirements for the SSB frequency selective 
networks, Hycon Filters were chosen for this 
installation by Kahn Research Laboratories, 
designers of the CSSB Transmitter Adapter.

Whether your selectivity problems are in 
transmission or reception, AM or FM, mobile 
or fixed equipment, Hycon quartz crystal Filters 
offer you these advantages: LOW COST — 
standard models; LOW DISTORTION—pass­
band uniformity within ±Vi db; HIGH STA­
BILITY — inherent in crystal resonators, also 
freedom from microphonic behavior; ZERO 
MAINTENANCE — hermetically sealed, re­
quiring no realignment or readjustment. Hycon 
Eastern, Inc. can assist you in the selection of 
filter characteristics best suited to your needs. 
Write for Crystal Filter Bulletin.

ELECTRICAL SPECIFICATIONS (Model 100 KUC)
Carrier Frequency: 100 KC

Attenuation at carrier +300 cps: 2 db maximum
Attenuation at carrier + 6000 cps: 2 db maximum
Attenuation at carrier — 300 cps: 60 db minimum

Insertion Loss: 10 db maximum
Passband Response Variation: ± yA db
Impedance: 8200 ohms
Dimensions: 5%"x3''x2%

ALSO AVAILABLE: Model 100 KLC—Lower Sideband
Model 100 KPA—Carrier Selection

This transistor clip is designed to retain all popu­
larly used transistors under conditions of severe 
acceleration, deceleration, shock and vibration. 
Made from tempered beryllium copper, the transis­
tor clip performs a dual function of retention and 
heat dissipation. Offered in a choice of cadmium, 
black ebanol or silver plate, clips are available in 
many sizes and modifications.

The Birtcher Corp., Dept. ED, 4371 Valley Blvd., 
Los Angeles 32, Calif.
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Measuring 1.062 in. diam, size 11 resolvers are 
offered with a functional accuracy of better than 
0.1 per cent. Compensated units are provided for use 
in systems performing over a wide temperature 
range. Both compensated and uncompensated re­
solvers are available in a range of 400 to 16 cps 
models.

Reeves Instrument Corp., Dept. ED, 207 E. 91st 
St., New York 28, N.Y.
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motors, DC motors, servo mech-

tachometer generators, actuators,
motor driven blower and fan

solvers.
Contact Mr. Zelazo, Director of Research, in confidence.
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Radiation, Inc., Dept. ED, P.O. Box 37, Mel­
bourne, Fla.

Thermistors

MANUFACTURING COMPANY

Avionic Division
Racine, Wisconsin

Servo Motors Foi

Bolometers and
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Two broadband disc bolometers for coaxial de-
tectors, Models N603 and N603-4.5, covering the
frequency range of from 500 to 10,000 mc, and a
broadband disc thermistor, Model N335, covering
the same frequency range, have been developed.
The Model 603 bolometers consist of two 100-ohm
Wollaston wire bolometer elements mounted on a
mica disc. The mica discs incorporate the rf bypass
capacitor for the ungrounded end of the bolometer
as well as a blocking capacitor at the central junc­
tion between the 100-ohm elements. This provides
rf contact to the transmission line center conductor
while blocking the bias current. The elements are
in series to present a 200-ohm resistance to the ex­
ternal de or af bias circuits and are arranged to be
in parallel in the rf transmission line, thus acting as
a 50-ohm termination.

The Model N335 thermistor is specifically de-
signed for use with the Model 561 coaxial bolometer
mount for microwave power measurements. The
thermistor is used with microwave power meters ca-
pable of supplying the necessary 12 to 15 ma bias to
measure power levels from 0.01 to 10 mw. Because
of the long time constant, approximately 1 sec, the
thermistor is particularly suited to measurement of
pulsed signals. It is not susceptible to burnout, but
in any case is readily replaceable and does not re-
quire tuning.

The Narda Corp., Dept. ED, 160 Herricks Rd
Mineola, N.Y.

RF Preamplifier

35 and 50 Db Gain

Model 1 provides a gain of 35 db at band center
and Model 2 provides 50 db, both with a maximum
noise figure of 3.5 db. Frequency response is within
3 db over the band of 215-247 mc. The unit occu-
Pæs a volume of 1/3 cu ft and weighs less than
3-1/2 lb.

CIRCLI 161 ON READER-SERVICE CARD FOR MORE INFORMATION
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—65°C to + 125°C temperature range.

____ Z____ Z1 SIZE 8 SIZE 10 SIZE 11 1 SIZE 15 SIZE 18
Oster Type 8-5001-00 10-5052-00 11-5101-00 15-5153-00 18 5201-00
Electrical Characteristics 1

Frequency (cps) | 400 400 4)0 400 400
Torque at Stall (oz. in.) | .15 .30 .63 1.45 2.35
No Load Speed (rpm) | 6500 6500 6500 5200 5200
Speed at Half Torque (rpm) | 4000 4000 4000 3200 3200
Time Constant (sec) | 0.03 0.015 0.016 0.017 0.013
Reversing Time (sec) 0.051 0.025 0.028 0.030 0.022
Theo Acceleration at Stall (rad sec’) 22500 45000 41500 31000 40000
Operating Temp Range (°C.) I-54 to 4-125 -54 to +125 -54 to+125 -54 to +125 -54 to +125
Slot Effect 1.6v26v 1.0v/36v 1.0v/40v 1.0v/40v 1.0v/40v
Duty Cycle | Cont. Cont. Cont. Cont. Cont. i

I Fixed Phase 1
Voltage 26 115 115 115 115
R (Stall) Ohms 196 1270 1250 490 280
X (Stall) Ohms J 183 1560 1780 890 570
I (Stall) Ohms 268 2210 2175 1030 640
PF (Stall) 0.73 0.57 058 0.49 0.45
Effective R (Stall) Ohms 366 3840 3800 2160 1460
Parallel Tuning cond for unity P F (Stall) Mfd 1.0 0.13 0.15 0.33 0.55

1 Control Phase 1
Voltage 40/20 40/20 40/20 40/20 40/20

•R (Stall) Ohms 480 124 145 58 39
•X (Stall) Ohms 445 215 204 103 77
*Z (Stall) Ohms 660 248 250 118 86
•P F (Stall) 0.73 050 0.58 0.49 0.45
•Effective R (Stall) Ohms 910 495 430 240 190
•Parallel Tuning cond. for unity P F (Stall) Mfd 04 1.4 1.3 2.9 4.1

j Mechanical Characteristics

Rotor Inertia (gm cm’) .47 .47 1.07 3.3 4.0
Weight (oz.) 1.2 2 4.5 8 14
Mounting Type Synchro Synchro Synchro Synchro Synchro
Motor Length .863 .672 1.703 1.625 2.03
Type Shaft Pinion Pinion Plain Plain Plain
Shaft Extension j .375 .218 .437 .540 .540
Outside Diameter 1 .750 .937 1.062 1.437 1.750

1 ype Connection Leads Terminals Terminals Terminals Terminals

This complete line can be varied by Oster specialists to your precise requirement. Write 
today for further information, enclosing detailed data on your needs.

Other products include motor­
gear-trains, synchros, AC drive

anism assemblies, motor tachs,
servo torque units, reference and

assemblies and fast response re­
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Your Rotating Equipment Specialist

Engineers For Advanced Projects:
Interesting, varied work on designing transistor circuits and servo mechanisms.
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Sylvania.. .your only source for 
both semiconductor materials

If you need materials for transistors, diodes, 
or other semiconductor devices ... Sylvania is 
your only dependable source of both germa­
nium and silicon.

The following forms of Sylvania germanium 
products are available; spectrographically pure 
germanium dioxide; poly crystalline as-reduced 
ingots; polycrystalline purified ingots; and 
undoped single crystals. All Sylvania germa­
nium is n-type, and—in the purified ingot or 
single crystal form—has a resistivity greater 
than 40 ohm cm.

Diode and transistor manufacturers report 
that Sylvania germanium makes it possible 
for them to use the same doping schedule from 
shipment to shipment. They report higher 
yield in the growth of doped single crystals.

For growing doped crystals horizontally, 
Sylvania germanium ingots are purified in five 
standard shapes, or to your specification. Cut 
pieces, which require no further cutting or 
etching, are supplied to fit your crucible for 
vertical crystal growing.

Sylvania silicon is available in the form of 
poly cry stalline stalagmitic rod; average den­
sity is 2.2 g/cc. The standard diameter for 
stalagmitic rod is 1in., and it is available in 
pieces or crucible charges to your specification.

If you have special requirements, our en­
gineering department will gladly consult with 
you. Send for technical literature on Sylvania 
germanium and silicon. Write to:

Sylvania Electric Products Inc.
Tungsten and Chemical Div., Towanda, Penn.

TUNGSTEN • MOLYBDENUM • CHEMICALS • PHOSPHORS • SEMICONDUCTORS

r SYLVANIA
LIGHTING RADIO ELECTRONICS TELEVISION ATOMIC ENERGY
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Electromechanical Counter
300 Million Counts

A life of 300 million counts, count rate up to 60 
per sec, either electrical reset or manual reset by a 
single-stroke push bar, and switch readout circuitry 
are features of an electro-mechanical counter. The 
unit adds, subtracts, and totalizes. If add and sub­
tract pulses are received simultaneously, a zero 
count results. It is not necessary to have any specific 
sequence of add or subtract impulses, nor will the 
counter jam from an incomplete pulse. The totalizer 
will operate best with a counting—pulse ratio of 50 
per cent on, 50 per cent off. While a square wave 
pattern for the pulse shapes is best, the totalizer 
will handle a wide variety of pulse shapes provid­
ing the leading edge of the wave is reasonably steep.

Autron Engineering, Dept. ED, 1254 W. Sixth 
St., Los Angeles 17, Calif.
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Sampling Switch
High Speed

A precision switch having radial terminals de­
signed for military and commercial applications is 
available with one or two poles and up to 120 short­
ing channels or 60 non-shorting channels per pole. 
The switch is easily adapted to a variety of motor 
drives. It is equipped with a precision machined
ball bearing output shaft, constant force perma 
brushes and lifetime semi-molded contact plates 
for long service free life. Approximate dimensions 
are 2.620 in. diam x 1.332 in. length plus hub exten­
sion 3/4 in. diam by 1/2 in. length and shaft 1/4 in. 
diam by 3/4 in. length. Applications include special 
oscilloscope displays, error indicating systems, and 
multichannels data systems.

General Devices, Inc., Dept. ED, P. O. Box 253, 
Princeton, N.J.
CIRCLE 166 ON READER-SERVICE CARD FOR MORE INFORMATION
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VHF Directional Antenna

Gain of 23 Db

Use high-quality, dependable

BROWN COMPONENTS
in your measuring circuits and servo loops

>60 
>y a 
itrv 
The 
iut­
iero 
?ific 
the 
izer 
F 50 
ave 
izer 
nd- 
jep. 
ixth

For 100 to 500 me use, this directional antenna 
uis a low vswr at any frequency in the band, ac- 
•omplished through a rear adjusting balun and 
eflector assembly. The model CF-121M is a 12 ft. 
liam. antenna and utilizes a dipole exciter. Gain is 
’3 db or better at 500 me, with minimum side lobes 
.md cross polarization of 20 db or better. The 
mtenna is of lightweight, all-aluminum mesh con­
struction, fully weatherized and corrosive resistant. 
It is available in both the 12 ft. diam model CF- 
121M, and a 14 ft. diam model CF-141M.

Ainslie Corp., Dept. ED, 312 Quincy Ave., 
Quincy, Mass.

CIRCLE 129 ON READER-SERVICE CARD FOR MORE INFORMATION

X-Band Stabilization 
System

High Short-Term Stability
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hi combination with the VA-201B Klystron, the 
B.A-128OB Stalo Cavity achieves a short term fre­
quency stability of better than one part in a billion. 
The stabilization factor of the cavity is completely 
independent of the oscillator fluctuations or external 
disturbances. According to the manufacturer, this 
feature provides an advantage over stabilization 
systems utilizing the feedback principle. The elimi­
nation of all electronic components except the klys­
tron oscillator provides reliability and longer life. 
The cavity tunes over the range of 8200 to 10,000 
me, depending on the klystron used. A method is 
ntilized to suppress all undesired modes within this 
range.

Parian Assoc., Dept. ED, 611 Hansen Way, Palo 
Alto, C dif.

CIRCLE 1’0 ON READER-SERVICE CARD FOR MORE INFORMATION

CONVERTERS—Handle d-c signals as small as 10-8 volt. SPDT 
switching action. Sensitive, stable performance. Ideal for com­
puters, servomechanisms, balancing circuits. Available with 
special features such as fungus proofing, grounded housing, 
mica-filled base, various contact percentages. Weight: 10 ounces. 
Driving coils in 60, 40 and 25 cycle converters are energized by 
6.3 volt a-c. 400 cycle uses 18 volts. Other coil ratings as follows:

Write for Specification S900-2.

Converter 
Type Impedance

D-C 
Resistance

Power 
Consumption

Current 
Drain

60 cycle 125 ohm 1 1 0 ohm .3 watts .05 amps

25 and 40 
cycle types 65 ohm 55 ohm .60 watts .10 amps

400 cycle 191 ohm 11 0 ohm 1.7 watts .094 amps400 cycle 191 ohm 11 0 ohm 1.7 watts .094 amps

LI nt
___ J

For additional details, call your nearby Honeywell 
sales engineer. He’s as near as your phone.

Minneapolis-Honeywell Regulator Co., Indus­
trial Division, Wayne and Windrim Avenues, Phila­
delphia 44, Pa.—in Canada, Toronto 17, Ontario.

INPUT TRANSFORMERS—Handle low-frequency a-c, or chopper- 
modulated d-c signals from .005 to 200 millivolts, such as gener­
ated by thermocouples or other transducers. Designed with 
highly efficient shielding. Measure 1 in diameter, high.

Write for Specification S900-1.

Choose from three models 355567-1 356326 35567-2

Primary 
(center­
tapped)

turns (’/z primary) 
Resistance (approx.) 
60 cps impedance 
Impedance, full pri.

600
30 ohms 

1,300 ohms 
5,200 ohms

1,094
450 ohms

7,500 ohms
30,000 ohms

3,400
750 ohms 

30,000 ohms 
1 20,000 ohms

Secondary turns
Resistance (approx.)
Capacity to tune to 

60 cycles

9,600
2,500 ohms

.015 mfd.

17,500
5,800 ohms

.001 mfd.

12,000 
3,400 ohms

.003 mfd.

Weight 5.7 oz.
1 7.1 oz.

6 oz.

ELECTR-O-VANE CONTROL UNIT —A torque of 2 gram-inches or 
less actuates this precision switch. Use it as a limit switch to 
operate valves, lights or hopper openings, in response to motion 
of weighing beams or other members. Use it to sense other 
mechanical movements—to operate protective devices when a 
diaphragm is bulged or near rupture, for example.

Torque to move vane . 2 gram-inches max. 
Vane motion for snap action . . 0.003 in. 
Precision............................. within 0.002 in.
Switch action . SPDT, when vane center- 

SPECIFICATIONS T , , «ne approx. 41» left of vertical
Load relay rating . 115 volts, 6 amp. a-c, 

non-inductive load
Operating power . 115 volts, 50-60 cycles; 

also 230 volt model
Write for Specification S800-1.

Honeywell
uU

HONtYWiU
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New Products
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P&B RELAYS AUTOMATE

Lockheed Electra Wings

tSMCMHI

Potter 8- Bwnftdd
CIRCLE 172 ON READER-SERVICE CARD FOR MORE INFORMATION

P&B Standard Relays are available at your local 
electronic, electrical and refrigeration distributors

THIS GIANT RIVETER for new

To automate airframe construc­
tion, General Riveters, Inc., de­
signed this giant wing riveter. It 
clamps the work, drills, feeds and 
drives the rivets automatically. .. 
has increased production by as 
much as 400%, yet requires only 
a single operator.

PRINCETON, INDIANA Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H.

ENGINEERING DATA GA SERIES RELAY 
Multiple Leaf AC or DC

This new automatic riveter will be used to make wings for 
the new Lockheed Electra, a prop-jet luxury liner, as well 
as many other modern aircraft. The heart of this riveter is a 
relay circuit that “takes orders” from a pattern of holes 
punched in 35 mm film strips.

General Riveters, Inc. selected the GA Series P&B relay 
for the control circuits of this riveter because of its unusual 
dependability and versatility. In adapting this relay to a 
specific application, P&B’s engineers again demonstrated how 
25 years of creative engineering can pay off by providing a 
standard type or completely new relay to solve your particular 
problem. Write today for new compact catalog or engineer­
ing consultation.

ELECTRONIC DESIGN • July 15
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Air Dielectric Cable

Low Capacitance

DC Power Supply 

200 to 325 v, 0 to 100 ma

Continuously variable output from 200 to 325 v 
de for load currents of 0 to 100 ma can be obtained 
from the Model 3. Regulation is better than 1 per 
cent for loads of 0 to 100 ma and line voltage varia­
tions from 105 to 125 v. Ripple is less than 10 mv 
rms. Both positive and negative sides of the ouput 
are isolated from ground. Either side may be 
grounded or the output may be left floating. An iso­
lated output of 6.3 volts ac at 3 amp is available at 
the output terminal connections. Net weight is ap­
proximately 20 lb, and it measures 5 wide, 7 high, 
and 16 in. deep.

Associated Specialties Co., Dept. ED, 1751 Main 
St., Orefield, Pa.
CIRCLE 174 ON READER-SERVICE CARD FOR MORE INFORM JION

This Teflon-air dielectric coaxial cable has a nomi­
nal overall diameter of 0.22 in. The conductor is No 
30 AWG, 7/38 silver plated copperweld. A choice 
of outer jackets include Teflon, lacquered nylon 
braid, and Teflon or silicone impregnated glass 
braid. The low attenuation of the 10 ppf cable makes 
it useful for high frequency, low level applications 
and as a low capacitance probe. Capacitance values 
of less than 10 ppf, with somewhat larger overall di­
ameters are also available on request.

Flexibility is one of the features of the coaxial 
cable. Among the other characteristics are solder­
ability, light weight, small size, and ready adapta­
tion to a variety of connectors.

Tensolite Insulated Wire Co., Inc., Dept. ED, 198 
Main St., Tarrytown, N.Y.
CIRCLE 173 ON READER-SERVICE CARD FOR MORE INFORMATION

CONTACTS
Material: 3/u" fine silver (other contact materials can be 
furnished for specific applications)
Rating: 5 amp 115 V. 60c non-inductive load
Arrangements: 4 Form C Max., AC; 6 Form C Max., DC 
Breakdown: 1000 V. RMS between all elements

COIL
Resistance: 30,000 ohms max.
Power req'd: 6 W. max., 2 W. min. DC at 25’ C. ambient 
V range: DC to 110 V.; AC to 230 V.

DIMENSIONS, MAX.
1%" L. x 1VU* W. x 12%" H.

MOUNTING DATA
4 tapped *6-32 holes, .750" x .875" o.c. 1 tapped ¿8-32 
core

ENCLOSURES
Hermetically sealed, octal plug: 21^i" x 12!6:" x l25/fe"
Multiple solder header and miniature plug-in: 
x l2^"
Special container required for 6 Form C

TERMINALS
Contacts: two #16 AWG wires
Coil: two #20 AWG wires

See our catalog in Sweet's Product Design File I /
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Snap-In Vise

For Connectors

Westinghouse Electric Corporation
Benolite Plant
Manor, Pennsylvania

Please send free copy of Leadership Line Catalog.

Name________________________________________________

ELECTRONIC DESIGN • July 15, 1957
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Round connectors are securely held during sol­

dering operations by the Model V-3 Snap-in Vise. 
\ spring loaded jaw provides the necessary pres­
sure to hold the connector. Adjustment of the vise 
or any desired diameter may be done quickly. Once 

this adjustment is made, slight pressure on a lever 
engages or disengages the connector from the vise. 
This feature is especially useful in production as­
sembly where repetitive operations are carried out.

Jaws are covered with a tough non-skid cork and 
synthetic rubber compound which protects threaded 
portions from damage. The vise can be adjusted 
anywhere within an arc of 180 deg. Connectors up 
to 2 in. in diam. are tightly held in the vise. Screws 
are provided for easy mounting on a work bench 
or plywood base.

Western Electronic Prod. Co., Dept. ED, 655 
Colman St., Altadena, Calif.

CIRCLE 176 ON READER-SERVICE CARD FOR MORE INFORMATION
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Standard and Null 
Meter

Model 301
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This variable DC standard and null meter, Model 
301, utilizes a chopper stabilized circuit which con­
stantly compares the output with an internal stand­
ard cell to provide stability and accuracy. Direct­
reading, calibrated dials provide instant voltage 
selection. Power supply output voltage is 1 to 501 v 
at up to 20 ma. It has 4 decaded null meter ranges 
from 50 v to 501 mv full scale. The meter can also 
be used to read input voltage or the output voltage 
°f the supply. The unit features 0.01 per cent sta­
bility, 0.2 per cent accuracy, 0.022 per cent line and 
load regulation, less than 100 mv ripple, 0.2 msec 
response time, and less than 0.01 output impedance.

Kin Tel, Dept. ED, 5725 Kearny Villa Rd, San 
Diego, Calif.

CIRCLE 177 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 178 ON READER-SERVICE

HERE IT IS!
A Complete Westinghouse Leadership Line of Military- 
Approved Insulating and Fungicidal Varnishes for 
Original Equipment Manufacturers and Repair Shops.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1
MIL-V-1137 A—INSULATING

1
GRADE TYPE MILITARY DESIGNATION

1

B-161
B-163-N 
B-166-1 
B-222-N
B-340-N
B-451-N

♦Also ap

Clear Baking 
Clear Baking
Clear Baking 
Clear Air Drying 
Black Baking
Black Air Drying 

sroved for Type AN

Grade CB, Type M 
Grade CB, Type M* 

Grade CB, Type M 
Grade CA, Type M* 
Grade BB, Type M* 

Grade BA, Type M

MIL-V-173 A—FUNGICIDAL

B-219-F
B-220-F

Clear Air Drying 
Clear Air Drying

Type II 
Typel

YOU CAN BE SURE.».IF it's
ffWw 1

Westinghouse

NN

“ THIS !
DESIGN ENGINEERS! ELECTRICAL ENGINEERS! REPAIR SHOP FOREMEN!
LOOKING FOR A LINE OF U. S. NAVY-APPROVED INSULATING OR FUNGICIDAL VARNISHES?

Whether you’re designing, manufacturing, or re­

pairing military electrical apparatus, or whether 

you simply need quality insulating or fungicidal 

varnishes or enamels for critical applications, you 

can’t do better than the Westinghouse Leadership 
Line of insulation materials, field proven in over 

100 million applications !

The chart at left shows some of these remarkable 

products, approved by the U. S. Navy. For com­

plete information, call your nearest Westinghouse 

branch or write for your free copy of the 8-page 

Leadership Line Catalog of insulating materials.

957



New ProductsVarian Strip Chart Recorders

POTENTIOMETER PERFORMANCE* AT MODERATE COST
Rate Gyroscope

Miniature

*
The servo-balance potentiometer method has long been 
used in expensive recorders to achieve superior stability, 
sensitivity, ruggedness and high input impedance. Use of 
servo balancing systems assures full realization of these 
inherent advantages by providing ample power inde­
pendent of the source being measured. Now Varian of­
fers you recorders of moderate cost using this time-proven 
principle.

Varian recorders are

VARIAN SPECIFICATIONS:

e Spans as low as 10 mv

e Limit of error 1 %

• Maximum source resistance 50K ohms or higher

• Balancing times: 1 second or 2.5 seconds 
on G-10; 1 second on G-l 1

WRITE TODAY FOR COMPLETE SPECIFICATIONS

throughout the free world by 
representatives in principal cities.

PALO ALTO 2b CALIFORNIA
Varian Atsociaf«« manufacture* Klystron«, Traveling Wave Tubes, Backward Wave Oscillators, Linear Accelerators, Microwave System Components, 
K. F Spectrometers, Magnets, Magnetometers, Stalos, Power Amplifiers and Graphic Recorders and offers research and development services.

CIRCLE 1 80 ON READER-SERVICE CARD FOR MORE INFORMATION

Known as the Golden Gnat Rate Gyro, Type GN I 
has the following features: size of 1 in. diam, 2-1 J 
in. length; weight of 3.8 oz; range of full scale ratesl 
up to 600 deg per sec; threshold and resolution oil 
0.01 deg per sec; inertia ratio of 0.00045 sec (ratio oil 
gimbal inertia to angular momentum); temperature I 
compensated viscous damping for controlled dy l 
namic performance; variable reluctance pickoff foil 
high signal-to-noise ratio with infinite pickoff reso I 
lution; linearity of 0.1 per cent of full scale to 1J 
range, within 2 per cent to full range; ambient tern 
perature range of —55 to +85 C; linear vibrations 
10 g peak, 0 to 2000 cps; linear acceleration upto 
100 g depending upon range; and shock up to 100 J 

depending upon range.
Minneapolis-Honeywell Regulator Co., Dept. ED 

Boston Div., 1400 Soldiers Field Rd., Boston 35 
Mass.
CIRCLE 181 ON READER-SERVICE CARD FOR MORE INFORMATION
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Ceramicite
For Hermetic Seals

sold and serviced ®

Ceramicite is a leak-tight ceramic hermetic seal! 
used in relay bases, transformer bases, transistor! 
bases, diode closures and other such component in | 

continuous operation at temperatures up to 700 F. 
The heating required by the sealing process causes 
changes in the linear expansion properties of the 
materials resulting in a common coefficient permit­
ting crystalline migration between interfaces of the 
materials involved during the cooling cycle. Thus 
an actual molecular bond exists between the metal 
and the Ceramicite. Ceramicite is available in two 
forms: as pre-formed pieces, ready for firing by the 
user in fabrication of seal components and as com 
pleted seal components, such as single and multiple 
pin terminals and headers.

Consolidated Electrodynamic Corp., Dept. ED. 
300 N. Sierra Madre Villa, Pasadena, Calif.
CIRCLE 182 ON READER-SERVICE CARD FOR MORE INFORMATION
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delivery to 58 cfm. in above configura­
tion and over 300 cfm. with open axial 
fan. Above unit powered by MC motor. 
Inventoried parts for MC motors can be 
combined in 12x10* different ways.

for 
dif-

6. ACTUATORS
3 standard models around which custom 
units are designed, with intermittent 
torques up to 2500 oz in. Above unit 
powered by FC motor. Inventoried parts 
for FC motors can be combined in 10s 
different ways.

4. CENTRIFUGAL BLOWERS
Many standard models with typical air 
delivery of 22 cfm. at 1" back pressure.

3. TIMERS
AC or DC operated timing cycles to 
order, from a few seconds to many min­
utes, adjustable or non-adjustable. multi­
ple switching actions. Can be powered 
by any motor, such as the LL. Invento­
ried parts for LL motors can be com­
bined in 8xl017 different ways.

Unit above is SC. Inventoried parts 
SC motors can be combined in 10s 
ferent ways.

ELECTRONIC DESIGN • July 15, 1957

5. AXIAL BLOWERS
Many standard models with typical

Punched Card Sensor
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Device

St /M

?e GN 
,2-D 
3 rates 
ion oi 
atio of 
ature- 
¡d dy- 
off for 
f reso- 
to 12 
t tern- 
ion oi 
up to 
100 g

t. ED.
m 35.

c sea 
isistor 
mt in 
'00 F. 
causes 
if the 
?rmit- 
of the 
Thus 

meta 
i two 
iy the 
com- 
Itiple

This static reader for punched cards, a multiple 
switching device that simultaneously senses the en­
tire card, is adaptable to any combination of 540 
switching operations. The card reader accepts a 
standard punched-card with 540 holes, arranged 
12 wide by 45 high, which is read or sensed when 
the handle is closed. In each hole position is a 
spring-loaded pin and a corresponding normally 
closed switch with each side isolated. The pin re­
mains static where there is a hole in the card. 
Where there is not a hole in the card the pin moves 
forward and opens the corresponding switch. The 
card reader measures approximately 6-1/4 x 10-1/4 
x 9 in., and weighs 18 lb. It may be installed in any 
circuitry by means of standard connectors.

Metron Corp., Dept. ED, Union and Elm Sts., 
Lambertville, N.J.
CIRCLE 184 ON READER-SERVICE CARD FOR MORE INFORMATION

Variable Delay Line

Model 502

This continuously variable delay line, Model 502, 
is designed for use as a component or as test equip­
ment in advanced computer and radar systems. The 
entire delay range, from zero to maximum delay, is 
covered by a single control shaft, in ten turns. The 
unit may be locked at the desired delay by a 
locking device which is available from the manufac­
turer. It can then be used as a component in equip­
ment with a fixed delay, or as a continuously vari­
able test unit. Attenuation in the new unit is 1.2 db. 
Resolution is better than 1/1000 of maximum delay. 
Termination is external. Maximum delay is 2.0 p.sec.
Maximum rise 
ohms. Outside

me is 0.38 psec. Impedance is 470 
wnensions are 7 1/4x1x1 5/8 in.

Four other variable delay lines which feature max­
imum delays from 0.9 to 15.0 psec., Maximum rise 
times from 0.18 to 2.8 psec., and impedance from 
56 to 1000 ohms are available.

ESC Corp., Dept. ED, 534 Bergen Blvd. Pali­
sades Park, N.J.
CIR LE 185 ON READER-SERVICE CARD FOR MORE INFORMATION

FROM SPECS TO PROTOTYPES -FAST
Globe Industries makes to special order 
all of the miniature motorized devices 
shown on this page. But so do a lot of 
other companies. The difference lies in 
your design freedom.

At Globe you can set the specs and 
get prototypes in a few weeks. Our 
special order department builds these 
under the direction of the engineering 
department. And production orders are 
delivered in a few months because Globe 
maintains enormous inventories around 
which most custom designs are based.

Globe’s broad base of standard parts 
has helped earn a reputation for earliest 
prototype delivery, fast production, rea­
sonable price, aircraft standards, and 
repeat-business quality. Parts for your 
servo, timing, control, power, or air mov­
ing systems may be in Globe’s inventory 
now. MIL specs and special develop­
ment (including temperatures to +500° 
F.) are routine at Globe Industries.

Catalog sent to qualified firms; please 
request it on your letterhead. Inquire 
now about products which interest you. 
Get a Globe proposal on your next design.

1. GEAR REDUCED MOTORS
6 basic AC and DC motors, 2 basic gear 
types with 112 odd and even ratios, as 
well as various brakes, clutches, shafts, 
governors, windings and mountings. 
Above unit powered by SS motor. Inven­
toried parts tor SS motors can be com­
bined in 6xl0’7 different ways.

2. RATE GYROS
5-10 cps. is natural frequency. Provides 
adjustable damping and control contacts, 
withstands 6OGs for 11 milliseconds 
repeatedly. Above unit powered by MM 
motor. Inventoried parts for MM motors 
can be combined in 10'* different ways.

GLOBE INDUSTRIES, INC.
Dayton 4, Ohio • Phone: HEmlock 3741



WRITE FOR BULLETIN RL-1

polystyrene
capacitors

You’ll find Deltaply ”85” capacitors ideal for applications 
involving such critical factors as small uniform capacitance 
change with temperature . . . high Q . . . very high insulation 
resistance . . . very low dielectric absorption . . . and high 
stability. The ”85” offers exceptional electrical properties in 
temperature range —55°C to +85°C. Temperature-capaci­
tance co-efficient is —120 PPM/°C and is very nearly linear. 
Insulation resistance in megohms x mfd. varies from 10 mil­
lion at 25°C to 200,000 at 85°C.

Capacitance values from .0001 to 10.0 mfd. are available 
in hermetically sealed metal tubes or CP-70 cans in six 
standard voltage ratings from 50 to 1000 volts.

DEARBORN ELECTRONIC LABORATORIES
1421 NORTH WELLS STREET • CHICAGO 10, ILLINOIS

CIRCLE 188 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products

For additional information writo:

WITH HIGH LINEARITY 
LOW PHASE SHIFT 
LOW OUTPUT IMPEDANCE

Printed Circuit Connectors
Eight Sizes

Packaged Power 
Supply

Hermetically Sealed
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These hermetically sealed high voltage power 
supplies are convenient means of supplying high 
voltage to devices such as cathode ray tubes, oscil­
loscopes, TV equipment, and precipitators. The 
units are made by hermetically sealing all compo­
nents in a metal can with suitable insulating oil. 
The advantages of this unitized power supply are 
greater reliability, long use life, more compactness 
and greater convenience. Different models give out­
put voltages of 2 kv at 2 ma, 5 kv at 5 ma, 10 kv at 
1 ma, 15 kv at 1 ma, 30 kv at 1 ma, and 50 kv at 
1 ma.

Laboratory for Electronics, Inc., Dept. ED, 75 
Pitts St, Boston 14, Mass.

CIRCLE 189 ON READER-SERVICE CARD FOR MORE INFORMATION

These printed circuit connectors are available in 
eight different sizes, 6, 8, 10, 12, 15, 18, 22 and 38 
and feature .058 wide coined beryllium copper con­
tacts, heat treated to retain contact force after hun­
dreds of insertions. Wide contact pads insure mini­
mum abrasion under maximum contact force. Ex­
cessive contact mass insures lower heat rise at rated 
loads. Barriers between terminals insure high volt­
age break down ratings exceeding 2500 v rms at 
sea level and 700 v rms at 60,000 ft. Present models 
are available for printed circuit board thicknesses 
from .061 to .071. Polarizing pins may be located in 
any slot desired. Materials and construction match 
requirements called out in MIL-C-8384.

Corn Electric Co., Inc., Dept. ED, Corn Elec­
tronics Div., 845 Main St., Stamford, Conn.

There is a Vernistat a. c. poten­
tiometer to meet your require­
ments. Uniquely combining the 
functions of an auto-transformer 
with an interpolating resistance, 
the Vernistat potentiometer 
offers low output impedance and 
precise linearity plus long term 
stability.

The Model 2B Vernistat poten­
tiometer is available in five ver­
sions. Check these specifications:

Model 28

Output impedance (max) — 130 ohms 
Linearity — ±0.04%
Max. input voltage — 130
Output quadrature (max) — 0.50mV/V

Model 281

Output impedance (max) — 470 ohms 
Linearity — ±0.03%
Max. input voltage — 130
Output quadrature (max) — 0.13mV/V

Model 282

Output impedance (max) — 45 ohms 
Linearity — ±0.05%
Max. input voltage — 65
Output quadrature (max) — 0.47mV/V

Model 283

Output impedance (max) — 130 ohms 
Linearity — ±0.03%
Max. input voltage — 65
Output quadrature (max) — 0.16mV/V

Model 284

Output impedance (max) — 470 ohms 
Linearity — ±0.02%
Max. input voltage — 65
Output quadrature (max) — 0.06mV/V
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CIRCLE 190 ON READER-SERVICE CARD FOR MORE INFORMATION

1.750 
DIA.

1.625 
DIA.

2.680

FOUR NEW
VERNISTAT 

POTENTIOMETERS

vernistat* 
division

PERKIN-ELMER CORPORATION 
Norwalk, Connecticut

CIRCLE 191 ON READER-SERVICE CARD
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Protective Coating

Dip Applied

A strip-off plastisol coating for the 
rotec tion of metal parts and products 
an be applied by heating the parts 
nd dipping them in the plastisol. The 
Jastisol can be peeled off readily by 
and and serves as a protective coat- 
ng for any metal parts which are sub­
let to rust, corrosion, dirt or damage 
^hile in storage or transport. The 
oating provides resilient cushioning 
yhich reduces shock and breakage, 
nd is a defense against nearly all 
hemicals including most acids, al- 
alis and solvents. It also has high 
hermal and electrical insulating 
[ualities and is completely unaffected 
>y extreme cold or hot weather. It 
esists mold, mildew, salt air and 
vater and is not deteriorated by 
ime or exposure.
Auburn Button Works, Inc., Dept. 

lD, Chemical Div., Auburn, N.Y.
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Teflon Film

Thin Film Laminate

Type CSC cast Teflon film is a 
iured, semicured film or Teflon in its 
sintered and partially sintered forms. 
It is comprised of a composite lam­
inate of a minimum 2 mils of fully- 
cured cast Teflon superimposed by a 
0.25-mil layer of semicured Teflon in 
particulate form bonded together to 
resist normal handling. Final insula­
tion thickness is maintained after 
fusion because of the use of fully- 
cured Teflon. It is also offered in a 
1.25-mil thickness. Suggested applica­
tions may include high-temperature 
wire insulation or the construction of 
thin-wall flexible Teflon tubing. Avail­
able in continuous roll lengths of 100 
and 500 ft, in widths from I z4 to 1 in. 
in increments of 116 in. Packaged on 
3-in. ID cores. \

Dilectrix Corp'., Dept. ED, Allen 
Blvd, and Grand Ave., Farmingdale, 
N.Y.

CIRCLE 194 ON READER-SERVICE CARD
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ILLUSTRATED: MODEL SS-1503

Input: 105-125V, 60-500 cps, approximately 3A.
Output: 100-150V, 0-1.5A.
Ripple: ONE MILLIVOLT RMS.
Regulation: Line, 0.1%, 105-125V. Load, 0.1%, NL-FL.
Transient Response: ZERO-LAGGED for ±10% line transient or 

±25% load transient.
Output Impedance: 0.06 ohms at de. Less than 0.5 ohms, 

DC-500KC.

Meters: 0-150 volts, 0-2 amperes, 4’/2" rectangular, 2%.
Size: Standard 19" panel, 5%" high, 14%" deep behind panel.
Duty: Continuous, between —20°F and 110°F, 100% humidity, 

0 to 10,000 feet.
Polarity: Reversible and floatable to 500V peak from chassis 

ground.
Price $465. f o b. Kenilworth, New Jersey. Generous quantity 

discounts. Delivery 15 days.

SOLID STATE POWER SUPPLIES

Tuc/wthuq !
ULTRA COMPACT—More power supply per inch of 
panel height than ever before!

HIGH STABILITY—Improved high-gain balanced PNP 
amplifier—prestabilized zener reference.

COOL—Throws less heat into the cabinet than any 
other type of supply ... l/10th the heat generated by 
vacuum-tube equivalents.

FULLY TRANSISTORIZED—Semi-conductor rectifiers, 
zener-diode reference standards, transistor series regu­
lators, transistor loop amplifiers.

343 CARNEGIE

N J E

LOWER PRICE—As much as 30% less than inferior 
vacuum-tube equipment.

TEN MODELS—Covering 0-300V at 0-1.5 amperes for 
every plate, bias, and clamp application.

for our Solid State Catalog,

Electronic Development & Manufacturing

AVENUE, KENILWORTH, NEW JERSEY

Competent Engineering Representation Everywhere

S . T H E POWER S U P f EID
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New Products
Power Rectifier Junctions

"ii330 Amp

This 330 amp germanium power rectifier junction 
is one of a series of six rated at 330 amps rectified 
output current with voltage ratings from 20 to 66 v 
rms. These low current density high capacity junc­
tions have corrosion and moisture resistant cast- 
aluminum housings with airfoil type cooling fins for 
maximum heat dissipation. The unit size is 4 3/32 x 
3 x 3 1/4 in. Six 330 amp germanium junctions con­
nected in a three-phase bridge circuit will deliver 
85 kw, (1,000 amps (® 85 v) while occupying 1/2 
cu ft of space. Its efficiency rating is to 98.5 per 
cent.

International Rectifier Corp.. Dept. ED, 1521 E. 
Grand Ave., El Segundo, Calif.

«CUSTOM BUILDERS 
AND DESIGNERS OF:

CAVITIES
MIXERS • DETECTOR MOUNTS 
DUPLEXERS • MULTIPLIERS 
ROTARY JOINTS • BENDS 
TWISTS • OTHER COMPLEX 
COMPONENTS & ASSEMBLIES
Application-engineered microwave 
parts and complex assemblies are 
our specialized field. We’ll manu­
facture components to your prints 
... or we will design and integrate 
them into your application.

You can depend on J-V-M for close 
coordination, guaranteed electrical 
performance and ’’know how” that 
is attested by innumerable assem­
blies ranging from de. to 40,000 me. 
now in industrial and military use.
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Double Stub Tuner

Locking Collets

CIRCLE 199 ON READER-SERVICE CARD FOR MORE INFORMATION

FOR EXAMPLE

O

Get full information on J-V-M 
standard or custom-engineend 
microwave parts and componenti, 
also complex mechanical assem­
blies. Request catalog today

5 
o

1. Variable vane directional coupler... 
sliding vane type . . . high directivity- 
low VSWR.

2. Pre-selector-mixer... S band...50 ohm 
input impedance . . . high Q double- 

| tuned ganged cavities, .detector out- 
put . . . frequency stable from 

Q —55° to + 85°C
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This double stub tuner, Model DS-1-12, has an 
impedance of 50 ohms and a frequency range of 
1000 to 12.000 me. A pair of collets locks the tuner 
securely in any pre-set position. The device em­
ploys silver plated contact springs, rugged stub 
junction construction and smooth acting, non-slip 
tuning elements. The tuning elements can be fur­
nished with or without collet-type locking caps. 
The hex shaped body of the tuner facilitates hold­
ing or mounting in any position.

Uniwave, Inc., Dept. ED, 2 Marine St., Farming- 
dale, N.Y.

s o
ENGINEERING 

COMPANY
4635 Lawndale Ave.. Lyons, III. 

(Chicago suburb)

CIRCLE 200 ON READER-SERVICE CARD
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Phasemeter

60 Cps-20 Kc
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EXPLORE 
the unique properties of 

PRECIOUS METALS
Precious metals are finding extraordinary 
applications in industry and the laboratory, 
even to the extent of providing answers for 
many long-standing problems. Electroplat­
ing offers an efficient method of exploring 
and exploiting such characteristics as the 
unique and diverse properties of gold, 
which are not found in combination in any 
other form. Technic Inc. equips you with 
controlled electroplating apparatus and 
solutions that eliminate variables, assure 
precise performance reproducible as often 
as required.

TECHNIC ENGINEERING
Technic engineers consult on exploratory 
projects and collaborate in problem solving. 
They design and install controlled electro­
plating equipment, stand by until perform­
ance is assured.

The PM-IB Phasemeter offers accurate measure­
ment and calibration of phase relationships in com­
plete systems and in electronic instrumentation at 
audible and supersonic frequencies. Featuring a 
passive system utilizing neither tubes nor semi­
conductors, the PM-1B phasemeter will retain its 
calibration accuracy of better than ± 1/2 deg for 
very extended periods. The meter is available in 
two models: a single frequency unit which can be 
provided for any single frequency between 60 cps 
and 20 kc; and a three frequency unit which can 
be provided for any three selected frequencies be­
tween 60 cps and 20 kc. Continuous measurement 
of the phase angle from 0 to 360 deg may be ob­
tained, while lead and lag angles may be measured 
directly from any reference desired. High imped­
ance input with low impedance output; a large di­
rect reading dial with adjustable zeroing and a con­
stant amplitude output are other features.

The size of the unit is 7 x 7 x 7 1/2 in. and it 
weighs approximately 6 lbs.

Statham Development Corp., Dept. ED. 12411 
W. Olympic Blvd., Los Angeles 64, Calif.
CIRCLE 203 ON READER-SERVICE CARD FOR MORE INFORMATION

TECHNIC PRODUCTS
Potassium Gold Cyanides, Concentrated 
Aqueous & Dry • Rhodium, Platinum & 
Palladium Electroplating Solutions • Im­
mersion Tin • Protectox Anti-Tarnish • 
Flame Flux

TECHNIC EQUIPMENT
Electroplating Systems • Germanium Diode 
Rectifiers • Turbomatic Agitators • Electro­
plating Barrel Units • Automatic Techni 
Timers

ohm 
i.ble- 

r out- 
from

J-V-M 
intend 
tontnlt 
astern- 
ay.

RING

TECHNIC BIBLIOGRAPHY
“Electroplated Gold”; “Precious Metal 
Electroplating Data. Gold, Rhodium, Pal­
ladium, Platinum, Silver, Nickel”; “Electro­
plated Platinum”; “Electroplated Palla­
dium”; “Electroplated Rhodium”; “Anal­
ysis of Gold & Gold Alloy Solutions”.

Write for authoritative Tech- 
nic publications, many con- 
taining data assembled no- /V==- 
where else. We serve as jL »A
consultants on experimental I 
projects as well os on reg Ijj 
ularired operations. Consult o’ 
us without obligation.

techniuìnì:.
39 Snow Street, Providence, R I.

JAckson 1-4200

Chicago Office —7001 North Clark Street

THE largest enterprise of its kind in the world

Frequency Interval Meter

Period and Time

Model 7550B features only one glow transfer 
counting tube per decade for both counting and 
indication, 200 mv input sensitivity, a self-test func­
tion switch for checking internal time base and 
counter decades, measuring capacities from 0.1 to 
100 kc and 10 ps to 1.5 days, and a counter tube 
life expectancy of over 10,000 hours. Applications 
include flow measurement, filter characteristic de­
termination, oscillator calibration, rpm monitoring, 
and timing of physical events.

Electro-Pulse, Inc., Dept. ED, 11861 Teale St., 
Culver City, Calif.
CIRCLE 204 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 202 ON READER-SERVICE CARDARD
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AMERICAN ELECTRONICS. INC
65S W Washington Blvd. Los Angeles 15, California

RAD X E* X« CJ

... a revolutionary system 

for detecting leaks 

in transistors, diodes 

and other sealed units 

for pennies each!

Radiflo offers a vast improvement over 
present leak detection methods because it 
measures the leak after the final sealing 
operation is completed. Radiflo eliminates 
most of the expensive labor cost... 
yet gives the same or greater accuracy in 
a fraction of the time!

Here is how Radiflo works. One or many 
parts are immersed under pressure in 
an inert, non-toxic radioactive gas. After 
air washing, the parts are passed over a 
scintillation counter which measures the 
molecular leakage to a normal sensitivity 
of one cc per 500 years.

Tests have shown that transistors can bo 
checked at a cost as low as two cents each with 
corresponding savings on other types 
of parts. Radiflo can also be easily set up 
on an assembly line for automatic 
parts inspection.

Even the initial cost of Radiflo is low.
Why not write today for complete technical 
information to Dept. No. 734Jy.

Have you heard about the amazing engineering 
opportunities at American?

CIRCLE 205 ON READER-SERVICE CARD FOR MORE INFORMATION
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Electronic Designers:

OVER 240 MODELS
I OF JOY FANS

'•«Designed especially for..........................
your application*

because they are made of 
aluminum or magnesium castings pro­
duced in Joy’s own foundries.

design—with motor mounted 
inside the fan—permits installation any­
where .. - even inside a duct.

vaneaxial design provides more 
air per given size than any other type fan.

on a production line basis . .. 
Joy has over 250 standard models with 
1300 designs available to your specs ... 
from 1/5 00th horsepower up.

because of simple design . . . the 
outer casing, the vanes and motor mounts 
are cast in one piece . . . vibration free.

Get more information from the world’s 
largest manufacturer and supplier of 
vaneaxial fans to companies like G.E., 
Hallicrafters, Lear, R.C. A., Motorola, Ray­
theon, Sylvania.

Write to Joy Manufacturing Company, 
Oliver Building, Pittsburgh 22, Pa. In Canada: 
Joy Manufacturing Company (Canada) 
Limited, Galt, Ontario.

Write for FREE 
Bulletin 135-57

■ WSW 16340-135

CIRCLE 207 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products

Concentric Dial 
Assembly

Separate or Geared 
Inputs

This low inertia concentric dial assembly may be 
mounted so that the dial face is either parallel or 
perpendicular to the mounting surface. Input can 
be made perpendicular to the axis of rotation of 
the dial by the incorporation of a pair of miniature 
spiral mitre gears. Separate inputs to the two dials 
are provided permitting the comparison of two 
separate readings. Gears used are AGMA Class II. 
A hair-line indicator ensures accurate dial reading 
The dial assembly is a two-speed indicator, with 
standard ratios of 10:1 or 36:1 available. Other ra­
tios are available on special order.

Reeves Instrument Corp., Dept. ED, 207 E. 91st 
St, New York 28, N.Y.

HIGH VOLTAG!
BREAKDOWN TESI

. . . proves
Johnson tube sockets 
are built to take it!

CIRCLE 208 ON READER-SERVICE CARD FOR MORE INFORMATION

Magnetic Voltage Regulator
5 KVA

Eliminate special set-up charges! 
Pick the tube socket you need from 
Johnson's 3 basic grades...

STANDARD—These are commercial grade sockeh 
for general requirements. Bayonet Sockets equipped 
with porcelain bases, glazed top and sides. Phosphor 
bronze contacts .0002 cadmium plated. Nickel-plated 
hardware. Bayonet shells are etched aluminum. Wafer 
Sockets equipped with glazed steatite base—DC200 
treated. Contacts are plated brass with steel springs. 
Shielded types equipped with etched aluminum shields.

INDUSTRIAL—Superior in quality to "Standard" 
types, equipped with glazed steatite bases, DC200 
treated. Phosphor bronze or beryllium copper contacts 
and springs, .0005 silver-plated. Fungus resistant 
cushion washers under contacts. Aluminum bayonet 
shells and shields for wafer types, indite No. 14 treated.

End 
semi 
tion 
Qua 
mac 
Sha 
fast 
serr 
pro 
witl

Ov

he<

The 5 kva automatic voltage regulator type 
TM7105 is designed for an input of 95-135 v, and an 
output of 115 v nominal, adjustable from 110-112 v. 
The accuracy of the unit is 1 v band for line voltage 
variations and/or load magnitude and power factor 
changes. It has a waveform distortion of 4 per cent 
maximum and a response time of less than 1/2 sec 
for ordinary line and/or load changes. The size is 
21-9/16 x 19 x 12-3/16 in, weighing 215 lbs. Both 
input and output connections are made to the 
terminal board inside the cabinet.

Superior Elec. Co, Dept. ED, 83 Laurel St, Bris­
tol, Conn.

CIRCLE 209 ON READER-SERVICE CARD FOR MORE INFORMATION

MILITARY—Top quality for military requirements. 
Glazed L4 steatite bases, DC200 treated. Bayonet 
Sockets equipped with beryllium copper contacts 
.0005 silver-plated. Hot tin-dipped solder terminals - 
brass bayonet shells, .0003 nickel-plated. Threaded 
hardware .0002 nickel-plated—unthreaded hardware 
.0003. With fungus resistant cushion washers under 
contacts. Wafer Sockets equipped with phosphor 
bronze contacts and beryllium copper springs, silver- 
plated .001. Hot tin-dipped solder terminals. Fungus 
resistant, glass base melamine cushion washers under 
contacts. Aluminum shields on shielded types, No. 14 
Iridite treated. Entire socket protected for 200 hour

Yo 
afl

Fo
wr 
N.

Woo 
Sere’ 
Roll 
Bolt!

War
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PROBLEM 
SOLVED !

Low Voltage 
Power Supply

Regulation ± 0.2 
Per Cent

Modulators and 
Demodulators

For Tape Systems

These telemeter and strain gauge power supplies 
are designed for 400 cps operation, but are also 
available for 60 cps circuits. Hermetically sealed, 
the supplies have no moving parts and are self-pro­
tected for shorted output. Characteristics include a 
regulation of ±0.2 per cent, ripple of 1 per cent rms, 
recovery time of 0.5 sec, and a variety of outputs. 
Gulton Industries, Inc., Dept. ED, Engineered 
Magnetics Div., Metuchen, N.J.
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End the bottleneck on your as­
sembly line by precision applica­
tion of fasteners. Southern 
Quality fasteners are precision 
made for precision production. 
Sharp pointed, threaded to start 
fast, hold tight. They speed as­
sembly, lower rejects. Give your 
product Permanence and Quality 
with Southern Screws!
Over one billion fasteners stocked 
— in wide variety of finishes, 
heads, sizes and styles.
Your order filled in moments 
after receipt, if requested.
For free samples and Stock List 
write Eox 1360-ED, Statesville, 
N. C.

FM-1A Modulators and FD-1A Demodulators are 
available for use with the modulator tape recording 
systems. The modulator produces an fm carrier suit­
able for magnetic tape recording and data trans­
mission from a low-frequency signal. Each unit re­
quires less than 6 ma at 180 v de and 0.6 a at 12 v 
de. Carrier output level is 100 v across 100,000 
ohms; demodulator output level is 1 v across 20 K.

Electrodynamic Instrument Corp., Dept. ED, 
2508 Tangley Rd., Houston 5, Texas.

CIRCLE 214 ON READER-SERVICE CARD

High Voltage 
Terminals

15 Kv to 50 Kv

»

•tota

Wood Screws • Stove Bolts * Machine 
Screws & Nuts • A, B & F Tapping Screws 
Roll Thread Carriage Bolts • Hanger 
Bolts • Dowel Screws • Wood & Type 

U Drivé Screws

Warehouses: NEW YORK • CHICAGO

DALLAS • LOS ANGELES

CIRCLE 212 ON READER-SERVICE CARDRD

Terminals in the 15 kv to 50 kv range have been 
developed. In addition to standard items, complete 
facilities to build custom terminals are in opera­
tion. The terminals are all twist-free, gasket type, 
and feature oil-filled design. Emphasis has been 
placed on raising the corona threshold.

Sphere Co. Inc., Dept. ED, Eagle Rock Bldg., 25 
Amity St., Little Falls, N.J.

CIRCLE 215 ON READER-SERVICE CARD
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11000 
series

SOLENOID OPERATED
Mimature - SPDT

HN or Type N connectors. Fre­
quencies thru 11,000 MC. AC or
DC operation Weight 6 oz

MOTOR OPERATED
Available SP2T thru SP6T-also 
DPDT and DP transfer, frequen­
cies thru 11,000 MC. AC or DC 
operation.

M1460 
series

MANUALLY OPERATED 
—same contact arrangement and 
R F head as ths 1460 Series. For 
chassis or penal mounting.

COAXIAL SWITCHES

RANSCO

PROJECT ENGINEER OPENING 
FOR R. & D. ELECTRONICS

Engineer on Microwave Antenna 
Systems with Southern California 
leader in Avionics. Excellent company 
benefits. Address inquiries to 
Personnel Director.

The Finest in R F System Components 
12210 NEBRASKA AVENUE, LOS ANGELES 25, CALIFORNIA

REPRESENTATIVES IN MAJOR AREAS

CIRCLE 227 ON READER-SERVICE CARD FOR MORE INFORMATION

-they simplify 

design of 

R F systems

With TRANSCO switches, you can cut 
down the number of components in 
a system—one switch handles up to 
6 circuits, transco switches are small, 
and light in weight. Each is supplied 
in a choice of configurations to 
simplify installation.
Adds versatility to a system. All 
channels on a TRANSCO can be 
operated independently, and there’s 
a wide variety of make-and-break 
arrangements available. TRANSCO 
switches operate through 11,000 MC 
—a standardization which cuts your 
stocking requirements to only one 
switch for this entire R F band width
High-efficiency switching is due to 
minimum insertion loss, low VSWR, 
and high isolation between channels. 
TRANSCO units are qualified to 
applicable military specifications. 
Performance has been fully confirmed 
in the field, where thousands of units 
are giving dependable service.
Technical data on any unit or the 
complete line sent on request. Send 
us your coaxial switching problems.
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VINYL INSULATION SLEEVING

For aircraft, airborne components, missiles and guidance 
systems — wherever specs call for MIL-I-7444A(2), or for 
any application where a dependable low temperature vinyl 
insulation sleeving is required, specify Resinite EP-93.
Not only does this outstanding material remain flexible at 
-90' F, it withstands 185*F continuously, an unusually wide 
operating range. It also offers exceptional flame, fungus 
and corrosion resistance. Available in all 3 size ranges.
EP-93 is just one of many fine insulation materials that 
have made Resinite the leading supplier of specification 
sleeving to the aircraft and electronics industries.

Write us your requirements and we’ll submit samples and per­
formance data on appropriate sleevings, tapes or lacing cords.

Resinite Department THE BORDEN COMPANY Chemical Division 
Box 1589, Santa Barbara, California

SPECIALISTS IN VINTI SitFVINC AND TUBING FOR IMF AIRCRAFT, ELECTRONICS. ELECTRICAL AND PHARMACEUTICAL FIELDS 

CIRCLE 217 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

Nutshell

CIRCLE 220 ON READER-SERVICE CARD
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Logarithmic Counter

5 Decades

This logarithmic count rate meter, based on the 
Cooke-Yarborough circuit, is a wide-range instru­
ment for use with all types of radiation detectors. 
Typical applications include gamma monitoring 
with scintillation counter, beta-gamma monitoring 
with Geiger counter, and gamma ray spectrometry. 
It incorporates a Schmidt trigger circuit for discrim­
ination. The meter eliminates the necessity of man­
ual or electro-mechanical switching as is required 
in linear-type rate meters. The meter circuit consists 
of a series of diode pump circuits where the signal 
is fed into a coupling condenser which charges 
through one diode and discharges through another 
into an integrating capacitor once each cycle. 
Range is from 10 to 1 million counts per min. in 5 
decades on a single scale. Accuracy is within ± 2 
per cent over the entire decade and is better than 1 
per cent in the vicinity of the calibration point. Drift 
is less than 1 per cent in 24 hours. The unit operates 
on 150 v, 60 cycles and draws 135 w. Relay rack 
panel is 8-3/4 x 19 in. and shipping weight is 60 lb.

The Victoreen Instrument Co, Dept. ED, 5806 
Hough Ave., Cleveland 3, Ohio.

CIRCLE 218 ON READER-SERVICE CARD FOR MORE INFORMATION

Utility Oscillator 
4.5 to 220 Me Range

Incorporating self-contained attenuators, power 
supply and output meter, the Utilator provides a 
high level rf output age controlled for ±0.5 db flat­
ness over the 4.5 to 220 me range. A direct reading 
frequency dial is accurate to ±1 per cent. Rf output 
is 0.7 v rms into nominal 75 ohms. Attenuation is 
produced by switched steps of 20,10 and 6 db, plus 
continuously variable 6 db. The instrument weighs 
19 lb.

Kay Electric Co., Dept. ED, 14 Maple Ave., Pine 
Brook, N.J.

CIRCLE 219 ON READER-SERVICE CARD FOR MORE INFORMATION

in a

Xou may never build a circuit 
on or in a nutshell, but you— 
and a lot of other manufacturers 
—do have miniature and sub­
miniature designs to contend 
with as a part of the modern 
electronic trend.

Mallory sub-miniature compo­
nents help make these tiny 
circuits possible. Mallory, for 
example, pioneered the Mercury 
Battery—known ’round the 
world for its ability to perform 
... for its tiny size ... and for its 
constant-voltage discharge rate, 
ideal for transistor circuitry.

Mallory manufactures four dis­
tinct lines of sub-miniature 
capacitors —from premium 
grades for performance under 
the most exacting conditions— 
to the newest TT series, low- 
cost aluminum-cased electro­
lytics, ideal for commercial 
applications. The new tiny TNT 
Capacitors measure .145" dia. 
by only He" long I

When your problems are "small” 
—in physical size, look to 
Mallory for sub-miniature com­
ponents. Ask the Mallory appli­
cation engineers for capacitor 
specifications and assistance.

ELECTRONIC DESIGN • July 15, 1957
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Control Gearmotor

Built-In Potentiometer

TRANSISTOR 
CIRCUIT 

ENGINEERING
Edited by RICHARD F. SHEA. 
Eight co-author«, all of the 
General Electric Company.

’rovides you with the necessary tools to 
lo actual circuit designs, and develop 
isable circuits in all potential fields of 
ipplication. It shows you how to build 
¡uccessful audio amplifiers, radio fre­
quency amplifiers, etc. using available 
transistors—and how to combine these 
elements into radio receivers, television 
sets, and high fidelity audio systems.

Written by a team already famous as 
pioneers in the field of transistor elec­
tronics, the work contains a great deal 
of brand new material, plus up-to-date 
information on recently-introduced de­
vices and their applications in ever­
widening fields. Greatest emphasis is 
placed on the practical engineering as­
pects of the subject.

Chapter headings:

Characteristics and Characteristic Curves 
—Equivalent Circuits—Bias and Its 
Stabilization—Audio Amplifiers—DC 
Amplifiers and Their Applications— 
Tuned Amplifiers—Video Amplifiers— 
Oscillators—Modulation, Mixing and 
Detection—•Transient Response and

Shaftrol, shaft mounted gear motor includes a 
built-in potentiometer that provides remote control 
for valves, variable speed drives, gates, jacks, and 
variable displacement pumps. The potentiometer 
may also serve in bridge circuits of automatic con­
trol systems. Control may be by dial control, by 
push button or it may be automatic from limit 
switches, controllers or proportioning devices. The 
mounts on shafts from 1/4 to 1 in. in diam. A wide 
range of operating speeds and torques can be had 
by specifying the desired ratio of the 3 or 4 stage 
reduction gearing. A variety of potentiometer gear 
ratios may also be had so that full scale deflection 
of the calibrated meter may be obtained for rota­
tion of the driven shaft from 1/6 revolution to 40 or 
more. Limit switches, which are optional, may be 
set to limit travel to any desired amount. Shaftrols 
can be furnished with built-in single or multi-turn 
precision potentiometers having a wide range of 
specifications. When the potentiometer is used as 
a part of a bridge circuit, the standard Shaftrol pro­
vides follow-up accuracies of plus or minus 1/5 per 
cent of full scale. With precision multi-turn poten­
tiometers accuracies of 1/25 of 1 per cent can be 
had with counter read out if preferred. Shaftrols are 
available for use on single or 3 phase circuits with 
drip proof, totally enclosed or explosion proof en­
closures.

Jordan Co., Inc., Dept. ED, 3235 W. Hampton 
Ave., Milwaukee 9, Wis.
CIRCLE 223 ON READER-SERVICE CARD FOR MORE INFORMATION

cuits.

Just out 468 pages 104 illus. $12.00

Send for your ON-APPROVAL copy todayl

Spin-Lock Nuts 
Will Not Loosen

¡440 Fourth Ava., Now York 16, N. Y. | 
I Please send me a copy of TRANSISTOR | 

I CIRCUIT ENGINEERING to read and! 
| examine ON APPROVAL. Within 10 days I 

ik and owe nothing,!11 will return the
j or will remit $12.0dl plus postage.

iName ................. '......... .................................................... j
I Address ......................................................................... !
¡City........................................ Zone.... State...............।

( ) SAVE POSTAGE! Check here if you | 
। ENCLOSE payment, in which case we । 

pay postage. Same return privilege, of । 
course.

CIRCLE 222 ON READER-SERVICE CARD

Spin-lock unts combine the function of nut and 
lock washer in one piece. Available in sizes ranging 
from no. 8 to 1/2 in., the nut provides a rachet-like 
structure on its base which bites into the bearing 
surface of the metal to be joined, resisting any ten­
dency to loosen. The teeth provide excellent con­
tact for electric equipment. The nuts are hardened 
to make them capable of carrying heavy loads, and 
the teeth are not deformed by use.

Russell, Burdsall & Ward Bolt and Nut Co., Dept. 
ED, Port Chester, N.Y.
CIRCLE 224 ON READER-SERVICE CARD FOR MORE INFORMATION
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AN OPPORTUNITY AND A CHALLENGE 

FOR COMPONENT AND SYSTEMS DESIGNERS

SIMPLIFY AND INCREASE 
SYSTEM RELIABILITY

BY DESIGNING TO CHARACTERISTICS OF 
LOW IMPEDANCE A-C DIFFERENTIAL TRANSFORMERS

infinite resolution • no sliding contact nor bearings 
frictionless • unlimited life, nothing to wear out

temperature stable • high signal to noise ratio 
small, compact, lightweight

Recommended for hydraulic 
servo valve feedback, rate gyros, 
accelerometers, hydraulic servo 
motors, pressure, flow, position 
and level detectors, Atcotran Dif­
ferential Transformers are setting 
the pace for improved reliability 
of components in existing systems 
by replacement of sliding contact 
pickups.

New systems designs incorpo­
rating the full advantage of in­
herent characteristics of these 
transducers promise outstanding 
benefits:

1) The low impedance charac­
teristics of differential transform­
ers can reduce or eliminate the 
need for filter circuits.

2) Ratio winding techniques 
and simple interconnection for 
algebraic functions frequently 
can be accomplished without in­
termediate components.

3) The reliability and precision 
of differential transformers makes 
possible a new order of perform­
ance.

EXPERIMENTAL KIT

To enable designers to familiar­
ize themselves with the applica­
tion of differential transformers 
in the laboratory, the Atcotran 
Differential Transformer Experi­
mental Kit has been made avail­
able. It contains seven standard 
coils of various characteristics, a 
flexure plate and clamp, a demod­
ulator and a 32-page HANDBOOK 
containing theory and application 
data on differential transformers.

A $324.00 value spe­
cially priced at only 
$189.50 for lab inves­
tigation.

Start exploring thi* 
new opportunity now. 
Order your kit today.

AUTOMATIC TEMPERATURE CONTROL CO., INC.
SUBSIDIAKY OF SAFETY INDUSTUES, INC.
5239 Pulaski Avenue, Philadelphia 44, Pa.
Please send me an Atcotran Differential Transformer 
Experimental Kit and invoice $189.50 against our 
purchase order No----------------

THE WORLD'S LEADING 
DESIGNERS AND MANUFACTURERS 

OF LOW IMPEDANCE 
DIFFERENTIAL TRANSFORMERS

NAME

COMPANY.

ADDRESS.

CITY.

FOKEIGN SALES: ATC EXPORT DEPARTMENT, ÌS05 RACE ST.
STATE___

IHA. 2

CIRCLE 225 ON READER-SERVICE CARD FOR MORE INFORMATION
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MINIATURIZED CONNECTORS!
Amphenol’s super-reliable Micro-Ribbons are now 

available in cable-to-chassis mountings. Providing all 

of the remarkable Micro-Ribbon advantages for this 

needed application, these new types feature cadmium- 

plated brass shells with clear chromate treatment, 

gold-over-silver plated contacts, diallyl 

phthalate dielectrics.

If you are cramped for space, here is how these 

connectors work for you. The largest cable-to-chassis 

pair contain 50 contacts—yet, mated, measure 

only 3.8 square inches!

At 5 amps Micro-Ribbon connectors are rated at 

700 Volts D. C. at Sea Level, 200 Volts D. C. at 70,000 feet. 

They are available in 14, 24, 36 and 50 contacts.

AMPHENOL ELECTRONICS CORPORATION 
Chicago 50, Illinois 

"BUILDING TO THE FUTURE OF ELECTRONICS"

AMPHENOL CANADA LIMITED toronto 9, ontario



Services for Designers

Flux-Dip Brazing of Aluminum Assemblies

Flux-dip brazing, a new technique for joining 
complex, multi-joint aluminum assemblies in one 
operation, is now available through Waveline, Inc., 
of Caldwell, New Jersey. This revolutionary process 
eliminates the many drawbacks of hand brazing, 
and assures unmatched high volume, low cost pro­
duction. The major benefits of flux-dip brazing are: 
Mechanical accuracy, due to controlled uniform 
heating, warp and distortion of the assembly are 
eliminated; close tolerances are maintained; high 
strength, quality finish, and economy. Flux-dip braz­
ing has proven ideal for brazing waveguides, an­
tennas, chassis and microwave assemblies. It also 
has found application in the aviation, missile and 
instrument industries. Additional information may 
be obtained by writing to Mr. John Morris, Produc­
tion Engineer in charge of development, Waveline, 
Inc., Caldwell, N.J.

Typical complex multi-joint aluminum assembly flux-dip 
brazed in one operation.

Research and Development Laboratory

A new laboratory which offers research and de­
velopment services on a contract basis has been 
established in Madison, Wisconsin by Trionics Cor­
poration, P.O. Box 548. The services of the labora­
tory are available to both industrial and government 
sponsors. It will employ more than 30 persons at the 
Madison laboratory and plans call for an increase in 
staff to more than 70 persons.

The research program of the new laboratory is 
primarily designed to develop new and improved 
materials to meet the requirements of specific tech­
nological advances. Special fields in which the labo­
ratory will be active include high and low tem­
perature resistant materials, magnetic materials, 
ceramics, coatings and surface treatments, plastics, 
electronic component materials, high strength-low 
weight materials, packaging materials, corrosion in­
hibition, metallurgy, radiochemistry, and microwave 
physics.

< CIRCLE 216 ON READER-SERVICE CARD

IGUDEBROD

GUDEBROD 
BROTHERS I 
ARE 
PIONEERS 
IN FLAT 
& BRAIDED 
TAPES OF 
NYLON, 
DACRON, 
TEFLON.
WAX-COATED, 
FUNGUS-PROOF, 
HEAT-RESISTANT.

Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded . . . and they come 
wax-coated or wax-free . . . 
rubber-coated ... or with spe­
cial coating. Gudebrod makes 
many tapes for many pur­
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both.

GUDELACE • GUDE-NYLACE
GUDELACEH • TEFLACE

GUDEBROD BROS. SILK CO., INC. 
ELECTRONICS DIVISION

225 W. 34th St., New York 1, N. Y.

EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa.

CIRCLE 228 ON READER-SERVICE CARD



( N THE SHELF! 
SINGLE SPIDER 

GEAR DIFFERENTIALS 
by FORD 

INSTRUMENT

AVAILABLE IN FOUR SIZES: 
H", %"» and %" Shaft Diameters

NOTE! Prices of W units 
have been drastically reduced.

Physics Research and Consulting Service

A privately-financed organization to offer full- 
scale physics research and consulting service based 
on use of a Van de Graaff particle accelerator has 
completed installation of its “atom smasher.” 
The new company, Texas Nuclear Corp., Austin, is 
initially using its 2-million-volt positive-ion acceler­
ator in programs dealing with elastic and inelastic 
scattering of neutrons.

The company is now staffed and equipped to pro­
vide complete coverage in such programs as analysis 
of compounds by nuclear methods, neutron activa­
tion cross section studies, investigation of radiation 
damage, study of radiation damage by electrons, 
electron sterilization and well-logging research. A 
3600 square-foot facility has been constructed to 
house the Van de Graaff accelerator, and auxiliary 
equipment including a multichannel analyzer and 
related specialized counting and recording devices.

GUARANTEED 
SHIPMENT WITHIN: 

(WITHOUT END GEARS) TYPE

IlUCCIf for units with set shaft A
HLLR lengths* ■■

aWCCIfC f°r units with shaft 
nLLRu lengths to customer 

specs
(WITH END GEARS)4 WEEKS for units with stock end

If 0 tor units with end gears 
" ULUU to customer specs

(SUBJECT TO PRIOR SALE)
•Note: unitsare not stocked with set shaft lengths.

Ford Instrument produces 
single spider gear differed- ■ 
tials to highest military and 
commercial standards, for ■ 
extreme accuracy in addi- 
tion and subtraction, and in 
servo loop applications. ■MHHM 
Seven ways superior. Call or wire W. Mohr, 
Component Sales Division (STillwell 
4-9000) for prices, or check and mail cou­
pon below, stating quantity. Data bulletin 
w ith performance curves and characteristics 
will he sent with the prices.

Component Sales Division ED

I FORD INSTRUMENT 
COMPANY

Plastic Coating Operation

The Polymer Corporation, Reading, Pa., an­
nounces the establishment of a plant at 3030 Oak 
Street, Santa Ana, California, to perform custom 
coating by the new Whirlclad coating process. The 
process is a new coating technique which primarily 
involves dipping preheated articles into a bed of 
finely divided dry powders which are fluidized by 
ascending currents of gas or air. The powders heat 
fuse to form the coating.

The process permits use of a wide range of plas­
tic materials such as nylon, polyethylene, cellu- 
losics, epoxies and polyethers to be applied to metals 
and other base materials. Materials such as nylon 
and polyethylene, can be utilized. The single dip 
technique applies coatings for chemical and corro­
sion resistance, wear resistance, electrical insulation 
and decorative purposes. The new Santa Ana opera­
tion is expected to provide new availability of coat­
ings to the aircraft, electronics, and other West 
Coast industries.

DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y.

Please send me prices on the following: 
Circle size of unit desired:

V8" y4" V
Circle category for type of units needed: 

(Check'^wo if both aoply)

A B \ C D
I want__________' (number) units:

Ham e________________________________________________

Position.

Company_____________________________________________ _

Straat ___ —

City State----------------
• -MS MM ^MB BMM ^MB MM MM H^M MM MM VMM I

CIRCLE 232 ON READER-SERVICE CARD

Preheated metal parts being dipped into a tank con­
taining fluidized coating powders.
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What makes 
a relay RELIABLE?

BASIC DESIGN

To obtain reliable performance in every relay, UNION has developed 
excellent techniques for precision manufacture on a high-volume basis. 
Workers are provided with ingenious tools, jigs and fixtures for con­
sistent accuracy. Special processes such as high-temperature baking and 
hermetic seal by welding of steel cases assure top relay performance.

UNION engineers have been de­
signing relays noted for highest 
reliability for more than 75 years. 
This experience has been applied 
to miniature relay design with 
outstanding success.

QUALITY CONTROL
Scientific quality control practices and 100% testing to critical Military 
Specification requirements, including a hermetic seal test by mass 
spectrometer, assure standard quality in every relay.

See our exhibit at the 
Weston Show, Booths 810-811 

RfJ Union Switch & Signal 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —

PITTSBURGH 18, PENNSYLVANIA

CIRCLE 233 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Materia Is

for

HE CHOICE in semiconductor devices at pres-
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To Mll-W-12349 Specifications
Insulated with Kel-F*

vinyl,

nylon, or Kel-F.
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ELECTRONIC DESIGN

210 Hayward Road
We«* Acton, Massachusetts

•T.M. M. W. Kellogg Co.

ELECTRONICS DIVISION

• Good abrasion resistance
• Excellent resistance to cold flow
• Extremely flexible

• Dielectric constant between 2.5 and 3.0
• Good arc resistance
• Zero moisture absorption
• Resists wetting and high humidity

¿»■■■■■■■■»■■■■■Mae
aBBB'.;a«8BBV8B ■■ itcai

-sk.eiBausrvrauoMaaa

K-F WIRES
OFFER A NEW STANDARD

QUALITY IN HOOK-UP WIRES
FOR 1,000 VOLT SERVICE AT

MECHANICAL CHARACTERISTICS

• Smaller O.D. than wires of comparable values

ELECTRICAL PROPERTIES

Available from stock in 17 solid colors — AWG sizes 10 through
30, also in 1, 2 or 3 stripes in any combination of 10 colors for
almost unlimited color coding. Can also be supplied with braided
shielding for special requirements.
Complete facilities for twisting single, insulated conductors in
pairs, triplex or quads, cabling 808 conductors into a single core,
and, for layer or sector type cabling are available. Application of
braided shielding or spiral tape shielding over the core before
jacketing a specialty. Jacketing done in polyethylene.

Send for complete technical data

THE iytx CORPORATION

C1RCLE 237 ON READER-SERVICE CARD FOR MORE INFORMATION
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Microforms

Semiconductors

Herbert Drapkin
Anchor Metal Co., Inc.

ent are germanium for its high frequency prop-
Donor dopes include antimony, arsenic, bismuth,

erties, and silicon for its greater efficiency at higher
temperatures. Experimentally other compounds
show the high frequency properties of germanium
at the temperatures where silicon devices work best,
but for the purpose of description these two basic
elements are used as examples.

Microforms of pure germanium and silicon are
cut from single long crystals grown from zone-puri-
ned metals. The crystals are first started as seeds
and pulled from their melts at about 1 mm per min.
Purified germanium, or silicon, must be innoculated
during crystal growth with precise amounts of dop­
ing elements, which either donate electrons to cross-
sections of the growing crystal or take electrons out.

phosphorus. Acceptors include boron, gallium, in-

Junctions of types p or n are created in the crystal
by letting pellets or spheres of the appropriate in-
noculant slide down a tube into the melt intermit-
tently. Microforms cut from such doped germanium
or silicon crystals grown by this method have either
n or p, or both, junctions grown into them.

Other devices use microformed wafers of pure
germanium or silicon to which the impurity is fused.
For example, a pellet of indium is placed on a wafer
of n-type germanium. The unit is slowly heated. At
156 C, the indium melts into a tiny blob. As the tem-
perature continues to rise the spot of germanium on
which the indium rests begins to melt and dissolve

Typical equilibrium diagrams
show the proportional weight
of each element of a binary al-
loy as it passes from the liquid
to the solid phase.
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the G U 0 I MAN company

To produce the alloy prescribed for a particular 
use the metallurgist must know the proportions of 
the elements at the temperatures where their mix­
tures solidify out of the melts. This data has been 
recorded as precisely as possible for many binary, 
ternary and quatenary alloys, and charted as equi­
librium diagrams.

Equilibrium diagrams for the systems lead-anti- 
mony and indium-gallium are shown. At 327 C lead 
starts to settle out of the Pb-Sb liquidus (melt). This 
is the alpha phase of the solidifying alloy. Anti­
mony, as shown at the other side of the diagram, 
has already been settling out of the liquidus as it 
cooled below 630 C. This is the beta phase. At 252 C 
the alloy is all solid. It is a homogeneous mixture 
containing 11Æ per cent lead with 88.8 per cent 
antimony. Similarly, the In-Ga system solidifies at 
15.7 G with 75.6 per cent gallium. Such equilibrium 
diagrams are considered guides to the engineer in 
calculating the quantities of the elements in the mi­
croform that he requires in the design of his semi­
cone ictor devices.

Military Capacitors 
MIL-C-25 Types 
CP70 Case Styles 
Temperature Ranges. 
—55°C to 4-85°C 
—55°C to +125°C

Miniature Feed-Through Capacitors
The Gudeman Feed-Thru Capacitor, Types 
271 and 272 is a three-terminal component 
designed to be used for R. F. Interference 
suppression in a manner similar to a low pass 
filter. The typical insertion loss characteristics 
for these Feed-Thru Capacitors when 
measured in a 50 ohm line are in accordance 
with MIL-Standard 220.

Dry Electrolytic Capacitors
ME and Printed Circuit Typeu
High Purity (99.99% ) Aluminum Foil
Low Leakage
Temperature Range:
—30°C to +85°C

Bathtub Type Military Capacitors 
MIL-C-25 Types
CP53. CP54. CP55 Case Styles
Temperature Ranges:
—55°C to +85°C
- 55°C to +125°C

“XC" Plastic Film Dielectric Capacitors
The development of the Gudeman “XC” 
capacitors provides high temperature capaci­
tors that have exceptionally high insulation re­
sistance. low power factor and low dielectric 
absorption. No voltage derating is required 
when used within a temperature range from 
—65°C to +165<’C. Bathtub and rectangular 
case styles also are available.

?rystal 
ite in- 
ermit- 
anium 
either

Tubular Laminated Cardboard Capacitors 
The 633 series gives extra protection in 
extremely high humidity applications. 
Paper Dielectric: Wax or Oil Impregnated 
Resin End Seals 
Temperature Range: — 40°C to +85°C
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up into the molten indium, making an indium-ger­
manium alloy. At 500 C, heating is stopped and the 
unit a lowed to cool slowly. The germanium settles 
out ol the alloy and grows back into its original 
n.type cry stal base. But the regrown spot of ger­
manium is now p-type because it is contaminated 
with some atoms of indium, and the whole germa­
nium wafer includes a p-n junction. The re-solidi­
fied indium blob on top makes an excellent connec­
tion to the junction.

Microforms used to alloy, solder, seal and other­
wise serve in semiconductor devices must be ex­
tremely precise in the quantities of elements of 
which they are made. Most must be so small that 
they can be manipulated only under magnifying 
glasses. A few of the shapes in demand are discs, 
pellets, spheres, washers. These measure from 0.001 
in. to 0.04 in. in thickness, from 0.1 in. up in diame­
ter. In, say, antimony-doped germanium an im­
purity diffusion layer can be created 1.5x10 4 cm 
thick.

In addition to the simple elements many alloys 
heretofore scarcely known and still incompletely un­
derstood are being used in research, engineering 
and development. Such alloys, to list only a few 
binary ones, include indium with gallium, tin, lead, 
germanium, gold, silver, zinc and cadmium; lead 
with arsenic and antimony; aluminum with gallium, 
and indium; tin with gallium, lead, bismuth, anti­
mony, gold, silver and arsenic; silver with arsenic 
and copper; gold with arsenic, antimony and gal-

Write for latest technical data Main Plant A General Offices
340 West Huron St., Chicago 10, Illinois, 
Mfg. Branches: Chelsea, Mich.; Sunnyvale and Monrovia, Calif.; Terryville, Conn. 

Manufacturers of Electronic Components for Military and Commercial Applications.
CIRCLE 239 ON READER-SERVICE CARD FOR MORE INFORMATION



New Materials bein

Ferroelectric Material

niqu

The next time you need rheostats, specify
the TOP line of quality

tion

RODUCTS

CIRCLE 241 ON READER-SERVICE CARD FOR MORE INFORMATION

THE CONSOLIDATED MINING ft SMELTING COMPANY OF CANADA LIMITED'

Metal Sales Division

CIRCLE 242 ON READER-SERVICE CARD FOR MORE INFORMATION

TRU-OHM . 
and service.

be a 
devic 
form

Triglycine sulphate, a new ferroelectric, provides a 
low switching voltage level as well as other qualities 
favorable for use in switching circuits.

ELECTRONIC DESIGN • July 15, 1957

Our prices include custom's duties, and we handle 
oil customs procedures.
For further information or quotations contact:

Other high purity TADANAC BRAND METALS
Zinc - 99.9995% Lead - 99.9998%

Bismuth - 99.9998% Cadmium - 99.9999%
Silver - 99.9999 %

America's Most Complete Line 
RESISTORS i 

A* the world's largest producers of | 
wire-wound resistors, we offer all I 
types of resistors from stock or to ’ 
specifications. Send us your require­
ments today I

TRU-OHM POWER RHEOSTATS are avail­
able from stock or to your exact specifica­
tions. Our regular line includes 25, 50, 75, 
100, and 150 watt power rheostats. Special 
rheostat shaft and bushing assemblies are 
available as required.

TRU-OHM POWER RHEOSTATS are available 
singly or in a tremendous variety of tan­
dem rheostat assemblies.

preformed to your specifications . . .

Indium or indium alloys in ingots, sheets, wire, 
powder, ribbon, and pellets (disc or spherical) are 
supplied by us to leading U.S. manufacturers of elec­
tronic equipment. These and other forms prepared to 
your own requirements ore available in two grades:

Tadanac High Purity - approximately 99.999% In
Tadanac Standard Grade - guaranteed 99.97% In 

As one of the world's leading primary producers of 
indium, we apply the services of our Research and 
Development Division to assist our customers in ob­
taining the full benefits of this most versatile metal.

PRODUCTS
I I I I ’ I ’ I Divisien of 

xHJLMJUJ Model Engineering & Mfg., Inc,

General Sales Office:
2800 N. Milwaukee Avenue, Chicago 18, III.

Factory Huntington, Indiana

Permits Low Voltage Switching

Exploration in the field of ferroelectrics 1 as re I 
suited in the discovery of a new ferroelectric mate I 
rial at Bell Telephone Laboratories. Known al 
triglycine sulphate, the material has a rectángula I 
voltage hysteresis loop and other desirable proper I 
ties which make it promising for switching circuits! 

and memory devices.
The most popular ferroelectric crystal previousK] 

investigated was barium titanate. Triglycine sul-| 
phate is superior in that it has a much lower coer-I 

cive field, 220 v per cm, thus permitting switching] 
with a lower voltage. Its polarization results in a I 
lower output pulse when switched, but the size oí I 
the pulse can be increased by increasing the areal 

of the switching electrodes.
Triglycine sulphate is stable chemically and does I 

not decompose when exposed to moisture or to the I 
atmosphere. It has adequate mechanical strength to I 
permit handling in thin sheets. Large single crystals I 

can be grown quite easily, and a number of large ! 
area slices can be cut from each crystal.

Repeated switching does not cause any fatigue ! 
and a given area will retain a given polarization I 
indefinitely without deterioration. Although heating 
beyond the Curie point causes the material to lose 
its ferroelectric properties, these properties are re 
gained in full when it is cooled.

The Curie point of the material is about 47 C 
However, by replacing some of the hydrogen atoms j 
with deuterium, easily accomplished when the 
crystal is grown, the Curie point can be raised to 
60 C. Switching time is of the order of 1 to 2 |Asec. 
Electrodes can be applied to a slice cut from a 
single crystal by evaporating thin strips of metal 
on each side of the slice, the strips on one side

POWER 
RHEOSTATS

We always ship on time 
and we expedite for you

YOU EXPECT SERVICE 
FROM TRU-OHM 
and you GET IT!

MANUFACTURERS Po wer Rheostats
Fixed Resistors 

Ad/usfableResiStors 
"iconohm" Resistors



NEW
NAME

The same company, the

same engineering and

manufacturing facilities,

the same world-wide

staff of field engineers,

but a new name more

pany and its products

On these and many other electronic products the name KIN TEL means outstanding instruments and television equipment.
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Advances in synthetic sapphire growing tech­
niques have produced large single crystals com­
petitive in price with sintered aluminas and quartz. 
A wide variety in sizes and shapes of rods, disks 
tubes, domes and balls of sapphire are now avail-

bein perpendicular to those on the other. Using 
this chnique, thirty or more strips per inch can 
be a plied, resulting in a memory or switching 
ciexit capable of storing 900 or more bits of in­
form tion on a square inch of crystal.

Representatives in all major cities , _ , .
i Write, wire, phone today for demonstration

ioush 
e su].

coer-

5725 Kearny Vil.ua Road • San Dieoo 11, California • browning 7-6700 
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Custom-Shaped Sapphire 
Melting Point of 2040 C

Properties include extreme hardness (next to 
diamond); resistance to acids and alkalies even at 
elevated temperatures; excellent electrical insula­
tion; strength at high heats; melting point of 
2040 C; excellent transmission characteristics of 
ultra-violet and infra-red wave lengths. These 
properties, together with the variety of shapes 
and sizes, allow such uses as windows and domes 
for infra-red systems and spacers and supports for 
electron gun structures.

Linde Air Prod. Co., Dept. ED, Div. Union Car­
bide, 30 E. 42nd St, New York 17, N.Y.
CIRCLE 244 ON READER-SERVICE CARD FOR MORE INFORMATION

Zirconium
Uses and Properties

Some sources of inionnation pertaining to the 
applications and the electrical, chemical and nu­
clear properties of zirconium and its alloys have 
been collected for those who may be considering 
the use of zirconium. Comprehensive sources of in­
formation are the following books and pamphlets:

American Society for Metals, Zirconium and Zir­
conium Alloys, Cleveland, Ohio, 1953.

U. S. Atomic Energy Commission, Zirconium, A 
Bibliography of Unclassified Report Literature 
(TID. 3304), Oak Ridge, Tenn, 1956.

H. K. Adenstedt, Physical, Thermal, and Elec­
trical Properties of Hafnium and High Purity Zir­
conium, Trans. A.S.M, 44, 949, 1952.

George A. Espersen, Zirconium for Electron 
Tubes, Foote Prints 18 (1), 3-7, 1946.

L. B. Golden, The Corrosion Resistance of Zir­
conium and Zirconium Alloys, A.S.M. Symposium 
on Zirconium and Zirconium Alloys, 305-326, 1953.

W. J Kroll and H. L. Gilbert, Melting and Cast­
ing Zirconium Metal, Journal of Electrochemical 
Society, 96, 156,-1949. '

C. F. Squire, and A. R. Kaufman, The Magnetic 
Susceptibility of Titanium and Zirconium, J. Chern. 
Phys, 9, 673, 1941.

( ourtesy of Columbia-National Corp., 70 Memo­
rial Drive, Cambridge 42, Mass., from whose hibli- 
ography on zirconium the above list was selected.

Vil.ua


HOW HERMISTORS CAN YOU

Effecting Time Delay 
with
GLENNITE® Thermistors

An extremely effective time delay can be accomplished using 

Glennite Thermistors. This method shows distinct advantages 

over conventional time delay methods because of Glennite 

Thermistors' small size, long life, ruggedness and the elimina­
tion of moving parts.

The Glennite Rod Thermistor in the above schematic 

regulates current flow resulting in variable or fixed 

delay due to resistance change in the thermistor.
Variable time delay can be obtained from a 

fraction of a second to several minutes.

Glennite Thermistors are available in bead, 
probe and wafer units, too — with some 

units offering temperature coefficients 

up to 7% per °C.

Comphte technical specifications 
and typical applications are in the 

Brochure T-l 00 . . . write for your copy.

FROM RAW MATERIALS TO COMPLETE SYSTEMS •••

G
 Thermistor Division

ulton Industri
METUCHEN, NEW JERSEY
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New Literature
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Electromagnetic Controls 249
Various types of electromagnetic con­

trols are discussed in a series of seven cata­
logs recently released.

The booklets cover the following items: 
complete information on automatic transfer 
switches (mechanically or magnetically 
held) (Catalog 57-S1); remote control 
switches which are used to control power 
and lighting circuits (Catalog 57-S2); mag­
netically held contactors available for all 
normally open and closed classes of load 
(Catalog 57-S3); relays (Catalog 57-S4); 
AC and DC Solenoids (Catalog 57-S5); 
electric plant controls. Material includes 
complete systems, paralleling, changeover 

and alternating panels, load demand con­
trols, battery chargers and adapter units 
(Catalog 57-S6); and Catalog 57-S is the 
complete electromagnetic control catalog, 
which combines the information on Cata­
logs 57-S1 through 57-S6. Automatic Switch 
Co., Florham Park, N.J.
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Electrolytic Capacitors

Catalog 1165 presents 12 pages of data on 
electrolytic capacitors. It also describes a 
long life capacitor which eliminates the ex­
cessive leakage current and rapid shelf 
aging problems of conventional electrolytic 
units. Industrial Condenser Corp., 3243-65 
N. California Ave., Chicago 18, Ill.

Design for RELIABILITY in SERVICE with Alien 
Components for PLVG-IN IMT C

New free Alden Handbook simplifies plug-in unit 
design. Presents complete line of basic components 
of tremendous flexibility for adapting yout equip­
ment to plug-in construction.

Request free 
"ALDEN HANDBOOK"

1 Unitize your circuitry in compact vertical planes 
• using Alden Terminal Card Mounting System.

PREPUNCHED TER- MINIATURE Eliminates wiring CARD-MTG. VW
M1.NAL MTG CARD TERMINALS for common circuits SOCKETS u

You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
Sockets .faked to accommodate »n» circuitry — making complete units ready for housing 
Components snap into unique Alden Terminals, are held ready for soldering.

Mount this compact vertical circuitry in neat
accessible ALDEN PLUG-IN PACKAGE OR CHASSIS

YOUR 
COMPLETED 

CIRCUITS 
FOR PLUG IN 
PACKAGE OR 

CHASSIS

ALDEN 
PLUG-IN 

PACKAGE
4 SIZES;
7,9, 11.

& 2O-P1N

4 SIZES:
ALDEN 

BASIC CHASSIS

Alden components provide standard plug-in or slide-in housings—with spares, your circuits become 
units replaceable in 30 seconds.

3 Use ALDEN BACK CONNECTORS and SERVE-A-UNIT LOCK
• for 100% circuit accessibility and 30-second chassis removal.

462-2

Al DEN BACK 
t ONNELTORS

SERVE A-UNIT 
LOCK drivi in

462 1

leads color coded and numbered

4 Assign to each unit tiny tell-tale ALDEN SENSING 
• ELEMENTS — to spot trouble instantly:

MINIATURE 
TEST JACK

.MINIATURE 
INDICATING 

LIGHT
MINIATURE 

IXI»I< A TING 
FUSE HOLDER

7139N. MAIN ST., BROCKTON 64, MASS

n n , 
HLDfN PRO DUCTS Lo

From Alden's Une of Ready-made Compon­
ents for Unitized Plug-in Unit Construction

CIRCLE 251 ON READER-SERVICE CARD FOR MORE INFORMATION
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Screw-Lock Inserts 258

S cifications on a complete line of 
scrc -lock inserts, including miniature size 
4-40 inserts are listed in Bulletin 738. The* 
eigh page booklet contains screw-lock 
sele< ion tables with thread sizes, insert 
num ers and sizes, and complete informa­
tion on drilling, tapping, gaging and 
installation. Line drawings and photographs 
illust ate proper installation of the inserts in 
both blind and through holes. Also pre­
sented are basic engineering design data, 
military specifications, classes of fit, and as­
sembly proportions. A variety of cost- 
cutting applications are cited. Heli-Coil 
Corp., Danbury, Conn.
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Servomotor-Rate Generator 259

Data Sheet 866 covers details of the 
model 18 MG 690 '660, a 60-cy, 115-v size 
18 servomotor-rate generator. The sheet 
contiiins specifications, characteristics and 
other design information. It is illustrated 
with dimensional drawings, a schematic and 
a torque-speed curve. Beckman/Helipot 
Corp., Newport Beach, Calif.

Precision Ball 260

Catalog that serves as guide to quick and 
simple selection of precision balls for prac­
tically any requirement and material speci­
fication has been released. Included is com­
prehensive data on such items as balls of 
aluminum, brass and bronze, carbon steel 
etc., as well as information on balls of spe­
cial materials.

It also includes material characteristics, 
type analysis, mechanical properties, tem­
perature characteristics, corrosion resist­
ance factors, machinability, finish, hard­
ness, accuracy, size, weight, and quantities 
per pound and per shipping container.

A special feature is the Quick Ball Se­
lector Chart that provides a comparative 
reference for all ball types. Hartford Steel 
Ball Co., 12 Jefferson Ave., W. Hartford, 
Conn.

Slip Ring Assemblies 261

Custom built slip ring assemblies are the 
topic of Bulletin S-2056. The four-page il­
lustrated text describes complete ring as­
semblies, brush holder assemblies and brush 
contacts. Superior Carbon Products, Inc., 
9115 George Ave., Cleveland 5, Ohio.

CIRCLE 262 ON READER-SERVICE CARD FOR MORE INFORMATION
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Precision Produced
MATERIALS for
TRANSISTORS 
and DIODES

• INDIUM electroplated base or 
precious metal wires.

• WELDED RIBBONS-Dissimilar 
metal ribbons of the same width 
can be continuously welded 
together, within close overlap tol­
erances.

• GOLD doped with N-type or 
P-type elements—supplied in the 
form of wire, sheet or ribbon and 
cut or stamped pieces.

Write lot

Products

1901 SIGMUNDCOHN CORP.
1 21 SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y.



Among the many requirements for heat ele­
ments in industry today are those demanding 
virtually one-of-a-kind design.

Since such requirements normally cannot be 
met by loom weaving, Safeway technicians 
fabricate odd-shaped elements individually. 
Circles, half circles, cutouts, tapers and com­
pound shapes are just a few of the elements 
fabricated in this fashion and produced in 
quantity.

Insulation, too, must provide for the charac­
teristics of specialized applications. Safeway 
produces a wide variety of elements insulated 
with neoprene rubber, silicone rubber or re­
inforced plastics.

If you have a problem that requires heat, let 
Safeway engineers study your requirements 
and—without obligation to you—submit an 
appropriate recommendation.

For your copy of a fact-filled folder, write to:

Safeway ~
680 Newfield Street • Middletown, Connecticut

CIRCLE 263 ON READER-SERVICE CARD FOR MORE INFORMATION
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Series 100

.25

Nos. 1221-122

How Small?
+.005 

025 - o*

FAI
STA

Seriei

200

.339

L50 1.50 —

Series 100 1 mfd at 35 volts

Series 200 5 mfd at 35 volts

Series 300 20 mfd at 35 volts

Now Available in Production Quantities 

(Write for bulletin 6.112)

FANSTEEL METALLURGICAL CORPORATION
North Chicago, Illinois, U.S.A. tersati0

CIRCLE 268 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Literature

Rectifiers and Capacitors 269

ReCap, a new bimonthly journal of information 
on rectifiers and capacitors is now available, free, 
to interested engineers. The first issue, a four pager, 
featured an article on types and characteristics of 
silicon rectifiers and contained other interesting ma­
terial on capacitors and rectifiers. Rectifier-Capaci­
tor Div., Fansteel Metallurgical Corp., North 
Chicago, Ill.

Aluminum Bus Conductor Handbook 270

“Alcoa Aluminum Bus Conductor Handbook/’ a 
comprehensive work of 280 pages, presents facts 
and figures relative to the engineering and main­
tenance of bus installations. It contains 69 graphs, 
tables and photographs and presents essential in­
formation. These is comparatively little text. Intro­
ductory material traces the development of alumi­
num’s use and its properties as a conductor. Subse­
quent chapters deal with conductor shapes, design, 
reactance, capacities, deflections, joints and short- 
circuit conditions, and the final sections explain im­
portant fundamentals o£ installation. A comprehen­
sive bibliography refers the user to technical articles 
on related subjects. Copies of the handbook may be 
obtained by writing on company letterhead to 
Aluminum Co. of America, 793 Alcoa Bldg., Pitts­
burgh 19, Pa.

Data Sheets for Motors & Timers 271

To assist customers in ordering special timers or 
motors, two bulletins have been released.

Bulletin MSlOl-Applications data sheet for mo­
tors and elapsed time indicators and Bulletin 
MS 102—Applications data sheet for repeat cycle 
timers and time delay relays. These bulletins are 
designed to aid customers in organizing their think­
ing when ordering or requesting information on any 
special units. All pertinent information is itemized 
with ample space to insert required values of cur­
rent, voltage or life. In many cases these bulletins 
can be used to replace lengthy problem statements.

These bulletins will help considerably in saving 
time and money for the customers, since much cor­
respondence can be eliminated by averting the 
omission of important details in the initial descrip­
tion of a timer.

The bulletin sheets are clearly blocked out with
readable size type and check-off blocks and charts
for laying out timing programs. A. W. Haydon Co.,
Waterbury, Conn.

you can 
depend upon

coaxial 
SWITCHES and RELAYS

Custom engineered 
to your Sp

Unsurpassed accuracy depend-
ability, based on over 15 years 
experience in producing precision 
parts for the Army, Navy, Air Force, 
and Atomic Energy Commission.

AUTOMATIC'S Coaxial Switches 
and Relays are available in the 
following types:

SPDT, DPDT, Crossover, Resistor 
Terminated, Multiple Position, 
and Rotary—-both continuous and 
index type.

All switches available for both man­
ual and relay operation, and may 
be ordered with all standard and 
sub-miniature fittings.

AUTOMATIC'S Switches and Relays 
are small in size., .light in weight... 
low m cost... and have excellent 
electrical characteristics.

Our engineers are always ready to 
discuss your special requirements

WRITE, WIRE, OR PHONE FOR FREE 
TECHNICAL INFORMATION

METAL PRODUCTS CORP.

319 Berry Street. Brooklyn 11, N. Y. • EVergreen 8-0364 
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Industrial Materials 279

trans-sonics

PRECISION TRANSDUCERS

for measurement and control of

* TEMPERATURE
-400F to + 2000F

~ PRESSURE 
0 5 to 0-5000 psi

to meet strictest requirements of

• TELEMETRY
• MISSILE RESEARCH 
• AIRCRAFT CONTROL

an example of
TRANS-SONICS 
ADVANCED INSTRUMENTATION

nd- 
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rce,

les 
the

OPEN TEMPERATURE 
PICKUPS

an- 
iay 
ind

The illustrated OPEN TEMPERATURE 
PICKUPS are precision platinum resistance 
thermometers capable of high-speed tempera­
ture measurement of gases and non-corrosive 
fluids. Resistance winding, supported on 
ceramic-insulated posts or on card, is in direct 
contact with environment to be measured, and 
can have time constants as fast as 50 milli­
seconds. Full-scale output voltages of 5 volts 
can be delivered directly to telemetry commu­
tation circuits. Units operate over selected 
ranges from —320F to +750F (—200C to 
+400C), with accuracy better than ± 1% of full 
scale and repeatibility of ±0.2%. Calibration 
Certificate giving precise 5-point calibration 
supplied with each unit. Stainless steel case 
and rugged construction withstand 1500 psia 
pressures, ±25 g vibration, and 60 g shocks 
under MII^E-5272A. Send for Technical 
Bulletins 1182 and \350.

TRANS-SONICS

Burlington. Massachusetts

0364 

D CIRCLE 278 ON READER-SERVICE CARD

This new industrial materials selection chart lists 
application and descriptive data on adhesives, coat­
ings and sealers. The chart, divided into six sec­
tions, includes reclaim rubber, synthetic rubber, 
latices, plastics, epoxy resins, and caulkings. Mir­
acle Adhesives Corporation, P.O. Box 466, New 
Philadelphia, Ohio.

High Density Felts 280
High density felts called Feutron “63,” are dis­

cussed in Technical Data Sheet No. 19—a 2-page 
comprehensive presentation now available.

The data sheet describes the general characteris­
tic of the new high density felts and diagrams their 
physical properties. Feutron ‘ 63” line felts provide 
an opportunity for technological advances in a wide 
range of applications, particularly where severe me­
chanical operating conditions are encountered.

Among the general characteristics of the new high 
density felts are high tensile strength, exceptional 
abrasion resistance and isotropic structure.

The bulletin declares that “special chemical and 
heat resistant properties are identified with the par­
ticular synthetic fiber of which the felt is composed.

A table in the data sheet refers specifically to the 
physical properties and performance characteristics 
of four representative samples included in the bul­
letin, which are illustrative of this class of mechani­
cally interlocked and chemically shrunk materials. 
American Felt Co., Eng. & Research Labs., Glen­
ville, Conn.

SRI Journal
The Stanford Research Institute has announced 

the first issue of its quarterly SRI Journal. The new 
publication will present scientific and economic 
subjects in comparatively nontechnical language. It 
is designed primarily for research directors and key 
executives in business, industry and government. 
Editor of the new magazine is Charles Scarlott, 
manager of the Institute’s Publication Department. 
The Journal will feature articles by staff members 
and guest contributors. It will contain selected 
papers presented at SRI-sponsored meetings. Inter­
pretive summaries of research projects will also be 
offered. The first issue contains illustrated articles 
on guided missile research; techniques for machine 
reading of Arabic characters printed in magnetic 
ink; the problem of X-ray crystal analyses and a 
new computer to shorten computation time; and 
other subjects. The Journal may be obtained for 
$1.00 a copy or $4.00 a year from the Editor, SRI 
Journal, Stanford Research Institute, Menlo Park, 
Calif.
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How High?

■STEEL
LICON 
TIFIERS
Small*
Wide Range** 
High Performance**

**How Wide?

How Small?
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Overall 3" diam» x 5" high — cylindrical cavity 1%

(less than IM oz. 
on heater windinj

Write Dept. A-765 
Full Information 
and Prices on Ovens

Electronics Division 
Woodside 77, N.Y.

e conn

Bulova
FAMED FOR PRECISION SINCE 1875

NEW AM-100

“MU

118

lulova pionee Itra-simplified means 
...the “multi-purpose” AM-100 oven.of

The AM-100 designed to yield exacting temperature control 
of more than just c stals. Now entire circuits, components
and/or complete sub-assemblies can be housed in one, low cost
unit...the highly st ble AM-100.
By eliminating costlier, less dependable, heavier and more 

 

complex temperature compensating factors, hundreds of design 
hours can be saved... circuits can be simplified and more 
dependable, and have a far wider operating range.

THE AM-100 FEATURES: Rugged lightweight construction

Long life expectancy due to triple insulation 
High stability ± .I’C.; Standard octal

plug-in (stud mounting available); The unit draws 20 watts on 
initial warm-up, ikith average dissipation of less than 5 watts 
after warm-up; Meets vibration tests per MIL-E-5272;

diameter x 2 % " mgh.
A complete line of precision Bulova ovens are available 
in quantity, with custom designed units available on request.

Bulova
watch company

CIRCLE 288 ON READER-SERVICE CARD FOR MORE INFORMATION



New Literature
Zinc Brightener 289 Battery Connectors

The advantages of a zinc brightener used 
in plating parts by the barrel method are 
discussed in data sheet released recently,

The new brightener makes zinc barrel 
plating more dependable and reduces cost 
by eliminating subsequent bright dipping. 
Smoothex, Inc., 10705 Briggs Rd., Cleveland 
11, Ohio.

Angle Meters 290

GB6 is a catalog with 32 pages of infor-1 
mation on battery connectors, powe con 
nectors, and heavy-duty connectors for in. 
dustrial and allied applications. Several 
series for aircraft, sound equipment, tele- 
vision and other uses are described Indi 
vidual units are listed with short specifica- 
tions, dimensional drawings and photo­
graphs. The booklet also contains explicit 
ordering information. (Lannon Electric Co,. 
3208 Humboldt St., Los Angeles 31, Calif.
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Various 250 deg. arc angle meters are 
discussed in a 6-page folder. Form 250 now 
available. The illustrated folder describes 
meters which feature scale lengths up to 
2-1/2 times as long as conventional meters 
and are accurate up to one per cent of full 
scale deflection. The meters are available 
from 2-1/2 in. up in ruggedized, shockproof 
and sealed cases. Long scale aircraft and 
special purpose meters are also illustrated. 
Hickok Electrical Instrument Co., 10525 
Dupont Ave., Cleveland 8. Ohio.

Special Transformers

In a 4-page brochure, a line of military 
and special commercial transformers is de­
scribed. High power pulse, hermetically 
sealed militan’ and open type military, sub 
miniature binary and toroids are some oi 
the ty pes discussed and illustrated. Manu 
factoring facilities are also outlined. Labo 
ratory for Electronics, Inc., 75 Pitts St., Bos 
ton 14, Mass.
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Write tor descriptive literature 
on this and other models, or 
wire or call for prompt reply 
on your application.

TC'2A
TEMPERATURE 
TEST CHAMBER

Statham
MODEL

the most versatile 
temperature test chamber 

for laboratory or production line...

for testing from —65°F to + 350°F 

$550.00 f o b. Los Angeles

The Statham Model TC-2A portable Temperature Test 
Chamber has proven its versatility and value for years 
in such fields as the Aircraft, Electrical, Electronic, 
Automotive, and Chemical industries. Its wide operat­
ing range —from —65°F to +350° F —makes this unit 
the ideal solution for ambient temperature tests in the 
Laboratory or on the Production Line. Accurate and 
adjustable temperature control, wide temperature range, 
and a product capacity of 600 cubic inches provide the 
most versatile test chamber available for your testing 
needs. Interchangeable extra trays may be ordered for 
greater convenience and elimination of loading delays.

Statham
DEVELOPMENT CORPORATION 
12411 West Olympic Boulevard, 
Los Angeles 64. California
GRanite 7-9157.
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Regulated Power Supplies 300298Ject jnic Counters

291 
f infoi, 
er con- 

or in­
severai 
L tele- 
L Indi- 
ecifica- 
photo-

A Í ur-page illustrated brochure shows a 
ine o electronic counters. Described are a 
jecac ? scaler with a counting speed of 
10 mt and a binary scaler with a counting 
¡peed of 20 me. Other decade scalers 
covert d have counting speeds of 20 kc, 
40 kc, 100 kc and 1 me. Three preset scalers 
of 20 kc, 40 kc and 100 kc counting speeds 
are also presented. Laboratory for Elec­
tronics. Inc., 75 Pitts St., Boston 14, Mass.
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Miniature Lighting Assemblies 299

Miniature lighting assemblies, lamp­
holders and components are covered in 16- 
page catalog just released. The catalog 
gives full application and dimensional data 
on the numerous units and parts, with de­
tailed illustrations and full information on 
special variations and modifications of 
standard assemblies.

In addition, a general discussion of the 
purposes and construction of the compo­
nent parts of assemblies is included, in 
order to facilitate the selection of the right 
unit for a given application. Drake Mfg. 
Co., 1713 W. Hubbard St., Chicago 22, Ill.

Magnetically regulated power supplies 
are the topic of a recent catalog. The four- 
page folder describes and illustrates fila­
ment power supplies, telemetering and 
strain gage power supplies, computer power 
supplies, and miniature magnetic amplifier 
power supplies. Also discussed is a transis­
torized line which includes de voltage regu­
lators and inverters. Gulton Industries, En­
gineered Magnetics Div., 212 Durham Ave., 
Metuchen, N.J.

Tiny Tantalytic Capacitors 301

GEA-6065C is a 4-page booklet on mi­
crominiature tantalytic capacitors for low- 
voltage, de applications where high capaci­
tance is needed. It contains a discussion of 
the units’ features, construction, uses and 
specifications. A table shows ratings and di­
mensions. Photographs and dimensional 
diagrams provide illustration. The brochure 
also contains photographs and short de­
scriptions of other capacitor types together 
with the numbers of bulletins where they 
are more fully treated. General Electric Co., 
Schenectady, N.Y.

WesCo’s specially designed 400 cycle solenoid may 
help you solve your problem. Proven on latest military 
aircraft and other selective high temperature applica­
tions. Model shown is continuous duty, weighs 1 pound, 
tested to 600° F. Mounting furnished to meet your needs. 
Remember, when you need a solenoid, think of WesCo.
AC Industrial Solenoids-full line. Write for brochure.
0C Aircraft Solenoids-send specifications or write for 
catalog.

400 cycle 
HI-TEMP
solenoid!

The trademark on 

millions of solenoids 
since 1927

WEST COAST 
ELECTRICAL MFC. CORP. 

233 W. 116th PLACE, DIVISION HO 
LOS ANGELES 61, CALIFORNIA • Plymouth 5-1138
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P.O. BOX 3941. NORTH HOLLYWOOD. CALIF.555 MAIN STREET, ACTON. MASS.
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TECHNOLOGY INSTRUMENT CORP.

Ganging up to 15 cups, without external clamps, and each individu­
ally phased at the factory also provided by the modular design 
technique. Up to 9 taps are available in a standard unit — others 
on special order. Ball bearing construction provides low torque.

With our new plant facilities and unique modular design techniques 
you now can get customized design without delay. Complete spec's 
on request

48 REQUIRE

FEATURES OF CUSTOMIZED STANDARD POTS
► High Temperature Operation... to 145 deg C
► Independent Linearity of ±0.25%
► Non-linear Functions

HEW MODULAR DESIGN

PRECISION POTENTIOMETER

PVR-09

• *S<A’Ä***

The newly developed TIC Type PVR-09 incorporates modular 
design for choice of cup depth, mounting, and number of taps. 
Modular design, a new concept in manufacturing, makes available 
all mounting types—servo, tapped hole, and threaded bushing 
... and, in addition provides extreme flexibility in customizing 
the standard PVR-09 design to the individual application.

PERTINENT
CHARACTERISTICS:
• STANDARD RESISTANCES: 

100 ohms to 150K
. ACCURACY OF TOTAL 

RESISTANCE:
±5% on standard, to ±1% 
on special linear functions

• INDEPENDENT LINEARITY: 
±0.5% of total R above 5K 
standard, ±0.25% on special

• Power rating:
1.25 watts at 85°C

• RESISTANCE FUNCTIONS: 
Can be provided with a variety 
of non-linear functions

• TAPS:
Up to 9 taps... with 10 deg

• TEMPERATURE RANGE:
-55 to +145 degC

• MILITARY
SPECIFICATIONS: 

Tested to MIL-E-5272A



a new measure

recision

MAHWAH, NEW JERSEY

CdccFor immediate attention, 

call DAvis 7-1123 
— or write today.

TOROIDAL
COMPONENTS

• r4 -,r : • r -

Whether it’s a complex 10 winding magnetic 
amplifier or a simple choke ... at Celco each toroid 
is precision-made. New core materials are used in 
Toroidal magnetic amplifiers, reactors and trans­
formers to achieve maximum performance.

At Celco, the proper matching of cores, winding, 
handling, impregnation, encapsulation and electrical 
history of the final assembly is carefully controlled 
to maintain the original design characteristics.

Our years of design, development, and produc­
tion know-how are available for application to your 
specific TOROIDAL problems.

CIRCLE 308 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Literature

Network Components 309 Metal Instrument Cases
Manufacturers of communications net­

works components recently established a 
regular monthly periodical entitled the 
Burnell Bulletin. The bulletin will contain, 
in addition to information about its prog­
ress, background material on the develop­
ment and application of their products. 
Burnell & Co., Yonkers, N.Y.

Part Winding Starters 310

Deep-drawn and fabricated metal nstru 
ment cases, boxes and military cases ar J 
listed in a 62-page catalog. Photographs 
specifications and descriptions are provide 
for a line encompassing more than 1400 
stock sizes and shapes. The catalog has a I 

section detailing plant facilities, among 
them product design, tooling, hydraulic 
presses, heliarc and spot welding, metal 
finishing, stamping and assembly. Zero Mf« 
Co., 1121 Chestnut St., Burbank, Calif.

Slow
A 

moti< 
tions 
type 
tent) 
a ph 
Brev 

I New

Bulletin GEA-6606 is a 4-page discus­
sion of part winding starters. It points out 
the advantages of two-thirds part-winding 
starting and gives application data and 
part-winding characteristics of a typical 
motor. It also gives nomenclature and price 
information on the CR7050 starter de­
signed for either one-half or tv* o-thirds 
part-winding starting of standard motors or 
special part-winding motors for reduced 
kva inrush. The booklet is illustrated with 
connection diagrams and photographs. 
General Electric Co., Schenectady 5. N.Y.

Control Cables

Publication of a brochure on supervisor 
and station control cables is announced. 
The illustrated literature introduces appli­
cations and gives complete technical infor­
mation and engineering specifications. It 
comes in a loose-leaf cover binder to which 
supplemental data can be added. For copies 
write on company letterhead to Ansonia 
Wire de Cable Co., Ill Martin St., Ashton. 
R.l.

CIRCLE 312 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN •

You can rely on the 
man from Insuline to 
meet your specific re­
quirements for plugs 
or jacks. Insuline's 
volume-produced 
standard or special de­
sign components are 
known for their quality 
workmanship. Orders 
filled promptly.

PLUGS 
OR 

JACKS

186 Granite St . Manchester. N H (Van Morman Industries. Inc )

insuline
CORPORATION OF AMERICA

July 15, 1957



Slow Worm Motor 318 Pulse Burst Generators 321

311
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A ne-page sheet is devoted to a slowr- 
moti< * worm motor. Standard specifica­
tions m speed, rotation, shaft length, and 
type f application (continuous or intermit­
tent) re listed. The sheet is illustrated with 
a ph> ograph and a dimensional drawing. 
Breve Products Corp., 601 W. 26th St., 
New York I. N.Y.

The operation, specifications and uses of 
the Models 2130A and 2150A pulse burst 
generators are comprehensively treated in a 
bulletin of two pages. The text is illustrated 
with a diagram and a photograph. Electro­
Pulse, Inc., 11861 Teale St., Culver City, 
Calif.

Epiradiator 322

VHF Transmitter 319

rvisory 
unced, 
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The Type T-20 building block 20-chan- 
nel vhf transmitter is described in Brochure 
ARCBR-T20-1. The unit is designed to op­
erate with either the ARC Type R-15 (108 
to 135 me) or ARC Type R-19 (118 to 145 
me) receiver to provide a 2-way vhf radio 
set. Aircraft Radio Corp., Boonton, N.J.

An epiradiator for remote evaporating 
and drying for infrared radiation is de­
scribed in folder just released.

The folder gives complete description of 
the model as well as specifications and 
characteristics of the item. Quartz Products 
Corp., P.O. Box 628, Plainfield, N.J.

Ballast Heating 323

Industrial Heating 320
Bulletin 1331, a reprint of article entitled 

“How To Braze Stainless" by H. M. Web­
ber, is now available. It discusses filler 
metals, wetting, fixtures, distortion, pro­
tective atmospheres, and other aspects of 
furnace brazing on stainless steels. General 
Electric Co., Schenectady 5, N.Y.

Basic heat problems and what causes 
overheating in fluorescent lamp ballasts are 
discussed in Bulletin 3328 entitled “Let’s 
Talk About Ballast Heating" now available.

The 8-page two-color booklet tells what 
happens to an overheated ballast and gives 
steps to avoid ballast overheating and as­
sociated problems. General Electric Co., 
Schenectady 5, N.Y.

TYPE 751

Fairchild miniature precision potentiometers meet 
applicable portions of MIL-E-5272A. These units, 
in Js" and Us" diameters, are available in standard 
or high temperature versions rated to 150° C. They 
are miniaturized without sacrificing performance- 
meeting the same requirements for accuracy and 
reliability as most standard precision units up to 
2" in diameter.

MINIATURE PRECISION
POTENTIOMETERS linear and nonlinear

Precision in linear and nonlinear functions is assured with 
each of these Fairchild miniature potentiometers. 0 5% stand­
ard accuracy, 0,25% special accuracy available. Type 751 
(%" dia.—weight .57 oi.) has a resistance range up to 75K 
ohms in mandrel, and TOOK ohms in card-type windings. 
Type 741 (I’/s" dia.—weight .77 oz ) has a resistance range 
up to 100K ohms in mandrel and 150 ohms in card-type wind­
ings. New external flush clamp bands, increasing the coup­
ling strength of ganged units by 200% over previous 
designs* permit ganging up to six standard units without 
increasing the overall diameter.

TYPE 741

Write for complete specifications. 
Dept. 140-83N, Fairchild Controls 
Corporation, Components Division.

EAST COAST 
225 Park Avenue 
Hicksville, L I., N

WEST COAST 
6111 E Washington Blvd 
Los Angeles, Calif.

PRECISION POTENTIOMETERS 
/f and COMPONENTS

CIRCLE 324 ON READER-SERVICE CARD FOR MORE INFORMATION
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WIRE
WITH

400 LIVES
New “High Strength” wire with 

400% longer “flex-life’ 
25% greater “tensile strength

THE PROBLEM: Stranded hook-up wire users are 
experiencing excessive, costly and often dangerous 
conductor breakage, especially in the smaller, more 

susceptible conductor sizes (32 AWG to 24 AWG).

THE SOLUTION: A brand new mechanically improved, non-magnetic 
conductor, called "High-Strength” wire, has been developed by 

Hitemp Wires, Inc. Exhaustive tests of the new wire, which meets 
the requirements of MIL-W-16878, show tremendous Improvement over conventional 

stranded wire... a truly amazing average of 400% longer "flex-life” and 25% 
greater "tensile strength." Another giant step by Hitemp to meet the growing 

needs of America’s industrial and defense requirements
Write today for full information!

WIRES, INC.
26 Windsor Avenue, Mineola, New York

CIRCLE 325 ON READER-SERVICE CARD FOR MORE INFORMATION



Cool Magnetrons and Power Tubes 

with Model D Blowers

60 CPS

OPTIONAL AIR INLET & OUTLET ADAPTORS & MOUNTING SURFACES

SEE Catalog Sheets: 
40102-31 
40102-32 

30102-3

INVERTED TYPE 505

0 50 100 150 200
AIR VOLUME-CFM

Shown is one of a family of high-pressure 

blowers designed for turbulent cooling in 

Commercial and Military Electronic 

applications where space is at a premium and 

long trouble free life is mandatory.

WOODSTOCK NEW YORK

RRTRHNHUlilUU MANUFACTURING CO.. INC

CIRCLE 328 ON READER-SERVICE CARD FOR MORE INFORMATION
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Reversible Geared MotorsErasing Machine 329 331

Miniature DC Solenoids 332

AND . . . REGATRONS

EASUREMENTS COMPANY
INCORtOIATÍD

K

SUPER-REGULATED

WRITE FOR BULLETIN

os main voltage control • 
controls • Standard 19-inch

Registered U.S. Patent Office. 

Patents Pending.
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New Literature

Superior electric erasing machine devel­
oped for the engineer and draftsman for 
taster erasing with minimum fatigue is de­
scribed in data sheet now available.

This new mcahine “Sovereign,” operates 
cool under heavy work conditions, has 
minimum torque and automatic stall con­
trol to protect drawings against damage 
from too heavy pressure. The machine is 
lightweight and easy to handle according 
to the data sheet. Frederick Post Co., 3650 
N. Avondale Ave., Chicago 18, Ill.

Components and Test Equipment 330

In Short Form Catalog 57-BG, all com­
pany products are listed: pulsed and CW 
magnetrons, TR and ATR duplexing tubes, 
microwave silicon diodes, silicon power 
rectifiers, flange-mounted and solderable 
waveguide pressure windows, waveguide 
components, and test equipment. Operating 
characteristics are tabulated for a majority 
of the products. Microwave Associates, 
Burlington. Mass.

MODEL 2I2A .. 0 fo 100 V de. 
100 ma. Regulation 0 1% or 0 02 
volt over entire range of load and 
input voltage. Weight 14 Ibt. 
3' 2 ■ H x 19" W x 9W D. Price 
SI 29.00 unmetered. Other modelt 
up fo 3 amps.

In the laboratory, on the production line, as part of original equip­
ment .. . wherever regulated d-c power is required ... tough, versatile 
REGATRONS give customized performance.

With a minimum of adjustment, REGATRONS will deliver the 
precise power your equipment requires. Here are the features that 
make it possible:

Full current capability at ill voltage settings up to 100 volts • Voltages up 
to 275 V at reduced currents ( Curves available on request ) • Positive 
ground, negative ground or ungrounded output • All control knobs readily 
accessible from front of instrument • Output connections either front or 
rear (optional) * Provisions for remote voltage adjustment • Vernier as well

Easily read panel designations • No tricky 
rack or table mounting • Low cost •

ARE REMOTELY PROGRAMMABLE
. . . the only remotely programmable power packs available.

CIRCLE 333 ON READER-SERVICE CARD FOR MORE INFORMATION

Four pages of details on type TY Z-CE 
reversible geared motors are availa de iB 
Catalog GR2. Attention is given to con. 
struction, mounting, base motors and dub 
cycles. Standard gear reductions and con
trol circuits are also considered. Tables 
show the performance characteristics ol 
individual units. Photographs illustrate the 
motors and drawings show dimensions and 
circuits. Barber-Colman Co., Small Motors 
Div., 1400 Rock St., Rockford, Ill.

Reference material on representative 
miniature and subminiature de solenoids is 
available. It is designed to aid in solenoid 
selection by type, size, voltage range, 
temperature range, force, weight and simi­
lar characteristics. The illustrated reference 
sheets give detailed data on nine units for 
data processing and memory units, com 
puters, avionics and other applications. PSP 
Engineering Co., 6058 Walker Ave., May­
wood, Calif.

TRANSISTOR 
POWER PACKS

ELECTRONIC DESIGN • July 15, 1957
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Precision Potentiometers 338
Recent modifications in specifications for 

the series AN and CN multi-tum potenti­
ometers are noted in Data Sheet 54-12. 
Issued to supersede Data Sheet 54-11, the 
2-page leaflet presents detailed technical 
information and illustrations to show di­
mensions and construction. Helipot Corp., 
Newport Beach, Calif.

332
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aids is 
lenoid 
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írence 
its for 

com­
s’. PSP
May-

psec Coaxial Cables 339

1957 catalog describing line of micro­
miniature coaxial cables and connectors is 
available. The 32-page catalog gives speci­
fications and applications of the items in­
cluded in the catalog. Microdot, Inc., 220 
Pasadena Ave., So. Pasadena, Calif.

Coaxial Terminations 340

The Model 369 Series of high power co­
axial terminations are the subject of a one- 
page data sheet. The leaflet presents photo­
graphs, power ratings, specifications, spe­
cial features and prices. The Narda Corp., 
160 Herricks Rd., Mineola, N.Y.

Shaft Angle Converters 341

Shaft angle converters for binary decimal 
coding are the topic of a four-page folder. 
The instruments’ features are discussed with 
special attention to code drums, brush 
blocks, and drive systems. Also provided 
are application suggestions, detailed per­
formance data, and a table showing specific 
characteristics of available models. The 
folder is illustrated with photographs and 
dimensional draw ings. Instrument Develop­
ment Labs., Inc., 67 Mechanic St., Attle­
boro, Mass.

Lubricant Testing Machines 342

Operating information on Model LFW-1 
Lubricant-Friction-Wear testing machine* 
are included in revised bulletin 106 now 
available.

Included in the bulletin is a more com­
plete description of the machine’s operation 
as well as a revised list of specifications in 
the English and Metric systems.

The details of the specimen holder and 
lubricant reservoir are shown in photo­
graph. Alpha Molykote Corp., 65 Harvard 
Ave., Stamford, Conn.

custom 
instrument 
cases

NO TOOLING COSTSI
using Zero stock deep drawn aluminum components

\6 basic sizes —each available 
in a wide range of depths

Many of today’s finest instru­
ments are housed in ZERO 
precision deep drawn alumi­
num cases. Smart buyers who 
check costs, design and qual­
ity choose ZERO. Custom de­
signed and engineered boxes 
at comparable low cost—send 
your prints or contact your 
local ZERO representative.

Write for 
complete new 
ZERO catalog

MANUFACTURING COMPANY
1121 CHESTNUT, BURBANK. CALIFORNIA

CIRCLE 343 ON READER-SERVICE CARD FOR MORE INFORMATION
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4 ACTUAL SIZE— INSTALLED

CAMLOC low cost/light weight

a 
quarter-turn 
fastener
for thin material and 
miniaturized

K equipment

5 F series
Camions new small, lightweight 5F Series features 
high strength-weight ratio plus the quick-operating 
advantages of a Vi-turn fastener... in a size and 
weight that offers new design possibilities to orig­
inal equipment manufacturers! Particularly adapt­
able to thin materials and miniaturized equipment 
like airborne electronics, small electro-mechanical 
and computing devices and communications com­
ponents. Ideal for attaching lightweight components 
in "packaged0 equipment or for holding access 
panels on everything from washing machines to 
radar units.

Offered In many 
different head styles. 
Complete specifica­
tions will be sent to 
you on request.

FASTENER CORPORATION
61 Spring Valley Road, Paramus, N. J.

WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 
FORT WORTH OFFICE: 2SOO W. BERRY ST, FORT WORTH, TEXAS

CIRCLE 344 ON READER-SERVICE CARD FOR MORE INFORMATION
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Shifter, any shaft angle can be converted into

PICTURE 
OF AN ANGLE

an accurate digital presentation like the pulse
train shown above. In such use, a separate high frequency 
counting signal is triggered by the reference wave and shut 
off by the phase-shifted wave, thus identifying a shaft angle 
with a finite number of pulses. Small size and simplicity 
make this Phase-Shifter ideal for use as an Analog-to-Digital 
Converter component.
This is only one of many applications for the DIEHL Pre­
cision Phase-Shifter which can now be provided for any fixed 
frequency between 60 cps and 4 megacycles.
By combining the very accurate DIEHL Size 11 Resolver 
with the appropriate circuitry, accuracies of better than % 
of a degree have been attained at frequencies up to 100 Kc. 
Phase shift is continuous through 360° and variation of out­
put amplitude is held to a minimum.
To insure that the accuracy of the Phase-Shifter is not in­
fluenced by external loading, a cathode follower circuit is 
incorporated in the network to isolate the unit.

Send for additional engineering data.

If) DIEHL MANUFACTURING COMPANY
Electrical Division of THE SINGER MANUFACTURING COMPANY 

Finderne Plant, SOMERVILLE, N. J.

other available components
AC SERVOMOTORS • AC SERVOMOTORS WITH AC TACHOMETERS • DC SERVO SETS 
AC SERVOMOTORS WITH DC TACHOMETERS • AC AND DC TACHOMETERS • RESOLVERS

BOOTH 1303-1957 WESCON, SAN FRANCISCO, AUGUST 20-23
CIRCLE 348 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Literature
Transfer Storage Counter 349 Systems Manufacture 351

Vacuum Tube Test 352

Ferrites 350
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"The Counter with a Difference” is a 6- 
page booklet about the Model TS-204 trans­
fer storage counter and two nf its acces­
sories. The text explains what the counter 
can do and how it operates. The accessories 
described are the RR-40 relay readout and 
the TS-204P power supply. The booklet is 
illustrated with photographs and a block 
diagram. A list of specifications is provided 
for all three units. Burroughs Corp., Elec­
tronic Tube Div., Plainfield, N.J.

The magnetic properties of three ferrite 
materials, Ferramic 0-2, Ferramic Q and 
Ferramic H, are discussed in separate 2- 
page catalog sheets. The ferrites are used as 
component parts in radio and TV sets, com­
puters, automatic controls and related elec­
tronic equipment. Pertinent information is 
presented in tables and graphs. Photo­
graphs are provided for illustration. Gen­
eral Ceramics Corp., Keasbey, N.J.

TESTER 
by TECHNITROL

This moderate-price instrument provides 
an invaluable means for the rapid, accu­
rate checking of semiconductor diodes 
for instability and irregularities. The dy­
namic curve, far more revealing than 

static testing, is quickly apparent on a 
scope screen, and is readily adapted to 

volume testing. In addition, the easy port­
ability of this 16-pound instrument makes

¡IIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIN

CIRCLE 353 ON READER-SERVICE CARD FOR MORE INFORMATION

Facilities for systems manufacture are 
outlined in an illustrated brochure of eigb 
pages. The booklet stresses the importance 
of systems to technological progress and 
names some areas where they have contrib­
uted immeasurably. It also cites a number 
of specific systems that the company has 
pioneered and supplied. McGraw-Edison 
Co., Thomas A. Edison Instrument Div,, 
West Orange, N.J.

A 16-page technical brochure deals with 
a quality test used in the production of 
power vacuum tubes. Entitled “ A Positive 
Grid Voltage-Space Current Division Test 
for Power Vacuum Tubes,” the paper was 
originally delivered by James A. Jolly at the 
1957 IRE Convention. Existing test tech­
niques and their limitations are discussed 
along with the new one. The description of 
the subject method is supported with sam­
ple data. Eitel-McCullough, Inc., San 
Bruno, Calif.

it ideal for field work as well as bench 
or rack installation.

Designed for use with a D.C.-coupled 
oscilloscope, the Technitrol Diode Tester 
provides for a varietj of back and for­
ward voltages, as well as independently- 
controlled ranges for hack and forward 
currents.
INIHIIIMIIIIIIIIIIIIIIIIIIIIIIN

CALIBRATED RANGES:

• Forward toi ta fie 

• Back voltage ... 

• Forward current 

• Reverse current

0—5 v.

0—100v.

0—50 ma.

ELECTRONIC DESIGN • July 15, 1957



fire Twister 358 Pulse Generator 361
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A1957 catalog and price list for the M-80 
¡re twister is now' available. The catalog 
fullx illustrated and contains complete 

)ecifica tions. The patented action of the 
ire twister is shown by a motion-picture- 
ce sequence of 9 photographs. Ralph C. 
obinson Co, 2516 Crosby Way, N. Sacra- 
iento 15, Calif.

The Model 2125B pulse generator is fea­
tured in a revised tw o-page bulletin. Illus­
trated with photographs and lock diagrams, 
the text provides design and construction 
data and detailed specifications. Electro­
Pulse, Inc, 11861 Teale St, Culver City, 
Calif.

Thermostats 362
iuick Reference Catalog 359

352
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A 16-page, 3-color Quick Reference Cata- 
)g which summarizes electrical and physi- 
11 data is now available. It gives this in- 
Dimation in a handy tabulated form for 
ich line of triodes, tetrodes, pentodes, 
vstrons, heat dissipating connectors and 
thers. Eitel-McCullough, Inc, San Bruno, 
!alif.

Two thermostats, the Model DI for ac 
systems and the DIO for de systems, are 
featured in Bulletin RT-803. Illustrated 
with photographs and diagrams, the four- 
page folder contains application and instal­
lation information. Robertshaw-Fulton Con­
trols Co., 110 E. Otterman St, Greensburg, 
Pa.

lulti-Turn Potentiometers 360

Two series of multi-turn precision poten- 
ometers with linearity tolerances of ±0.01 
er cent are specified in Data Sheet 54-23. 
he 2-page treatment is illustrated with a 
holograph, dimensional diagrams and a 
ibeled cutaway. Helipot Corp, Newport 
each, Calif.

Plastics: Fibre and Thermosetting 363

Various parts used in a wide range of in­
dustries are included in a folder entitled 
"Applications for Wear" now available.

Tlie illustrated pamphlet gives a com­
plete description of the parts, such as re­
tainers, washers, bearings and nibbing 
blocks and bushings. Spaulding Fibre Co. 
Inc., Tonawanda, N.Y.

CINTEL UTUAL and SELF INDUCTANCE BRIDGE

Accuracy:
± 1 % of full scale on all ranges
Frequency: 
1592 cps (cox 10,000)
Price: 
$625.00 f.o.b. N.Y.C.
Features:
• Direct reading of either mutual or self inductance.
• All measurements in form of 4-terminal network.
• Also measures very low resistance.
• Maintains accuracy at low values.
• L A R bahances are independent.
• Built -in oscillator and visual detector.

MODEL 1152

Coverage: 
0.001 uH to 30mH in 12 ranges 
100/1H to 3000D

CINTEL bridges simplify intricate measurements and all have wide 
range and high accuracy. Watch for future ads. Detailed specification 
on request.
exclusive Sales and Service in U.S.A.

MARCONI Instruments 44 New Street • Now York 4
CIRCLE 364 ON READER-SERVICE CARD FOR MORE inrORMATlUN
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NOW-
with the

CIRCUIT ARRANGEMENTS

Your Choice 

of 5 New

Actuators

ACRO
SUBMINIATURE

SWITCH ACTUAL SIZE

LEAF

With its small size, high capacity, and newly- 
designed actuators, the Aero Subminiature 
Switch meets an exceptionally wide range of 
design requirements . . . provides many new 
development possibilities for subminiature 
assemblies.

The electrical rating of this precision Aero 
Snap-Action Switch—10 amperes at 125 or 
250 volts A.C. or 28 volts D.C.—is over four 
times that of most switches this size. It will 
operate within a temperature range of from 
4-350° to — 80°F., and its terminal arrange­
ment permits wiring double circuits.

Switching mechanism is enclosed in a du­
rable plastic case which can also be adapted 
to various types of present actuators and 
mountings not shown.

Write for literature, engineering datal

FORMED LEAF

ROLLER LEAF

PLUNGER

TOGGLE

w€etfelta«r-FiÖöio
CONTROLS COMPANY

ACRO DIVISION
Columbus 16, Ohio

In Canada. Robertshaw-Fulton Controls (Canada) Ltd., Toronto 
CIRCLE 365 ON READER-SERVICE CARD FOR MORE INFORMATION
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FREQUEN

MC!
DIRECT READING

SPECIFICATIONS:
FREQUENCY MEASUREMENT

Computer*Measurements Model 226A

UNIVERSAL COUNTER-TIMER

Frequency Range: 
0-1,000,000 cycles 
per second 
Input Sensitivity: 
0.2 volt rms.
Direct-coupled input
Time Bases: 
0.00001,0.0001,0.001, 
0.01,0.1,1 and 10 
seconds. Also can use 
external 0-1 me standard
PERIOD MEASUREMENT
Period Range: 
10 microseconds 
to 1,000,000 seconds
Frequency Range: 
0.000001 cps to 100 kc 
Input Sensitivity: 
0.2 volts rms.
Direct-coupled input

UJ

OUTSTANDING FEATURES:
★ Three independent, adjustable trigger 

level controls permitting full rated 
sensitivity at any voltage level between

300 and 300 volts.
★ Small voltage increments ordinarily 

masked by attenuators are easily selected.
★ Simplified color-coded controls and 

direct read out in kc, me, sec, or millisec, 
with automatic decimal point indication.

★ Oscilloscope marker signals facilitate 
start and stop trigger level adjustment 
for time interval measurement of 
complex waveforms.

A brand new. multi-purpose instrument 

provides precision measurement of frequency, 

frequency ratio, period (1 frequency) and 

time interval Pressure, velocity, acceleration 

displacement, flow RPS, RPM, etc , may 

also be measured with suitable transducers 

The 226A may be used as a secondary 

frequency standard

price $1,100.00

Gate Times:
1 and 10 cycles of 
unknown frequency 
Standard Frequency Counted:
1 me; 100, 10, 1 kC;
100, 10. 1 cps; 
external 0-1 me.
TIME INTERVAL MEASUREMENT
Range: 
3 microseconds to 
1,000,000 seconds 
Start and Stop: 
Two independent or 
common channels 
Positive or negative slope 
Input Sensitivity: 
0.2 volts rms.
Direct-coupled input
Standard Frequency Counted: 
1 mc; 100,10, I kc;
100,10,1 cps; external 0-1 me.
GENERAL
Stability:
Short Term: 1 part in 
1,000,000 (temperature* 
regulated crystal)

TJ 
■ m

Long Term: 3 parts per million per week
Display Time: Automatic: Continuously variable 0.1 to 10 seconds
Manual: Until reset
Input Impedance: 1 megohm and 50 mmf
Trigger Level: Continuously adjustable from —300 to +300 volts
Accuracy: ± 1 count ± stability
Secondary Frequency Standard: 1 me; 100,10,1 kc; 100,10, and 1 cps
Dimensions: 17" W x 8%" H x 13V4* D approx.
Weight: 50 lbs. approx.

MODEL 22SA 0 cps-100 kc

UNIVERSAL
COUNTER-TIMER
Similar to the 226A in design.
Featuring Oscilloscope Trigger Level 
Marker Signals; Three Direct-Coupled
Inputs of 70 mv sensitivity; Direct 
Reading, Automatic Illuminated Decimal 
Point. Easily portable. Price: S840 OO

Data Subject to Change Without Notice —Prices P.Q.B. Factory

Write for complete specifications on the new 226A and the 225A models and the 
complete CMC line of electronic counting and controlling equipment.

Computer-Measurements Corporation
5528 Vineland Avenue, North Hollywood, Calif. Dept. 76-G

CIRCLE 368 ON READER-SERVICE CARD FOR MORE INFORMATION
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Aluminum Foil Wire Markers 369

A line of aluminum foil wire markers 
are shown in a two-page, three color bulle­
tin now available. The bulletin illustrates 
two sizes of foil markers furnished 
quick-release dispenser cards: 1-1/2 
markers for wire over lz4 in. O.D. 3/4 
markers for wire under 1/4 in. O.D.

Special properties of instant-sticking 
aluminum wire markers are listed: resists 
temperatures to 350 F; precut, fits and 
sticks to any wire diameter; resistant to 
soil, grease and water; protected by trans­
parent coating against rubbing and abra­
sion, and no tools required.

Although any size, shape, color or sy m­
bols can be specified, a large stock of items 
for immediate delivery are listed. These in­
clude solid numbers, letters, symbols and 
machine tool control symbols; consecutive 
numbers or letters; or consecutive numbers 
or symbols repeated in sequence.

The catalog also contains ordering in­
formation, list of prices and delivery’ time. 
North Shore Nameplate Inc., 214-27 North­
ern Blvd., Bayside 61, N.Y.

« —zr

SNAP ACTION
IN EVERY CONTROL PHASE

"SNAPPER” 
GLASS RELAYS 

—for commercial ap­
plications, single­
pole double throw 
snap action.

CKCU 371 ON READER-SERVICE CARD FOR MORE INFORMATION

with the Curtiss-Wright "SNAPPER 
Thermal Time Delay Relay MAGNETIC 

AMPLIFIERS 
—custom-designed to 
fit complex require­
ments 
systems.

Computers, broadcast equipment, motors, lighting systems, 
missiles, industrial controls — for electrical circuit appli­
cations involving time delay that demand unfailing action 
in every control phase, more and more design engineers 
specify “SNAPPER” Relays by Curtiss-Wright. These 
reliable relays eliminate chatter with positive snap action, 
have single-pole double throw contacts and a wide temper­
ature range (—65“ +100°C). Preset time delays from 3 
seconds to 3 minutes are now available in metal envelope 
and from 5 to 60 seconds in glass envelope. Write for our 
new detailed data sheet with complete application in­
formation.

"MEMORY” 
RELAYS 

—thermally operated 
bi stable time delay 
relays with two sep­
arate heater circuits.

Multi-Channel Oscilloscopes 3

A 28 page catalog describing comp] 
line of standard 2- and 4-channel oscill 
scopes, strainalyzers and related dc amp 
fiers has been issued.

A number of new items are featur 
including a 2-channel scope with a verti 
frequency range from dc to 15 Mc, and 
4-channel recording oscilloscope and m 
ter strainalyzer for which input informati 
may be either differential or single-end

A portion of the catalog is devoted 
explaining the advantages of multi-ch 
oscillography in which non-recurring even 
may be triggered and the resulting ope 
tional phenomena recorded simultaneous 
from different points. In addition to 
2- and 4-channel units described in 
catalog, other types including oscillosco 
providing up to 8 channels or beams on 
single-tube face are described. The catal 
lists multi-gun cathode ray tubes in 2-, 3- 
4-, 5-, 6-, 8- and 10-gun types. DC pow 
supply units are likewise included. El 
tronic Tube Corp., 1200 E. Mermaid Lan 
Philadelphia. Pa.
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xpar sion Joints 378
Rubber, neoprene and Teflon-lined ex-

»ansion joints, their construction, sizes and
37| ses are fully explained in Bulletin AD-137 

ow available. The bulletin describes the 
haracteristics and limitations of seven 

oscillj ■ Qf expansion joints and flexible cou- 

'1 »lings; 1 spool-type expansion joints; 2 rec-: ampi

angular-type expansion joints; 3 U-type 
d^e jints; 4 all-Teflon expansion joints; 5 ^Jl- 

' 'eflon flexible couplings; 6 full-faced Teflon 
, and
id ma$ 
miatioa
-endet 
oted t»

ined rubber expansion joints; 7 expansion 
oints for use on piping and flanges.
It also explains that rubber expansion

oints are suitable for handling hot or cold
i vater, mild acids, mild caustic solutions, 

irine, air or exhaust steams, at tempera-
( events 
, open-

ures to 180 F.

I« !‘l| •

to 
in

Rectangular type expansion joints as de­
cribed in the bulletin are available for
ipplication in pressure and vacuum lines.
jese joints are frequently used as a flex- 

oscopei connectjon between a turbine and a
as on
catalog 

> 2-, 3-, 
power

. Ek
1 Lane,

sondenser.
Metal retaining rings made of galvanized 

teel to be placed behind and directly

against the inner face of each of the rub­
ber flanges at the ends of the joints, as 
well as Teflon expansion joints and flexible 
couplings for fluid process piping handling 
strong acids, caustics, foods and haloge­
nated solvents are outlined in the bulletin. 
Garlock Packing Co., 408 Main St., Pal­
myra, N.Y.

Aircraft Thermocouples 379
MC-153 is a four-page brochure on ther­

mocouples for aircraft gas turbines and 
related aviation applications. It describes 
and illustrates the four basic junction tips— 
exposed junction, twisted-exposed junction, 
stagnation tip and sampling tip—which pro­
vide the starting point for hundreds of 
model variations. Performance data and 
accuracy limits for the thermocouple wire 
material at temperatures up to 2000 F are 
listed. Also illustrated are the various de­
sign features which assure the reliability 
and accuracy of the thermocouple series in 
aviation service. Fenwal Inc., Aviation 
Products Div., Ashland, Mass.

new...

when ordinary instruments are 
too big or inadequate ...

low-level BUILD-IN AC VTVM 
with BUILT-IN ISOLATION

■ Designed especially for 
■ panel-mounting, new model
■ 109-1 reads down toJ 20 microvolts on its 1 MV 

m range with 2% full-scale 
■ accuracy, 10 megs input 
■ impedance,response
] 20-80,000 cps... features
’ signal & power circuits

and mounting 
panel all isolated from each 

other... extreme stability 
— wide line variations do not affect 

accuracy... calibration of gain 
and frequency response without 

removal from panel... 
feedback and printed circuitry for 

exceptional reliability and 
simple maintenance...

size 5Vi" h x 9%" w x 9%" d — 
panel fits standard modular-type 

consoles. Price $199.50 
Write for FREE “how-to” 

ENGINEERING GUIDE on Trio’s complete 
line to Dept. ED-7, Trio Laboratories, Inc., 

Seaford, N. Y.

trio
.. the leader in panel-mounting 

electronic instruments
CIRCLE 3EO ON REAOER-SERVICE CARO FOR MORE INFORMATION
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Between Concept and Configuration 
...Save Time and Money with

PHILBRICK PLUG-IN DC

AMPLIFIERS
1 1

AVAILABLE FROM STOCK

For a wide variety of instrumentation and control problems, 
you can facilitate rapid set-up with either one or both of these 
octal-based, plug-in Philbrick Amplifiers. Operational Amplifier, 
Model K2-W, features balanced differential inputs for minimum 
drift and maximum utility. In conventional applications, overall 
amplifier characteristics are affected solely by the feed-back net­
works, since the two inputs can be maintained at nearly equal 
potential with appropriate feed-back circuitry.

For more critical applications where long term drift must be 
reduced to sub-millivolt levels, Stabilizing Amplifier, Model K2-P, 
is paired with Model K2-W. Write for free 28 page Plug-In Ampli­
fier Applications Manual-13-

MODEL K2-W
GAIN: 15,000 de, Open Loop
POWER REQUIREMENTS: 4.5ma @ ±300 

vdc, 0.6 amps. @ 6.3v
OUTPUT RANGE: +50v. to -50v. at 1 ma
RESPONSE: 2 Microseconds rise time, 100 

Kc with unity feed-back
PRICE: $24.00 Postpaid

• MODEL K2-P
GAIN: 1,000 de

POWER REQUIREMENTS: 2.4 ma @ +300 
vdc, 0.45 amps. @ 6.3 vac, 60 cps

INPUT IMPEDANCE: 1 Megohm 

STABILITY: Below 100 Microvolts 

PRICE: $60.00 Postpaid

GEORGE A. GAP/R

PHILBRICK
RESEARCHES, INC.

230 Congress Street, Boston 10, Massachusetts HUbbard 2-3225 
CIRCLE 381 ON READER-SERVICE CARD FOR MORE INFORMATION
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Acetrim* sub-miniature 

precision n/MM£fiS 
fyrPtwmt) c/Mttrrt

Here is another new development 
from Ace . . . sub-miniature precision 
wire-wound trimmers especially for 
printed circuits. Designed and pro­
duced to meet your tightest specifica­
tions, the new Acetrim has flat or 
round tabs to facilitate production 
assembly. Just plug into printed cir­
cuit board, secure, and dip solder.

Ace delivers reliability

% " size 
10 ohms to 150 K 
weight ’4 ounce 
power 2 w. @ 60° C. max. 
temperature to 125° C. 
sealed, moistureproofed, 
anti-fungus treated 
withstands severe shock, 
vibration, acceleration 
meets applicable Military 
specs

Modern mass production techniques assure delivery to meet your sched­
ules . . . rigid quality controls assure highest standards of performance­
reliability.
Acetrim — write for Technical Data Unit 
#^65.
Acepot — Vi" sub-miniature precision 
wire-wound linear potentiometers from 
10 ohms to 25OK. ±3% standard. Write 
for Technical Data Unit #564.
Nonlinear Acepot —- precision wire­
wound nonlinear potentiometers for

*lrod»marki applied for

sine-cosine and square-law functions and 
other applications. High resolution, close 
conformity. Write for Technical Data 
Unit #572.
X-500 Acepot — V2" sub-miniature pre­
cision potentiometers for extreme tem­
peratures of —55° C. to 150° C. 10 ohms 
to 25OK. Write for Technical Data Unit 
#571.

ACE ELECTRONICS ASSOCIATES, INC.
Dept. ED, 101 Dover St. • Somerville 44, Massachusetts

Talaphon«: SO menci 6-5130 Engineering Representatives in Principal Cities
C.RCLE 388 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Literature
Plastic Molding Presses 389

The redesigned 741 series of fully auto­
matic compression presses for plastic mold­
ing is described in the 12 pages of Catalog 
200. Complete specifications are given for 
the series’ four models of 50, 75, 125, and 
200 tons capacity. Photographs illustrate 
the 741 presses and a variety of other 
equipment. F. J. Stokes Corp., 5500 Tabor 
Rd., Philadelphia 20, Pa.

Antenna Systems 390

Engineering improvements to existing an­
tenna systems equipment are noted in a 
32-page new product supplement. Illus­
trated and described are a 9-in. uhf trans­
mission line, a 3 1/8-in. uhf coaxial switch 
and an expanded line of microwave and 
communication antennas. Full specifica­
tions are given for all items. The booklet 
also contains ordering information and a 
price list for all available products. An­
drew Corp., 363 E. 75th St., Chicago 19, Ill.

foci 

Bimetal Thermostats A Bu

Snap-acting Type M bimetal thcrmost«°r a 
are the subject of Bulletin 6000. Herm«”' 
cally sealed and semienclosed types for 
in appliances, fire alarms, television 
stations and communications equipmM^ 
are described. The 2-page bulletin cov Jor V 
principles of operation, construction [J 
tures and ratings. It is illustrated wiffon 
photographs showing different types I 
available terminal arrangements and «^0 
closures. Stevens Mfg. Co., Inc., LexingtJ A1 
Ohio.

tho 
Electric Brake sArtic

An electric brake for ac motors is extArdC 
sively discussed in a folder of 4 pages. 
advantages, operation, performance, spe(ffre 
fications and uses are covered. TypiM 
performance curves and a labeled phfw* * 
graph showing construction are among M 
illustrations. American Rectifier CorWpi 
Selenibrake Div., 95 Lafayette St., Nel j 
York 13, N.Y. I

■tior

HOLD
and 

COOL 
transistors 

with

BIRTCHER TRANSISTOR CLIPS
MATERIAL
Beryllium #25
FINISH
Choice of Cadmium, 
black Ebanol or 
Silver plated
SIZES
Available in sizes and 
modifications to 
retain all popularly 
used transistors.

Writ* for catalog

Birtcher TRANSISTOR CLIPS perform the dual 
functions of retention and heat reduction. Being 
made of tempered beryllium copper they grip 
the transistor securely and hold it in place even 
under severe conditions of shock and vibration. 
In addition they provide an excellent heat path 
to drain off heat into chassis or heat sink.

THE BIRTCHER CORPORATION

INDUSTRIAL 
DIVISION

4371 Valley Blvd., 
Los Angeles 32, Calif.

CIRCLE 393 ON READER-SERVICE CARD FOR MORE INFORMATION
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398)C T nïng Motors

f s for n
n i 

quipme

Bulletin AWH MO 805, a 2-page insert 
or a current catalog, contains information 
>n the function of the three basic de timing 
notors. The construction of the 5300, 6300 
md 7600 series motors are analyzed in de- 
ail. Featured is a cutaway view of the mo-

are among the services announced in Bul­
letin 571. The four illustrated pages also 
give details on facilities and on completed 
projects. Strand Engineering Co., 1354 N. 
Main St., Ann Arbor, Mich.

Magnetic Tape Recorders 401
¡•i cova 
'Ron (e 
Rd 
types [

tor winch shows the rotor construction and 
¡elf-contained gear train. The A. W. Hay- 
on Co., Waterbury, Conn.

Copper Circuit Residual Noise 399
æxingtoi Availability’ of a four-page technical pa- 

jer, “Measurement of Residual Noise in 
chopper Circuitry,” is announced. The 
irticle covers the theoretical as well as the

An entire line of professional magnetic 
tape recorders is listed in a catalog of 15 
pages. Complete specifications and perti­
nent information are presented for all mod­
els. Also described with specifications are a 
variety of accessories and modification kits. 
Photographs are provided for illustration. 
Magnecord, Inc., 1101 S. Kilbourn Ave., 
Chicago 24, Ill.

is exta ?rac^ca^ residual noise in a
pages ] var^etF c^°PPer circuitry. Included 

ire graphs and information helpful to de-
Centerless Grinder 402

sign engineers. James Vibrapowr Co., 4050'p . ign eiimiivoa. james viuiapuw 

‘d phoí Chicago 18, 111.

rnong 6
r Corp Jesign Services 400
St., Ne Electronic research and development, 

equipment and systems designing, produc- 
don engineering, and pilot model building

The TG-12 centerless grinder is the sub­
ject of a 4-page illustrated brochure. To 
a detailed description of mechanical fea­
tures is added a complete specifications 
table which gives data on capacity, equip­
ment and accessories. Various types of 
grinds are illustrated. Royal Master, Inc., 
State Highway No. 23, Riverdale 1. N.J.

the
A. W. HAYDON COMPANY offers a 
COMPLETE LINE of STANDARD and CUSTOM 
DESIGNED TIMING MOTORS and DEVICES!

the 

nut

requirement- if 

ba-ir design is 

adequate.

fur military and in­
dustrial uppliration-. 

Illustrated are -ome 

of these units . . . 

any ean be modified 

to meet your apecifie

Long a pioneer in the timing field, The A. W. 
• Haydon Company is prepared to assist you in 
e solving your timing and control problems.

When a solution to your problem has been 
• reached, The A. W Haydon Company is pre- 
• pared to follow through with production geared 

to meet your requirements whether a basic 
• timing unit or a highly specialized device is 
e required.

the A. W. HAYDON COMPANY

Shown below is the now catalog of the A. 
W Haydon Company describing all of the 
basic types units available and many 
of the “special”. Included in this 25-page
catalog are 60 holographs of timers, 30 

dimensional 
drawings, and 
50 charts and 
diagrams. This 
complete cata­
log will be sup­
plied on request.

WATE USURY 20, CONNECTICUT
Design and Manufacture of Electro-Mechanical Timing Devices

CIRCLE 403 ON READER-SERVICE CARD FOR MORE INFORMATION, 1957
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NEW PHAOSTRON 

EXPANDED SCALE 
AC Voltmeter

VOLTS

Available now from 
distributors in 90V 
to 130V Range, 
AC Rectifier Type 
in all custom 
styles and sizes.

3W or 4W 
rectangular meter

NOW!...all the time-tested 

proven Phaostron features 

PLUS UP TO TEN TIMES 

GREATER READABILITY 

for greatly increased 

accuracy!

volts

6" 
rectangular 
meter

2 Mi" 
or 3MT 
round 
meter

All meters available with illuminated 
dial on special order

Phaostron has squeezed down that 
under 90V portion of the scale, 
where you don’t need it, and 
expanded the section where you 
need it most—between 90 and 130V. 
Precisely calibrated 1 volt scale 
increments provide greater reading 
accuracy. Wide frequency range— 
linearity—true rms reading and 
Phaostron craftsman construction.
Phaostron Custom Panel Meters, with 
expanded scale, 90V to 130V AC rms, 
are available in nine types at your 
Parts Distributor. For special require­
ments for AC or DC expanded scale 
meters, write to Product Development 
Dept, for practical recommendations.

PHAOSTRON
PHAOSTRON INSTRUMENT I ELECTRONIC CO., 151 PASAOENA AVE., SOUTH PASAOEHA, CALIF. 

CIRCLE 404 ON READER-SERVICE CARD FOR MORE INFORMATION
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counts

Type 204WI—Same as the

130

□ Bulletin 203W2
NAME____

COMPANY.

ADDRESS.

CITY.

when
reliability

RCA RELAYS
RCA Relays . . . for outstanding performance in high-speed, high- 
altitude missile and airborne applications, and critical require­
ments in industry.
Miniaturized . . . hermetically sealed . . . RCA Relays are highly 
reliable under the most severe operating conditions. RCA Relays 
meet and exceed the electrical and mechanical requirements of 
MIL-5757C and MIL-R-25018 (USAF).

GENERAL FEATURES
Rated for operation up to 80,000 feel. • Insulation resistance belter than 1,000 

megohms after life test. • Balanced rotary motors for utmost stability. • EXCLUSIVE— 
Specially crimped mounting Ranges provide positive contact at four points on the mount­
ing surface!

Use the coupon for more information about RCA Relays.

RCA Type 203W2—A 6 PDT miniaturized DC relay weigh­
ing less than 414 ounces. Withstands 50g deceleration shock 
for 11 milliseconds, and 10g vibration shock from 5 to 2,000 
cps. 26.5 volts DC coil. Contact rating 2 amperes. Life 
100,000 cycles plus! Contact resistance less than .050 ohm. 
Contact Bounce less than 300 microseconds. R.F. Capacitance 
less than 3 ju^f- Temperature Range —55° C to +85° C.

RCA
203W2 except: Temperature Range 
—65° C to +125° C. Lises a "getter” 
which absorbs organic vapors and 
keeps contact clean—contact resis­
tance will be lower after life test than 
before life test.

RCA Type 2O6W1 —A 2 PDT miniaturized DC relay weigh­
ing less than 0.9 ounces. Temperature Range —65° C to 
+ 125° C. Like the 204W1 uses a "getter” to keep contacts 
clean. All other characteristics the same as the 203W2 except 
resistance to vibration shock from 5 to 2,000 cps is 15g.

ILLUSTRATIONS ARE TWO-THIRDS ACTUAL SIZE.

RADIO CORPORATION of AMERICA
COMPONENTS DIVISION CAMDEN. N.J.

MAIL NOW FOR RCA RELAY DATA

RCA Components Division, Sect. E-84-PP, Camden, N.J.
Bulletin 204W1 □ Bulletin 206W1 □ Have RCA Rep call

__________________________________ ___ _______________________ STATE________________________

CIRCLE 408 ON READER-SERVICE CARD FOR MORE INFORMATION



New Literature

Hardener for Epoxy Potting 409

An epoxy hardener, for potting and en­
capsulation of electrical and electronic 
components, that gives good heat distortion 
temperature, excellent toughness, and long 
pot life is described in bulletin No. 13.

The physical properties of Sonite No. 41 
and the physical and electrical properties 
of epoxy resins cured with this material are 
discussed.

Bulletin No. 13 gives detailed aspects of 
the properties, handling, mixing, pot life, 
and curing procedures when using Sonite 
41. In addition physical properties of the 
cured castings, such as flexural strength, 
tensile strength, and resistance to impact, 
and electrical properties at various tem­
peratures, such as surface resistance and 
volume resistivity. The physical data con­
cerned with using Sonite 41 in glass cloth 
laminate systems are also included. 
Smooth-On Mfg. Co., 572 Communipaw 
Ave., Jersey City 4, N.J.

load 

I A |<lev<

AC Output Accelerometer 4]»ment
Technical Data Sheet No. 20 providing 

engineering data, illustrations and infojture 
mation on special design and operation« ture 
features of the Model GAL ac ou'r « 
accelerometer. The four-page bulletin aj^g ] 
describes a modified version of the instr J, . n. 
ment, designated the Model GHL, whiJmen 
contains an internal thermostatically-opeil 
ated heater for extremely close dampjjpgpf 
control. Genisco, Inc., 2233 Federal AveJmac 
Los Angeles 64, Calif. I'loi

ICus
Electronic Parts Catalog 41h *(

A 1957 electronic parts catalog has beJa 
released. Prepared by Electronic Publish! on 1 
ing Co., Inc., the catalog contains 224 pages! W 
listing components, equipment and othm11161 
electronic products for industrial and sen|1nJe 
ice use. Warren Radio Co., 1002 Adan I 
Toledo, Ohio. Imat

■ plas 
■ van

For exacting, high-temperature applications. • •

CERAMASEAL LEAK-TIGHT TERMINALS
Assuring you savings in installation and operation, these Ceramaseal high-tem­
perature terminals are 100% leak-tested and guaranteed leak-tight when shipped. 
High-alumina ceramic and metal parts of Ceramaseal terminals are joined 
hy an exclusive process to form a high-strength, long-life molecular seal.
Brazing, welding or soldering techniques can be used for installation, with­
out resulting damage to the seal, thus eliminating costly rework or replacement. 
For brochure and spec sheets, or complete information on special high-tempera­
ture terminals, write: Ceramaseal, Inc., Box 25, New Lebanon Center, New York.

Supplying High-tern perat nre, Quality Terminals for Five Years

CERAMASEAL, Inc.

CIRCLE 412 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • July 15, 1957|E1



oad Calculating Nomograph 418

A load calculating nomograph has been

1 infoi
' i

output 
■’ in i, 

' mstru 
, whici 
•"Opt

developed to help figure cooling require­
ments for electronic equipment mounted in 
trailers, vans, consoles or stationary struc­
tures. When the type and size of a struc­
ture, the internal load, operating tempera­
ture and occupancy are selected, this 
nomograph will provide the required cool­
ing load in BTU’s per hour, and select the 
correct capacity for air conditioning equip­
ment designed to meet rigid military speci- 
ications. The nomograph is printed on 

tampini paper easily copied by any reproduction
al Ave machine. Ellis and Watts Products, Inc 

Monroe at Spencer, Cincinnati 36, Ohio.

Electronics—Key to Control 420

Applications of electronic temperature 
controls for the heating, ventilating and air 
conditioning field are described in colored 
four page bulletin, F-2287-4 now available. 
It explains all the features, functions and 
advantages of an electronic system which 
provide efficient and economical control for 
any type of heating and air conditioning 
equipment. All components and accessories, 
used in the various types of electronic sys­
tems, are illustrated and specific applica­
tions of each are discussed. Barber-Colman 
Co., Temperature Controls, 1400 Rock St., 
Rockford, Ill.

411
as been 
Publish- 
4 page 
1 otha 
id sen- 
Adami.

Custom Molded Plastics 419

“Custom Molded Plastics for Industry” is 
a 12-page booklet with illustrated sections 
on molding facilities, finishing and assem­
bly of components, research and develop­
ment, and quality control. Chapters on 
injection molding, compression molding 
and transfer molding list examples of auto­
matic equipment used in molding of thermo­
plastic and thermosetting materials. Syl­
vania Electric Products Inc., Warren, Pa.

Current Limiting Fuses 421

The eight pages of Bulletin GEA-6319B 
describe a line of CLF current limiting 
fuses capable of interrupting short circuit 
currents up to 200,000 rms symmetrical am­
peres. The operation and application of the 
fuses are outlined and dimensions and rat­
ings are given. The booklet is illustrated 
with photographs and also graphs showing 
current characteristics. General Electric 
Co., Schenectady 5, N.Y.

a ' . ... ...„S"’

for ACCURATE MEASUREMENT of
-

FREQUENCY, PERIOD, or TIME INTERVAL

Succino - "Patte
fincheite táe neta

MODEL 7550B

• 514" x 17" Panel Size
• Crystal Accuracy
• Measures 0.1 CPS—100 KC
• Measurer 10/xs—1.2 days

Featuring glow transfer tube counting
techniques and printed wiring throughout, Model 755OB/ED 
offers qptimum reliability, economy, and accuracy for 
general purpose use in frequency and time measurement.

Cy 7
Write for complete data: our Bulletin 7550B/ED

Representatives in Major Cities

11861 TEALE ST., CULVER CITY, CALIF. • Phone: EXmont 8-6764 or TExas 0-8006

CIRCLE 422 ON READER-SERVICE CARD FOR MORE INFORMATION
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SALK* OFFICES

131

Eastern Office: 
1378 Main Ave. 
Clifton, NJ.

Midwest Office: 
188 W. Randolph St. 
Chicago, III.

South Central 
Office:

6115 Denton Drive 
Dallas, Texas

Model
W177-2C 1

eartöttA New Broad Band

lical Performance Curves

FERRITE 
ISOLATOR

for Laboratory 
Test Bench Use

Use this Ferrite 
Isolator in your 

microwave setup 
for maximum 

frequency stability.

CHECK THESE FEATURES
Broad Band—Usable from 8.2 to 10.2 

KMC
High Isolation—A minimum of 25 db 

over the band
Insertion Loss—Less than 1 db
Small & Compact —Only 2 ¥2 inches 

long—weighs only IVz lbs.
Flanges — Cover type. Mates with 

UG39/U flanges. Will absorb up to 
10 watts reflected power

Price—$135.00 each f.o.b., Van Nuys, 
Calif.

Delivery—From stock
Order—Model W177-2C1
For custom-made isolators for 
specific radar & microwave appli­
cation, you can depend on the skill 
of the Kearfott organization.

Kearfott, Western Division, has 
complete facilities for waveguide 
production, with qualified experts 
to assist in solving your problems. 
Let us help you.

FREQUENCY (K.M.C )

COMPANY, INC

For detailed 
information, ask 
for bulletins on 
new Ferrite 
Isolators and 
Radar Test sets.

CIRCLE 423

MICROWAVE DEPARTMENT

14844 OXNARD ST. • VAN NUYS. CALIF.

Western Area 
Office:

253 Viñedo Ave.
Pasadena, Calif.

ON READER-SERVICE CARD FOR MORE INFORMATION



multiple layer 
dielectric 

construction!

HIGH 
insulation 
resistance! 

10u okms/ntfd.

extremely LOW • 
dissipation factor J 
...lowas.OöTo! J

very LOW J
dielectric !

absorption!
aslowas.01%

hermetically sealed

cit
! v* YYou can always depend 

on U. S. Edcor for the 
rigid quality control that 
guarantees complete and 

lasting reliability. For extra 
long service where the 

going is rough — under 
adverse conditions of 

vibration, widely varying 
ambient temperatures, 

extreme altitudes... or where 
requirements are critical — 

as in high performance 
missiles . . . specify U. S. 

Edcor Teflon Film Capacitors!

U. S. Electronics Development Corporation i
1323 Airway, Glendale 1, California 

______________________________________________ I

Our field Engineering Representatives welcome the opportunity 
to consult with you on standard or special capacitor requirements. 
For address oj office nearest you — or for complete technical data 
— WRITE TODAY to Sales Engineering Dept., U.S. Electronics 
Development Corporation, 1323 Airway, Glendale 1, California.
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A simple, inexpensive instrument for measuring 
the P of a wide variety of transistors has been de­
veloped by the National Bureau of Standards. The 
device measures the common-emitter short-circuit 
current gain of pnp or npn transistors at low audio 
frequency. In operation, the transistor is plugged
into the instrument and a dial is adjusted to the 
point where a tone is heard from a loudspeaker, 
The p is then read directly from the dial. Properly 
calibrated, the instrument can measure p accurately 
over a range of 10 to 170.

The circuit is similar in principle to one used 
for measuring vacuum tube transconductance. In 
such a tube circuit, part of the plate voltage is fed 
back into the grid through resistor and transformer 
coupling to cause oscillation. Similarly, with the
circuit for measuring transistor gain, the output 
is fed back into the input through a variable re­
sistor and a transformer; when the resistor is prop­
erly adjusted, the circuit begins to oscillate at an 
audio frequency. The dial on the variable resistor 
can be calibrated through a substitution method.

To reduce the number of controls to a minimum, 
circuit parameters are chosen so that the transistor 
will adjust itself to a specified de operating point
The resistors in the circuit were selected to fix this

NPN

-r

T| - 2 00-10,000 ohm» (N « 7)

T2 - 500- 3.2 ohms

Circuit diagram of transistor p tester. When the 25K pot is properly adjusted for a given 
transistor, the circuit oscillates at an audio frequency. Tone can be heard from loudspeaker.

pul 
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I 
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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. 
Full information and an "entry blank" can be ob­
tained by circling 548 on the Reader's Service Card.

point at about 5 v collector potential and 1 ma col­
lector current. For any transistor whose (3 falls 
within the measuring range of the instrument, these 
de values will be closely approximated when the 
transistor is plugged in.

The frequency at which oscillations begin de­
pends upon the characteristics of the transformer 
and the phase shift of (3. The current ratio of the 
audio transformer has a broad maximum centered 
at 1 or 2 kc, and if the phase shift of the transistor is 
sufficiently small, oscillation begins at a frequency 
near this maximum. However, the transistor gain 
required to produce oscillation for a given dial set­
ting is not a particularly sensitive function of fre­
quency. Measurements accurate to within a few 
per cent of full scale can be expected.

Encapsulated Blocking Oscillator

Encapsulated with epoxy resin within a 3/4 in. 
cube shown is a complete blocking oscillator circuit 
which includes a subminiature pulse transformer, 
transistor, capacitor, resistor and crystal diode. The 
circuitry shown produces triggering electronic

kv oc 
IaTTERY) !..

-o
-PULSEI

CRI

-o
♦ PULSE1

pulses identical to those obtained from larger, more 
expensive pulse generators.

Designed by engineers of Allen B. DuMont Labs. 
Inc., a pulse of 3 psec duration with a rise time of 
0.06 usee is obtained. The1 repetition rate is 25 kc. 
Power requirements are furnished by a miniature 
6 v mercury cell which lasts approximately 1000
hours. Amplitude ;e is from -|-6 to — 3 v peak.
The “pulse cube*’ can be obtained from DuMont 
with a fixed repetition rate of 1 kc if desired, or a 
variable repetition rate from 400 cps to 24 kc. It 
can also be obtained as a free-running blocking 
oscillator or for external triggering. Operating tem­
perature range is from —55 to 60 C.

4JD4A2 
4JD4A3 
4JD4A4 
4JD4A5

TYPES

FOUR NEW G-E

TRANSISTORS
• Operation below zero 

and up to 150°C

• 25 me alpha cutoff

• Low leakage current

9 Easy automatic insertion 
in printed circuit board

DESIGN FEATURES
High Temperature Performance . . . 
maximum ambient operating temper­
ature 150cC, storage temperature up 
to 200 s C

New Package Design ... for automatic 
insertion in printed circuit boards

Package Hermetically Sealed ... no 
moisture seepage from outside air

Package Seams Are Welded for 
great strength, long wear

Long Life and Stable Performance . . . 
when used within specified ratings

Small Size . . . extremely compact 
design provides added flexibility for 
most applications

Here are just a few typical applications for 
the NPN silicon triode transistors: wide 
band and d-c amplifiers, oscillator circuits, 
computer switching.
And now all General Electric transistors 
are a better buy than ever. Because of mech­
anized production lines, G-E transistors are 
made in less time and at a lower cost than 
before. Thus you benefit from lower prices. 
Besides, machine methods used on the 
General Electric production lines promote 
the strictest adherence to top quality stand-

ards. As a result, characteristics are con­
trolled and narrow limits are built into the 
production transistor for a more uniform 
product. Therefore, General Electric is able 
to give a one-year written warranty.
For specifications and application engineer­
ing assistance, call your G-E Semiconductor 
District Sales Manager, your G-E Semi­
conductor distributor, or write the General 
Electric Company, Semiconductor Products, 
Section S2377, Electronics Park, Syracuse, 
N. Y.

Progress k Our Most Important Product

GENERAL ELECTRIC
CCS.tM

CIRCLE 429 ON READER-SERViCE CARD FOR MORE INFORMATION
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GYROS

for every application
The Kearfott miniature 4 

Gimbal 3 Gyro, stable 
platform, provides precise 

azimuth, pitch and roll 
information—irrespective of 
the airframe attitude. It is 

hermetically sealed for 
environmental protection. 

Because of its rapid warmup 
characteristic, this unit is 

fully operational in less than 
five minutes. This platform 

provides the features of a 
magnetic slaved or a latitude 
corrected directional gyro for 

heading reference. Dependable, 
accurate single purpose 

Kearfott Gyros also available.
ALL ATTITUDE
3 GYRO STABLE PLATFORM

Suitable for use m both missile 
and aircraft, random drift rate 
I per hour in azimuth and 3° 
per hour in vertical. Measures 
bnly 8" Diam. x 83<" High, 
weighs but 23 lbs.

VERTICAL 

GYROS

RATE GYROS

FLOATED RATE 

INTEGRATING GYROS

FREE GYROS

KEARFOTT COMPONENTS 
INCLUDE:

Gyros, Servo Motors. Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Her­
metic Rotary Seals, Indicators 
and other Electrical and Me­
chanical Components.

KEARFOTT SYSTEMS 
INCLUDE.

Directional Gyro Compass Sys­
tems, 3 Gyro Stable Platform 
Systems and Inertial Naviga­
tional Systems.

Send for bulletin giving data of components 
of interest to you.

A SUBSIDIARY OF 1—1 — 
GENERAL PRECISION EQUIPMENT CORPORATION

KEARFOTT COMPANY, INC., LITTLE FALLS, N.J.
Salm and Engineering Office* 1378 Main Avenue, Clifton, N J.

Midw.it Office: 23 W. Calend ir Ave., La Grange, III. South Central Office: 6211 Denton Drive, Dallai, Texas 
Weit Coast Office: 253 N. Viñedo Avenue, Pasadena, Calif.

CIRCLE 430 ON READER-SERVICE CARD FOR MORE INFORMATION
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Quick-Release Fastener
The clamp design shown eliminates or minimizes 

the tedious and time-consuming manual manipula­
tions of the available non-standard component 
clamps and at low cost.

The clamp is a powdered metal casting of stain­
less steel with a core of plastic partially threaded. 
When assembled with a screw, the remainder of the 
thread is cut making a tight-fitting casting on the 
screw threads.

This captive sub-assembly is screwed into its 
mounting hole until it bottoms, and it is then backed 
off until the flat is opposite the diameter as shown. 
After three clamps are set, the component is 
mounted with the clamps in the open position, 
shown in the sketch. With a screw driver, the screw 
is turned until the clamp is in the locked position. 
The integral shoulder (1) stops the clamp in its 
strongest holding position.

Further tightening of the screw does not turn the 
clamp, but it is pulled dow n to its clamping posi­
tion. In allowing the1 screw to continue to turn, while 
the clamp is stationary, the plastic permits the unit

Device held by ‘‘Synclamps". Below center, clamp is in 
unclamped position; at right, in clamped position; left, 
a side view. A half-turn with a screwdriver “does the 

trick."

No waveform 
distortion

from G-E Inductrol* 
Voltage Regulators
Unlike many other types of voltage reg­
ulators, General Electric Inductrols intro­
duce no waveform distortion.

Featuring drift-free controls, Inductrols 
maintain the a-c or d-c voltage powering 
electronic circuits within ± 1 %; are small 
and light.

They have long life and require little 
maintenance because they use no brushes!

For more information, write Section 425-6, 
General Electric Co., Schenectady 5, 
IN. Y., or contact your G-E sales office 
or agent.

''General Electric Trade Mark for Induction 
Voltage Regulators.

P ogress /s Our Most importent Product

GENERAL^ ELECTRIC
CIRCLE 431 ON READER-SERVICE CART
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to phase itself to the pilot diameter and its own 
tapped hole. Seemingly, by this action, the plastic 
thread is stripped. However, with just a half-turn 
the clamp is lifted up and around to the open posi­
tion, being stopped by the flat (2).

The tight fit of the plastic on the screw threads 
is unchanged by the “stripping” action, and may be 
operated indefinitely. This tight fit also gives a 
stop-nut action by making the screw and clamp act 
as a unit. It is prevented from turning by the fric­
tion at the clamping point, giving a longer moment 
of arm. Timber-Top Inc., P.O. Box 14, Freeport, 
New York.

'Statham liquid rotor angular 
accelerometers are rugged and 

reliable. They may be ordered with 
either an unbonded strain gage 

or inductive pickoff and are 
available in ranges from

±1.5 to ±3,000 rad sec-.

Shock Mount Provides Mobility
Through the use of a vibration dampener pad 

under a heavy steel plate, as shown, the Felters Co. 
of Boston has produced an equipment mount that 
permits ready mobility. At the same time, the equip­
ment will remain firmly in position under vibration.

reg- 
itro-

trols 
ring 

■mall

little 
Jies'.
254 
f 5, 
•ffice

ictio«

LABORATORIES
LOS ANGELES 64. CALIFORNIAIC

ID

957

Please request our 
Accelerometer Catalog and 

Instrument Notes No. 26 
“Some Design Considerations 

For Liquid Rotor 
Angular Accelerometers”

CIRCLE 432 ON READER-SERVICE CARD

As illustrated in the cross-sectional view, leveling 
is readily accomplished by rotating unit 1, then lock­
ing in position with the lock nut. Unit 2 is a steel 
base plate which rests on the “cushion” of Unisorb.

Mounts of this type are standard for loads from 
800 to 7500 lb per mount, and in sizes from 4 to 10 
in. square.

The Unisorb cushion will reduce transmitted vi­
bration by as much as 85 per cent and is impervious 
to cutting fluids and cleaning compounds.
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Announcing...
PYLE-NATIONAL’S

THAT MEET AND EXCEED 

OF CLASS A, B, C AND E 

OF SPECIFICATION

MIL-C 5O15B

PERFORMANCE REQUIREMENTS

birci un

4 TO 100 
L POLE /

PYLE-STAR-LINEj connectors i

*

is and Receptacles 
ENVIRONMENTAL 
NEPTUNE SERIES 

Bulletin #637

CIRCLE 433 ON READER-SERVICE CARD FOR MORE INFORMATION
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THE PYLE-NATIONAL COMPANY
WHFRE QUALITY IS TRADITIONAL 

I NORTH KOSTMR AVLNIJL, CHICAGO 51, ILLINOIS

featuring 
the

SILICONE 

INSULATION 

SANDWICH

s and Pepi pspnlati

CONDUIT FITTINGS • CIRCUIT

vps m Ptmopal C 

CONTROLS

ihps of tho United States

• LIGHTING EQUIPMENT



NEW...
SPEER

This new Speer Packaged Assembly Circuit offers you a wide 
variety of custom, preassembled units of high-quality components 
for use in conjunction with printed board applications.
P.A.C. permits the insertion, as a group, of a full range of capaci­
tors and resistors in simple or complex circuitry. Each P.A.C. is 
based on components of uniform dimensions, ’/•" diameter and %" 
long. Component availability includes Jeffers tubular ceramic 
capacitors and Speer fixed composition resistors, providing wide 
circuit flexibility in a single P.A.C. unit.

ADVANTAGES OF SPEER P.A.C.

• Simplifies chassis design and assembly

• Reduces printed circuit board area and insertion operations
• Permits easy and low-cost component change-over to accommodate 

circuit revisions
• Broad choice of characteristics—low capacitance temperature com­

pensating units and high capacitance bypass capacitors mounted 
in same P.A.C. unit

• Isolation of individually mounted units provides low shunt capaci­
tance across resistors

• Pretested components achieve unusually close tolerance assembly

Learn more about the new Speer P.A.C. .
For information write to: I11“JEFFERS

JEFFERS ELECTRONICS DIV.
ELECTRONICS

Speer Carbon Co. Du Bois, Pennsylvania
CIRCLE 434 ON READER-SERVICE CARD FOR MORE INFORMATION
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Ideas for Design DUAL PURPOSE

high input impedance is only part of the 

story with the new Keithley Model 220. 

As a sensitive dc vtvm, it’s especially conveni 

when measuring voltages of transistors, 

dc amplifiers and computers, as 

well as many electrochemical and biological 

tests. In its alternate role as a dc pre­

amplifier, the 220 has gains of 0.05 to 167 

with suitable outputs. Uses include 

recording the variations in piezo-electric 

and pH voltages; currents in photocells, 

vacuum tube grids and ion chambers; and 

other long-term monitoring functions.

combined preamplifier and dc vtvm t as 
1014 ohms input, 1 mv sensitivity

Regulated Radio-Interference 
Free Generator

TRANSISTORIZED 
ELECTROMETER

Described here is a generator of radio-inter­
ference-free design which produces a conventional 
voltage regulated output without requiring brushes, 
slip rings or commutator. As a result of the design, 
there are no sliding or arching contacts to initiate 
radio interference. The unique feature is the man­
ner in which regulated excitation is supplied to the 
rotating field.

Brushless generators are not new. However, a 
machine was required which was suitable for all 
normal power and lighting applications and which 
produced a well-regulated 60 cps voltage supply. 
This requirement made it necessary for the gener­
ator to have a regulated dc field.

A standard engine generator set was modified for 
brushless, voltage regulated operation. The gen­
erator was a 30 kw., 0.8 power factor, 60 cps, 
120/208/416 v, 1200 rpm diesel generator. The 
generator was a common type with a static 
armature, rotating field, and overhung dc exciter 
(Fig. 1). Voltage control was obtained by taking the 
commutated output of the exciter off through a set 
of brushes and feeding the dc excitation through 
slip rings into the main generator field. Control of 
the exciter output was exercised through the ex-

KEITHLEY
Model 220 
DC VTVM

0

0

LINE-OPERATED, the 220 has 8 voltage 

ranges from 30 millivolts to 100 volts 

full scale. With added accessories, the 

instrument measures voltages from 1 mv 

to 20 kv, currents from 10*3 to 5 x 10'u 

ampere, resistances from 104 to 1016 ohms.

o

o

o

0

D.C. Exciter

O

O

Fig. 1 . Generator before modification. i

[---------1
Regulator

type. CIRCLE 435 ON READER-SERVICE CARD Cl

details about the Model 220 are given 

in Keithley Engineering Notes, Vol. 5 

No. 2. A request on your company 

letterhead will bring a copy promptly.

USEFUL FEATURES include a 5-volt 

unbalanced output for amplifiers and 

oscilloscopes, and a one-milliampere output 

for sensitive recorders; a polarity reversing 

switch; and zero drift below 3 mv/hr.

A.C. Exciter 
Armature

KEITHLEY
INSTRUMENTS, INC.
12415 Euclid Ave., Cleveland 6, Ohio

Main Generator _ ....
V Field R«ct.n.r

RîngS n I a
’ Regulator

Main Generator 
Field

Commutator

Fig. 2. Generator after modification to brushless

ELECTRONIC DESIGN • July 15, 195
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ADJUSTABLE-SPEED 
DRIVE

o SPEED RANGE Infinitely adjust­
able from 0 to 2400 rpm.

0 REGULATION Better than 5% load 
regulation.

O DUTY CYCLE Rated for continuous 
duty.

O REMOTE CONTROL Control can be 
remote from either rectifier cabinet 
or motor.

O BRAKING—REVERSING Dynamic 
braking and reversing models 
available.

0 GEARED MOTORS Both ’A and 'h 
hp models are available with gear 
reducers tor speeds from 0 to ISO 
rpm and from 0 to 600 rpm.

O TACHOMETER MODELS Other 
models available with tachometer 
control to maintain speed within 
1%.

O DELIVERY Both geared and un­
geared models available for deliv­
ery from stock.

ARD CIRCLE 436 ON READER-SERVICE CARD

SEND FOR COMPLETE DATA

*239”
with

'4 HP motor

IMMEDIATI DELIVERY

citer field. The modification made on the generator 
consisted of eliminating the two sets of brushes, the 
commutator, and the slip rings, and arranging to 
feed controlled de excitation to the rotating main 
generator field. A sketch of the modified generator 
is shown in (Fig. 2).

The exciter armature, rectifier bridge, and main 
generator field are all rotating on the same shaft. 
Three phase ac exciter output is rectified in the 
bridge and delivered to the main field without 
brushes, commutators or slip rings. Thus all sources 
of electrical sparking and resulting radio interfer­
ence have been eliminated from the generator and 
exciter. Control is exercised through the static ex­
citer field which governs the exciter output, which 
in turn varies the main generator field to give regu­
lated voltage output at the generator terminals.

The key development which has made this ar­
rangement possible is the perfecting of the silicon 
rectifier. The relatively small size per unit of power 
and the more desirable temperature characteristics 
of the silicon rectifiers makes their use in this ap­
plication very advantageous. The space required by 
selenium or copper oxide rectifiers would make it 
impracticable to mount them on the shaft of the 
generator. These small rectifiers will handle about 
one kw each. Their mass is about 1 per cent that of 
the old selenium or copper oxide type.

Voltage Regulation

A static type voltage regulator is used which 
senses the voltage output of the main generator 
terminals. This voltage is impressed upon two im­
pedance type circuits in the regulator, which are 
in effect a voltage standard. A signal proportional 
to the difference between the generated voltage and 
the regulator voltage standard is delivered to a 
magnetic-amplifier control winding, and the 
magnetic-amplifier output is fed to the exciter field 
through rectifiers in such an amount as to bring the 
generator terminal voltage in balance with the 
regulating standard.

The regulating voltage standard is developed by 
placing across the generator terminals a linear and 
a non-linear circuit. There is one voltage at which 
the currents drawn by these circuits are equal. 
Above this voltage they deliver a different current 
to a control magnetic-amplifier in such a way as to

Fig. 3. Schematic of Brushless Generator.
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SAVE PANEL SPACE

PRECISION 
POTS

You can put twice as many precision controls 
in the same panel space 

with Waters* new concentric-shaft potentiometers.

Two precision pots • in %" or ll/s" size • assembled 
in tandem • for single-hole or servo mounting • and con­
trol by one dual knob • with stops, or for continuous rota­
tion of either or both elements • 
simplify your designs.

Concentric-shaft, tandem 
precision potentiometers can be 
furnished to meet substantially 
the same specifications as the 
standard line of Waters RTS % 
and API 1/8 pots.

Write today for further in­
formation, or see your Waters 
representative.

save vital space • and

New Idea in Control Mounting

Now you can easily make any 
single-hole-mounting pot or 
trimmer into a flush-mounted 
or recessed control. Just use 
the Waters "Pot-Hook”®. Fits 
any panel up to thick; 
available for or *4* shaft; 
can be furnished with “O” 
ring and gasket for panel 
seal. Write for data sheet.

APPLICATION ENGINEERING OFFICES 
IN PRINCIPAL CITIES

TrVUWJ Wayland, Massachusetts
. P 0 Box 368, So Sudbury, Mass

MANUFACTURING, inc.
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EASTI 
Rochesl

It’s 
»Hive 1 
down

An all time high, both in papers presented, and in number of exhibits, 
has been reported by the management of this year’s WESCON.

Once again (August 1 issue) Electronic Design will cover design 
progress at WESCON from the standpoint of the practical, working 

engineer.
If you would like an opportunity to publish your own practical 

design ideas, achievements, etc., not to a few, but to all of your 
25,000 fellow engineer subscribers, be sure to look for us at the

show. Our editors will be on hand to meet and talk to you.

decrease generator excitation. Below this xoltaj 
they deliver a difference current which increa>el 
excitation. The magnetic-amplifier receives itl 
power from the 60-cycle output of the main general 
tor and delivers its rectified output to the stat tonar| 
field of the exciter. The regulator is frequency coni 
pensated to hold voltage within ±2 per cent witl 
engine speed changes of ±5 per cent.

In order to provide fast response and ample el 
citation current for motor starting loads and hl 
short-circuit relay tripping conditions, the excital 
tion system is strengthened by using current trail I 
formers in the output of the main generator. WheI 
load or fault current flows from the main generate I 
the current back through a three phase rectifiel 
bridge directly to the stationary field winding of i J 
ac exciter. Thus on motor starting loads or und I 
fault conditions, which are low power factor d 
inands, the current transformers maintain excitatioJ 
at a value which will sustain the generator voltage 
This arrangement insures that there will be suf 
ficient current flow under fault conditions to trig 
the circuit breakers. A schematic wiring diagrani 
of the generator and regulating system is shown in 
Fig. 3. A. M. Brown, U.S. Naval Civil Engineering 
Research and Evaluation Lab., Construction Bat 
talion Center, Port Hueneme, Caltf.

a HAYDEN publication
19 East 62nd Street • New York 21, N. Y.
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New Shock Mounting
Robinson Aviation, Inc. of Teterboro, manufac­

turers of all-metal vibration and shock mounting 
systems, recently developed a Met-L-Flex center 
of-gravity mounting for a pressure ratio transmit 
ter unit developed by Minneapolis-Honeywell for 
airborne applications.
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TOGGLE

actual size

e ex
pplied

rans
Single Pole, and

Tube Protection Schemevn n CIRCLE 438 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE 440 ON READER-SERVICE CARD FOR MORE INFORMATION

en Grid

115 vac

type 631-B

* PRODUCT OF THE CONNECTICUT HARO RUODER CO., NEW HAVEN 9, CONN.

CIRCLE 439 ON READER-SERVICE CARD FOR MORE INFORMATION

To get the details on Kodak Ektron Detectors, write for a 
free booklet to: Military and Special Products Sales,

Reset
Button

ING HOLE. Nuts and sleeve lock-washers

2x10'ohms 2x10’ohms 2x10’ohm«

Strobotac $160

ELECTRONIC DESIGN • July 15, 1957

soldering lugs (No. ST-42 series.

Available with scretv

GENERAL RADIO Company

terminals (No. ST-40 series.
Single Pole, and ST-50 series, Double), and with

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

A solution is given here to the problem of finding 
a reliable method of protecting the screen grids of 
high-power beam tetrodes and pentodes in event of 
bias, excitation or plate supply failure.

0 Signal response extends 
from 0.25 microns in the ultra­

violet to 3.5 microns in the in­

frared with maximum sensitiv­
ity at 2.2 microns in the infrared, 

o They are available in com­
plex and exact arrays and 

mosaics.

liter-
smit-

Made to joint Anny and Navy specifications 
(JAN-S-23). For DC. or AC circuits up to 1600 cy­
cles. Switching characteristics provide for changes 
in electric circuits by use of spst, spdt, dpst, and 
dpdt. Has bakelite housing and ONLY ONE MOUNT-

nera
>nan

It’s called a Kodak Ektron Detector, the photosen­
sitive substance is lead sulfide, and it can be laid 
down in any pattern.

'Phis specialized mounting system shown incor­
porates pressure and electrical connectors as part 
of the supporting structure of the mounting. It pro­
vides for ease of installation and in effect combines 
the equipment and mounting into an integral pack­
age.

Constructed of aluminum and steel throughout, 
the lightweight mounting system is a permanent 
type mounting unaffected by adverse operating 
conditions. The incorporation of Met-L-Flex resili­
ent elements, located in the plane of the center-of- 
gravity, provides Model 1323 with environmental 
tolerance from vibration and shock, thereby insur­
ing equipment reliability.

The high percentage of inherent damping dis­
played by the mounting system results in the re­
duction of resonant peaks and the quick dissipa­
tion of transient forces. The natural fregency of 
Model 1323 is between 6 to 11 cps while the 
amount of vibration provided is approximately 90 
per cent at 40 cps. Designed in accordance with 
military' specifications MIL-E-5272A, MIL-C-5541 
and QQ-P-416. this mounting system is readily 
adaptable to military applications.

Direct Reading from 60 to 14,500 rpm 
— measurements to 100,000 rpm 
made simply
Accuracy of 1% above 900 rpm
Makes any Revolving or Reciprocal 
Cyclic Machino or Part appear to op­
erate in slow motion — as slow as a 
fraction of an rpm if desired
Thousands used in research, design, 
inspection and maintenance in lead­
ing plants throughout the world
WRITE for the STROBOSCOPE 
BULLETIN for Complete Information

A very sensitive relay (kt) of 10,000 ohms is used. 
When 1^ exceeds a predetermined value, the volt­
age drop across Rt pulls in the relay Kt. St closes, 
energizing Kt, which opens S*. K2 has a holding con­
tact which prevents reapplication of screen voltage 
until the reset button is pushed, again closing St. 
The neon lamp across the coil of K3 gives visual in­
dication of the overload. Stephen J. Goch, Director 
Research, G U G Electronics Labs., 1062 Virginia 
Ave., Bronx 72, N.Y.

to Measure Speed 
and Study Machines 

in S-L-O-W motion

TEMP-R-TAPE
pressure sensitive TEFLON tape
for Class H insulation, low friction facing

Temp-R-Tape, Teflon with a silicone polymer adhesive 
backing, provides 1500 vpm dielectric strength, low 
power factor, a temperature range of —100°F to 400°F 
(—75°C to 200°C)\ and a slippery, low friction surface. 
As an easy-to-apply dielectric or low friction facing, 
Temp-R-Tape is being designed into electrical and elec­
tronic units, aircraft and general industrial applications, 

to 12" wide, .006" or .013" thick.
FREE SAMPLE and folder—write, phone or use inquiry service

Broad Avenue at Linden. Ridgefield N. J. NEW YORK AREA 1000 N. Seward St. LOS ANGELE! 3« 

8055 13th St.. Silver Spring. Md WASHINGTON, O. C. 1150 York Road. Abington. Pa PHILADELPHIA 
1182 Los Altos Ave Los Altos. California SAN FAANCISCO 6605 W. North Ave.. Oak Park CHICAGO 
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• Signal-to-noise ratio is excellent, particularly in the infrared.

• Vibration doesn't affect them.

• Elements can be extremely small in size.

AND

COMMUNICATIONS USE

W FOK 
^ELECTRONIC

Double). Also supplied with sealed

Write Today For Catalog No. 15

M/tW
ELECTRIC j
MFG CO., Inc 1 

MOUNT VERNONl 
' N. Y. I 
^Headquarters fori 
Electrical Wiring

iDevices.

KULKA

KULKA

275 Massachusetts Avenue. Cambridge 39, Massachusetts

SINGLE POLE, with Solder Lugs

SINGLE POLE, with Screw Termi
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ARNOLD/TOROIDAL COIL WINDER
' sets up quickly... easy to operate... 

takes wide range of wire sizes

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, sell-chocking turns counting system
• Loading (wire length) counter
• Core rangr : I.D. to 4W O.D. to I’/j" high

LABORATORY USE
• Change wire and core size in 45 sec.

PRODUCTION USE
• 1500 turns per minute
• Insert core and load in 20 sec.

PRICE: $1200 includes all rings, counters and accessories

IMMEDIATE DELIVERY. Literature on request
ARNOLD MAGNETICS CORP.
4615 W. Jefferjon Blvd., Los Angeles 16, Calif.
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black 
NYLON 
Snap

cables,

etc Instant 
attachment
. . . no screws or 
fasteners needed

All the advantages of Nylon . . 
a non-corrosive, non-conductor 
. . . plus the low cost of quick 
assembly. Just pinch, insert in 
hole, let go. Several sizes in 
stock, others being added.

COMPANY
5703-05 Northwest Highway • Chicago 30, III. 

Traveling Wave Tubes

Two-helix and three-helix backward-wave ampli­
fiers of the cascade type were studied, and the latter 
found to have a higher gain-bandwidth product. An 
experimental model of a two-helix mixer in which 
one helix is a backward-wave amplifier and the 
other a backward-wave oscillator gave conversion 
efficiencies up to 0.57, and it is believed that the 
design could now be improved. Interaction between 
several space harmonics, originally believed to be 
orthogonal, was observed on the multi-helix tubes, 
and several studies were conducted to determine 
the source of the interaction. A velocity and current 
analyzer for the backward-wave tubes was also de­
signed. Several studies in crossed-field tubes are de­
scribed, including measurements on a forward-wave 
amplifier using a zig-zag slow-wave structure, and 
the design of a two-circuit backward-wave crossed- 
field tube. Several gun studies, especially on guns 
of the shielded type, were made. Electrostatic focus­
ing of electron beams was studied analytically and 
experimentally, and attempts were made to com­
bine rf interaction with an electrostatically focused 
beam. Analyses of the noise problem and the large- 
signal problem are discussed. Experiments were 
made on several novel high-density emitters, includ­
ing a metallic arc, a Phillips ion gage discharge, and 
a shielded field emitter. PB 123983 Traveling Wave 
Tubes and Related Studies, David H. Sloan, John 
R. Whinnery and John R. Woodyard, California 
Univ. Order from Library of Congress, Photodupli­
cation Service, Publications Board Project, Wash­
ington 25, D. C. Dec. 1955, 26 pp. Microfilm $2.70. 
photocopy $4.80.

Low Frequency Propagation

Study of Loran signals showed that E-layer fading 
rates are not always the same as those in the D- 
layer. Wide band multichannel equipment for the 
study of various kinds of atmospherics was designed 
and constructed. An improved intervalometer was 
constructed. From whistler data obtained in Seattle 
and Stanford during 1951 and 1952, it was found 
that approximately 22 per cent of the whistlers that 
occurred at either location were received at both 
locations. This result provides support for Storey’s 
theory of whistlers. Simultaneous whistler observa­
tions made at Stanford and on the U.S.S. Atka of 
the Navy Antarctic Expedition in Dec. 1954 were 
analyzed. PB 122359 Low Frequency Propagation 
Studies, Robert A. H eUiwell. Stanford University, 
Radio Propagation Lab., Stanford, Calif., Library 
of Congress, Washington 25, D.C. Sept 1955, 61 pp. 
Microfilm $3.90, photostat $10.80.

- ?» Type M1000. shown actual size
Contacts in this tiny, sealed unit are %" solid silver 
or palladium, handling up to 3 amperes. Use of a 
permanent magnet in the magnetic circuit gives 
exceptional efficiency. Units available in production 
quantities, with solder lugs or printed circuit leads 
... for polarized or non-polarized operation. Imme< 
diate sample delivery. Write for literature.

GENERAL SPECIFICATIONS:
Size: %"x %"x W. Weight: 0.4 ounce.
Vibration resistance: 20 G’s to 2000 cps.
Sensitivity: from 15 mw to 1 watt.
Coil resistance: to 7000 ohms, 10.000 in slightly 
longer size.

7308 Varna Avenue, North Hollywood, California
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MODEL 2100 WAVE ANALYZER
A portable, compact, frequency-selective VTVM 
accurately measuring the amplitude of input 
signals from 30 cps to 50 KC. 160 uv to 500 volts 
RMS full-scale sensitivity
Features are exceptionally wide frequency cov­
erage, high sensitivity, great dynamic range 
and ease of operation. $495.00 FOB factory. 
Complete data on request.

834 Galindo Street 
Concord, California
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microsize locknuts

STANDARD PRESSED STEEL CO
Position

FLEXLOC LOCKNUT DIVISION
1ENKINTUWN PENNSYLVANIA
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/IW TEFLON COATED FIBERGLASS TAPES 
WITHSTAND TEMPERATURES UP TO 600°

46 STEWART AVE., BROOKLYN 37, N. Y. • HYocinth 7-76OC

TIES EASY, FAST AND TIGHT 

KNOTS WON'T SLIP

FRONT 
of panel 
insertion

DACRON
LACING CORDS and FLAT BRAIDED TAPES

FUNGUS-PROOF 

STRONGER

Nome . 
Company 

Address

MEET NEW GOVT SPEC. MII-T-713A

Tapes are available in both Nylon and Dacron and in wax, wax­
free and resin-coated finishes. FREE I Write today for free samples.

Radome Design

This report presents a general discussion of the 
design information which has been gathered by in­
vestigators and fabricators in developing various 
sizes and modular configurations of rigid radomes. 
The design information which is included pertains 
to the aerodynamic, structural, and thermodynamic 
analyses. Test data are given concerning climatic 
studies, wind-simulated loading tests, transmission 
tests, and installation tests. A discussion is also in­
cluded on the parameters and problems involved 
in material selection and fabrication procedures. 
The applicability of the collected design and test 
data to Air Force requirements is discussed and 
conclusions and recommendations are présente d. PB 
123976 Design Considerations for Rigid Radomes, 
J. R. O'Donnell. U. S. Air Force, Air Research and 
Development Command, Rome Air Development 
Center, Griffiss Air Force Base, Rome, N.Y., Library 
of Congress, Washington 25, D.C. June 1956, 73 pp. 
Microfilm $4.50, photostat $12.30.

Anisotropic Particle Lattice

The dielectric properties of lattices composed of 
identical metallic or dielectric elements of various 
geometries, such as spheres, discs and strips have 
been investigated from a molecular point of view . 
The main objective of this note is to extend the 
treatment to general uniform lattice structures made 
of identically shaped and oriented particles of gen­
eral constitutive characteristics. Thus, it includes the 
most general case of a uniform lattice with struc­
tural anisotropy and both element isotropy and an­
isotropy at the lattice points. PB 124171 Dielectric 
Properties of a Lattice of Anisotropic Particles, Zoh- 
rab A. Kaprielian, California Institute of Tech­
nology, Electrical Engineering Dept., Library of 
Congress, Washington 25, D.C. June 1955, 29 pp. 
Microfilm $2.70, photostat $4.80.

Smaller than regular Flexlocs of the same nominal 
diameter, Flexloc microsize locknuts make possible 
smaller mating joints and flanges. Standard materials 
are brass (plain or cadmium plated) and aluminum 
(plain or chemically treated), for temperatures to 
250°F; alloy steel and 18-8 stainless steel, for tempera­
tures to 550°F. They are available in sizes #0 through 
#4 at your industrial distributor’s. See him for de­
tails. Or write for literature, samples, information on 
other materials. Flexloc Locknut I )ivision, Standard 
Pressed Steel Co., Jenkintown 12, Pa.

DIALCO’s expanded line of iub-miniature lights conform 
to all applicable Mil Specs. Use T-1% midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lena-with-Meaaage 
is readily positioned after installation ... Mount from back 
of panel in 15/32" clearance hole; or from front of panel 
in 17/32" hole... 7 lens colors... Shown approx, actual 
size (top to bottom) : No. 134-3830-375-6... No. 101-3830­
951... No. 101-5030-951... No. 109-3830-111 ...No. 111­
3830-111... No. 107-1930-951.

Complete details in Brochures L-156 A and L-157.
SAMPLES ON REQUEST —AT ONCE —NO CHARGE

-Alsu ----------- 

1-Terminal 
Pilot Lights 

for use on grounded 
circuits. Available 

with binding screw 
or soldering terminal.

F Dimming 
and

4 Non-dimming 
types

DIALIGHT CORP., 46 Stewart Ave., Brooklyn 37, N. Y.

1 Send brochures on Sub-Miniatures 0 Selection Pilot Light 
1-1 1 Brochure 1 Catalogues

One-piece, all-metal con­
struction

Resilient locking section 

Controlled locking torque 

Lock and stop nut in one 

Every thread carries its full 
share of the load

Made to Class 3B fit

Low-Power Pulse Transformers

Analysis and design procedures are derived for 
application to low-power pulse transformers includ­
ing, in particular, the types expected to be employed 
in many circuits of the electronic digital computer 
of Project Whirlwind. Pulse lengths considered are 
between a twentieth and a quarter usee. Although 
optimum reproduction of pulse shape is assumed 
to be a leading requirement, the procedures given 
are presumably general enough to be extended to 
applications for which faithful reproduction of input 
voltage or current waveform is not necessary. PB 
124199 Low-Power Pulse Transformer, Thomas F. 
Wimett, Mass. Institute of Technology, Servomech­
anisms Lab., Cambridge, Mass., Library of Con­
gress, Washington 25, D.C. Dec 1947,114 pp. Micro­
film $6.00, photostat $18.30.

PANEL SPACE LIMITED ? SPECIFY

2-Terminal

COMPACT

RUGGED

BACK 
of panel 
insertion

Also available 
with ‘Toper Tab 
quirk conned 
terminals

COMPLETELY
INSULATED

EM IN WAY 
Rari leí J

OMNIDIRECTIONAL
PLASTIC DOMES

Sub-Miniature 
Pilot Lights

The Hemmway & Bartlett Mfg Co . ELECTRONICS DIVISION. 500 5th 
N Y 36 Sales Offices: Chicago Philadelphia. Boston. Cincinnati 
Francisco, Los Angeles. Detroit, Charlotte, N. C Gloversville. f 
Lynchburg. Va Foreign Agent Turner. Halsey Co., Inc 40 Worth St

DIALIGHT
CORPORATION
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Packed with information, loaded with charts and a
profusion of drawings, the new Deutsch Miniature Electrical
Connector Catalog reads good, like a catalog should.

Twenty-four colorful pages herald the full line of

Get the full story on Thumb lo-n

mos

for this handy answer book. Askwrite
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Write, wire or 
phone for your 
copy fodayl

ROOM-BALANCED 
PERFORMANCE

EVERYTHING 
YOU NIED

NEW FOLDED 
HORN DESIGN

HEAVIER 
CONSTRUCTION

through charts that specify contact sizes and significant dimen­
sions for each connector. Feast your eyes Q on the construc­
tion and operational features of the Deutsch miniature line

PRECISION 
MECHANICAL DESIGN

Write for FREE ILLUSTRATED KwIKit BOOKLET 
Desk C66, University Loudspeakers, Inc., 
80 So. Kensico Ave., White Plains, N.Y.
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If you’re^Kicking for miniature connectors 
to meet the performance requirements of 
advanced electronic and electrical systems,

for it by name: Deutsch Miniature Electrical
Connector Catalog, Brochure 713.
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draw I

•Stock 
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Intensities of the snow echoes obtained by a 
zenith-pointing radar from 180 different contribut­
ing regions are compared with suitably chosen 
thresholds. The probability of the intensities exceed­
ing such a threshold and the frequency with which 
two intensities separated in time straddle it, are 
used to deduce the autocorrelation coefficients of 
the signals. The autocorrelation coefficient, after 
correction for receiver noise, is shown to be the 
product of three partial coefficients due to the dif­
ferential settling of the particles, to a uniform wind 
driving the particles across the beam, and to turbu­
lence. To the extent that differential settling and 
cross-wind are known, turbulence can be deducted 
from the measured coefficient of the signal. Con­
siderations based on the theory developed suggest 
that measurements of turbulence in rain or snow 
in the horizontal beam of a high-resolution radar at 
close range should be feasible. Appendix 1: Correla­
tion coefficients of the signal intensity’, and of the 
amplitude components; the Wiener-Khintchine 
theorem. Appendix 2: Auto correlation coefficients 
are "multiplicative. PB 124560 Measurement and 
Calculation of Fluctuations in Radar Echoes from 
Snow, Walter Hitschfeld and Arnett S. Dennis, Mc­
Gill University, MacDonald Physics Lab., ''Stormy 
Weather" Research Group, Montreal, Canada, Li­
brary of Congress, Washington 25, D.C. 53 pp. 
Microfilm $3.60, photostat $9.30.

Stainles« Stan tay> 
'Star'* screw» have 
dean bright-and- 

shiny heads”

The greatest dAp 
connector 

catalog 
since Sears met Roebuck!

Deutsch miniature connectors—Miniature Push-Pull, 
Rack and Panel, and Edgelite. Charts show contact clockings 
AA and alternate insert positions.

M Type BWO

A field theory of electron beams focused by 
crossed electric and magnetic fields is given. The 
theory is basic to the understanding of the small 
signal behavior of crossed field electron devices. It 
is applied to explain the slipping stream, or dio- 
cotron, effects as a coupling of two surface waves 
of the electron beam, and to derive the start-oscil­
lation conditions of the M-type backward wave 
oscillator. It is found that the slipping stream effect 
can reduce the starting current by an appreciable 
factor. The results are compared with the thin beam 
theory which neglects space charge effects. An 
analysis of a loaded strip transmission line is given, 
from which a method of representing space har­
monic slow wave circuits by a surface admittance 
boundary condition is obtained. Forward and back­
ward space harmonic interaction may be treated 
equally well. PB 123973 Field Analysis of the M 
Type Backward Wave Oscillators, Roy W. Gould, 
Calif. Institute of Technology, Electron Tube and 
Microwave Lab., Pasadena, Calif., Library of Con­
gress, Washington 25, D.C. Sept 1955, 108 pp. 
Microfilm $5.70, photostat $16.80.

STAINLESS STEEL
• Bolt & Cap Screws 
e Socket, Set & Cap
• Nuts, Washers
• Machine Screws
• Sheet Metal Screws
♦ Wood Screws
• Pipe Fittings
• Dowel, Taper, 

Cotter Pins
♦ AN Drilled Fillisters
• Stud Bolts

' I in this book... 
I over 7,000 

STAINLESS STEEL 
I FASTENINGS

• Avoid costly production 
and experimental delays!
• Brand new 1957 edition 
of Star Catalog now avail­
able (Sy

PROFESSIONAL 
RESULTS

e Genuine 
Korina Veneer

e Decorative 
Front Moldings

• Textured 
Grille Fabric

a ' The Deutsch Company
7000 Avalon Blvd., Los Angeles 3, California
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...AS CAREFULLY AS A 
FACTORY-ASSEMBLED 

SPEAKER ENCLOSURE

Get the facts...compare...and 
you’ll buy University KwIKIts!
KEN 12 t.i <?' m.ak.r. t .yst.mt $44 75’ 
KEN 15 f.r 12* ar IS* apaakars S tyatam $55 SU'

STAR STAINLESS SCREW CO.
663 Union Blvd., Paterson 2, N. J.

» Telephone: Little Falls 4-2300
0=* Direct New York phone: Wisconsin 7-9041

SELECT A HI-FI KIT

Wilmad

The reason

Wilmad
LANDISVILLE, N J

GLASS COMPANY, INC

ELECTRONIC 
ENGINEERS!

FOR ECONOMY AND EFFICIENCY 
DESIGN WITH 

PRECISION GLASSWARE!

To keep costs down and yet get 
the maximum efficiency in electronic 
parts and sub-assemblies, more 
design engineers are turning to 
glassware

If you design electric or electronic 
devices of any kind such as wove guide 
tubes, UHF tuners and cavities, voltage 
regulators, capacitors, dashpots, etc . in­
vestigate the economy and efficiency of 
precision glassware. Our engineers wel­
come the opportunity, of discussing any 
of your design problems with you Send 
for our new bulletin today.

ing tolerance limits, the low cost, 
and the unbelievable accuracy and 
uniformity of Wilmad pre­
cision glassware have made 
many metals, plastics and 
ceramics far too expensive.



WANT

GENERATE PULSES

DELAY PULSESMODEL 800 A
Features:

WIDEN PULSESRFI in Communication

REGISTER PULSES
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COUNT PULSES

SUM PULSES

DO BINARY LOGIC

DRIVE TRANSISTOR CIRCUITS

nnia
CIRCLE 455 ON READER-SERVICE CARD FOR MORE INFORMATION

H-LAB TRANSISTORIZED 
POWER SUPPLIES

MODEL 800-A 
Twin 2-30 Volts 

@ 1.0 Amps.
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MODEL 800-B 
2-30 Volts 

@ 2.5 Amps.

A simple method for measuring densitization of 
receivers caused by radio interference is presented. 
The use of this method for obtaining true signal to 
noise ratio measurements at the output of a receiver 
is discussed. A standard speech test signal is sug­
gested for intelligibility evaluation by means of the 
concept of articulation index. PB 123076 Evaluation 
of Interference Effects on Speech Communications, 
Arthur Gottfried and Kurt Ikrath, U. S. Signal Corps 
Engineering Labs., Fort Monmouth, N.J., Library 
of Congress, Washington 25, D.C. Mar 1956, 18 pp. 
Microfilm $2.40, photostat $3.30.

Magnetic Amplifiers with Feedback

Tests made on magnetic amplifiers excited by a 
sine-wave carrier were conducted to determine if 
the figure of merit could be improved by means 
of feedback techniques. The results are presented 
schematically and mathematically. In general, the 
investigations reveal that the power gain of the 
magnetic-amplifier device can be increased to an 
unlimited point, but that with this increase a finite 
rise time remains. Under these conditions the figure 
of merit, as it is ordinarily defined, becomes mean­
ingless. However, investigations reveal that even 
under conditions in which feedback techniques are 
employed, the voltage-gain to magnetic-amplifier 
rise time ratio remains essentially constant and re­
sults in a useful figure of merit. PB 123403 Investi­
gations of Magnetic Amplifiers with Feedback, 
Remington Rand Univac, Order from Library of 
Congress, Photoduplication Service, Publications 
Board Project, Washington 25, D.C. Mar. 1956, 20 
pp. Microfilm $2.40, photocopy $3.30.

Traveling-wave Tube Theory

Propagation constants have been calculated for a 
lossy traveling-wave tube by means of a field theory. 
These results have been applied to the prediction 
of an attenuator power loss of the order of 2 or 3 
db. compared to attenuatorless operation. It is 
shown that the gain of the higher order modes is 
negligible. Admittance matching by means of radial 
admittance transformation is the underlying method 
used throughout. The Pierce-Fletcher theory in 
common use at this time is examined in some detail 
to determine its range of validity. The effects of 
space charge bunching on .saturation has been 
treated. Criteria have been set for determining 
whether bunching is important or not in determin­
ing saturation. PB 123173 Field theory of traveling­
wave tubes with application to the study of atten­
uator saturation effects, William Buchman, Califor­
nia Institute of Technology, Electron Tube and 
Microwave Laboratory, Pasadena, Calif. LC. Wash­
ington 25, D.C. 136 pp. $21.30.

Nou Superior offers glass sealing alloy tubing with expansion 
characteristics to meet practically any glass sealing require­
ment. These five new analyses are in addition to six already 
m the line. Superior also offers titanium tubing for ceramic- 
to-metal seals. All are available in quantities as small as 50 
ft. and are cold drawn to close tolerances. Size limits in 
most cases from .012 to IVs in. OD. Write for new Data 
Memorandum 15 giving technical information on all these 
alloys and the known applications for them. Superior Tube 
Company, 2050 Germantown Ave., Norristown, Pa.

Data Memorandum #15 i——

lumb 
men- 
.true- You can do all of these functions with the new 

integrated line of NAVCOR transitorized pulse 
programming equipment . . . available in minia­
turized building blocks.

Send for free data file!

♦ Short circuit and overload protection, with Auto­
matic reset * Continuously variable * Less than 
500 microvolts ripple * Less than .01 volts output 
voltage variation from N.L. to 1.0 amps.

Writ» for tompltft catalog of H-Lab Power Suppllot

The big name in small tubing j /
NORRISTOWN, PA. /

Minson & Hoffman Mf$ Corp..Mineola, N.Y.—an affiliated /

company making precision metal stampings and deep­
drawn parts.

'Storked and sold by the Stupakoff Division of the Carborundum Cu. Latrobe Pa. T.M. Reg. U S. Pat.Off , 
*estir¡¡house Electric Corp.
[TM Reg u $ pat off Wilbur B Driver Co 
tT M Reg U.S Pat. Off., Driver-Harris Co.
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Superior Tube adds 
5 New Glass Sealing Alloys 

to standard line

HARRISON LABORATORIES. INC
45 Industrial Road, Berkeley Heights, N J

1621 SNYDER AVE PHILADELPHIA 45, PENNA / HOward 5 7700



transistor 
power 

supplies
NEWLY DESIGNED FOR 
TRANSISTOR VOLTAGES

• 3 RANGES-FINE RESOLUTION • TUBELESS

• LOW COST o CONTINUOUSLY VARIABLE

These new T-Nobatrons are the perfect 

solution to the problem of providing 

well-regulated voltages for the develop­
ment and testing of transistor circuits. 
They provide stable DC output voltages in 
three ranges, with fine resolution. Excel­
lent transient response for line and load 

pulses. Simple tubeless construction 

means greater reliability, lower cost. 
Also ideal for many other applications 
in these voltage ranges, such as relay 

testing and computer circuitry develop­

ment.

ELECTRICAL CHARACTERISTICS

• DUAL RACK 
INSTALLATION

Model T50-I.5 T60-5 Tl 20-2.5
AC Input 

(60 - , 10) 95-130 95-130 95-130

DC Output Voltage 0-10 0-10 0-25
(three range«) 0-25 0-25 0-50

0-50 0.60 0-120
Output Current

(ampt.) 0-1.5 0-5 0-2.5
Regulation, line:

105-125 V ±1% ±0.5% ±0.5%
For wider input ±2% ±1.0% ±1%

Internal Resistance,
typical (ohms)

low-voltage range 1.2 0.35 1 3
middle range 2.1 0 55 2.0

high range 4.5 1.0 4.0
Ripple (mv) 

Time Constant
50 max. 50 max. 50 max.

(line) 0.08 sec. 0 08 sec. 0.08 sec.
(load) 0.15 sec. 0.15 sec 0 15 sec.

SORENSEN A COMPANY, INC. • SO.NORWALK• CONN.
C.RCLE 456 ON READER-SERVICE CARD FOR MORE INFORMATION
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Phase-Shift Oscillator

Patent No. 2,777,952 B. F. Spencer (As­
signed to Sperry Rand Corporation)

Phase-shift oscillators as heretofore de­
signed have required more than two phase­
shift networks in the plate circuit of the 
oscillator tube in order to secure the 180 
deg phase-shift necessary for sustained 
oscillations. Oscillators must have enough 
gain to overcome circuit losses for sustained 
oscillations. In the usual phase-shift oscil­
lator, the cathode circuit includes a resistor 
and a condenser of large value in shunt 
with the resistor with the result that the 
phase-shift achieved in the cathode circuit 
is negligible. As a consequence an addi­
tional phase-shift network is required in 
the grid plate circuit to secure the necessary 
180 deg phase-shift.

In the phase-shift oscillator shown in the 
figure, oscillations are secured with two 
phase-shift networks 17 and T9 in the plate 
to grid connection. The networks shown 
are of the L type using capacitors C17 and 
Cl9 in series between plate and grid. These 

two networks secure a phase-shift of sub 
stantially less than 180 deg. The addition^ 
phase-shift necessary to achieve 180 de. 
grees of phase-shift is secured from the re- 
actance network K in the cathode to ground 
circuit. The shunting capacitor C21 has a 
value that provides sufficient phase-shift tc 
achieve the 180 deg phase-shift for main
taining sustained oscillations.

jotent 
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)f pre 
Spacer 
unctii 
illy c< 
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»lectr

Sel* S

It will be noted, therefore, that the phase 
shift network in the plate-grid circuit pro. 
vides substantially less than 180 deg phase 
shift and that the additional phase-shift 
required is provided by the cathode net
work. As a consequence, a reduction in the 
number of phase-shift networks necessan 
to secure sustained oscillations is secured 
In addition, the gain of the circuit for se

The 
nt ai
ws it

I ./i

i

curing sustained oscillations is reduced to 
a minimum since circuit losses are less. The
circuit described and illustrated has good 
stability. The patentee illustrates two other 
forms of the phase-shift oscillator circuit 
with results comparable to the results se­
cured with the circuit illustrated.
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Semi-Conductor Network

Wi ' No. 2,780,752 R. W. Aldrich et al 
Assi. ned to General Electric Company) 

Th network has a semi-conductor pro­
vided with spaced electrodes which are 
^red( ninantly bilaterally conducting. A 
unct >n electrode having unilateral con- 
luctin^ properties contacts the semi-con- 
Juctoi in a region which is influenced by 
potential applied between the spaced bi- 
ateraily conducting electrodes. A potential 
>f proper value is applied between these 
¡paced electrodes. A capacitor connects the 
unction electrode with one of the bilater- 
dly conducting electrodes, and an imped­
ance connects the other of the spaced 
dectrodes and the junction electrode.

Self-Saturating Reactor Circuits
phase­

phase-
e-shift 
e net- 
in th 
essan 
cured
or se- 
?ed to 
s. The

Went No. 2,780,772 B. Lee (Assigned to 
Vickers Incorporated)

The magnetic amplifier has the usual in- 
jut and output circuits. A saturable reactor 
las its reactance winding in series with a 
ulf-wave rectifier between the input and 
)utnut circuits for self-saturation. A second 
eactor winding connects with a source of 

alternating control current. A shunt circuit 
is provided across the second winding. The 
circuit includes a second half-wave rectifier 
so that induced current flow in the second 
winding flows in a direction to generate 
magnetic effects in the reactor which are 
oppositely related to the magnetic effects 
produced by current flow through the first 
rectifier.

UHF Signal Generation

Patent No. 2,777,062. R. J. Hannon. (As­
signed to Standard Coil Products Co., Inc.)

The high frequency oscillator of the 
patent uses an electron tube having a plu­
rality of electrodes. The effective inductance 
of certain of the leads to the electrodes is 
resonated by means connected between 
the plate and the grid terminals of the tube 
in order to establish the frequency of os­
cillation. Compensation is provided for the 
effective inductance of the other electrode 
leads, as well as a parallel non-resonant LC 
circuit in series with the compensating cir­
cuit element for providing a high frequency 
output signal. This series circuit is between 
the plate terminal of the tube and ground.
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CONTACT 
YOUR LOCAL 
DISTRIBUTOR 

OR SEND 
FOR SHEET 

S-105

for modular 
construction 

of test 
equipment!

See our BOOTH 1316
WESCON SHOW

August 20-23 
SAN FRANCISCO

MINIATURE DESK
CABINET RACKS
for use with standard 19", 9’A", 

4’4" wide panels

The most exciting advance in metal 
housings ir. years, MODU-RAK makes 
any part of the most complex 
electronic system easily accessible for 
assembly or repair by utilizing 
horizontal and vertical dividers.

ACCESSORIES FOR SUBDIVIDING 

MODU-RAK INTO MODULAR UNITS

Vertical and Horizontal Dividers, Angle 
Brackets and 9’/2" and 4%" Panels.

METAL PRODUCTS CO
DEPT.ED, 337 MANIDA ST.
NEW YORK 59, N. Y.

Western Sales Office:
988 Market St., San Francisco 2, Calif.
Phone: GRaystone 4-1069

Export Dept —
EMEC, 127 Grace St., Plainview, New York
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Now
America’s

m

a pioneerElectra

newest name

ceramic disc

*8 
LU A

CapacitorsI «
Electra, a pioneer and recognized leader in the 

precision deposited carbon resistor industry, now 
offers you a complete line of ceramic disc 

capacitors in nine physical sizes.

Flectra Ceramic Disc Capacitors offer the utmost 
in high stability, low power factor, High Q, low drift, 

high insulation, and low inductance.

In Electra Capacitors you get precision, product 
uniformity, small physical size, a wide range of capaci* 

tance values, and low cost. Write today for full 
details—ask for our new Catalog Bulletin No. 101.

resistors

Temperature 
Compensating

Line Filters

General 
Purpose

Extended

Th« above are general 
types available. High 
voltege Disc Capacitors 
and other special types 
also available 
on request.

ELECTRA MANUFACTURING COMPANY
4051 Broadway — Kansas City, Missouri — WEstport 1-6864
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economically and 
promptly.

PRECISION-ENGINEERED

I Hermeticity 
I Sealed

^TRANSISTOR
STEMS

Hermetic Seal Corporation — 
pioneer in the field of 
glass-to-metal seals — offers 
you the industry's largest 
selection of finest quality 
Transistor Stems in matched 
or compression seals designed 
for soldering and welding. 
Quality control of every 
process from design 
through manufacturing 
through precious metal plating 
is assured at HERMETIC 
because all operations are 
completed under one roof.

Visit Our 
Booth No. 2112 
WESCON SHOW 

Aug. 20-23

CONSULT OUR ENGINEERING 
DEPARTMENT for 
technical data to solve 
your special hermetic

efficiently,

ER1METIC
SEAL CORPORATION

WE ARE AS CLOSE AS YOUR TELEPHONE

ASSOCIATES. A AFFILIATES: Glass-Solder Engineering, 300 N. Lake Ave., 
Pasadena 4, Calif., RYan 1-5111 • Hermetic, Inc., 232 Creek Rd., Keansburg, N. J., 
KEansburg 5 2600 • Hermetic Seal Products Co. P.R., Rio Piedras, Puerto Rico, Rio 
Piedras 6 3615 • Quality Hermetics, Ltd., 45 Hollinger Rd., Toronto 16, Ont., 
PLymouth 7-2869.
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Patents
Switching System
Patent No. 2,782,303 E. A. Goldberg (As­
signed to Radio Corporation of America)

Electronic switching circuits employing 
semi-conductor materials are coming into 
increasing use since they require no filament 
supply and the overall circuit is simplified. 
The semiconductor materials are particu­
larly desirable when there is no need for 
amplification of the switched signals. 
Switching circuits, as presently designed, 
are subject to two difficulties in particular. 
One difficulty is that of maintaining the 
level of the signal being switched because 
of losses arising in overcoming a blocking 
bias. Another difficulty is that occasioned 
by the capacity of the wiring which pre­
vents rapid transmission of the switched 
signal required with electronic equipment.

The circuit in its simplest form is illus­
trated in the figure. The positive signal to 
be switched is applied to the input terminal 
EA and a negative signal is applied to the 
input terminal EB. The positive signal 
passes through the diode 30 and resistor 38 
under the control of a switching signal 
which is applied through the diode 50.

I swi c 
I the d

Upon the application of a positive switch I a n 
ing control signal through the diodethe I Potr 
cathode 32 of the diode 30 is biased to non I caP 1 
conduction and consequently the inp it sig. I ()^ 1 
nal is not transmitted. A negative control I erai * 
signal applied through the diode 50 will I 
render the diode 30 conducting and thl 
signal will be transmitted. In similar man I 
ner, a positive or negative control switching! 
signal applied through the diode 80 biases! 

the diode 60 to non-conduction or conduc l 
tion so that the negative signal is blocked!
or transmitted.

Biasing of the diode 30 so that it becomes I 
conducting affects the current flow through! 
the resistor 92 and diode 40 so that the! 
input signal appears at the output terminal! 
90. Similarly a signal conducted through! 
the diode 60 affects the current flow through! 
the resistor 92 and diode 70 and results in| 
the negative signal appearing at the output! 
terminal 90. With the circuit illustrated, the! 
diode power losses in diode 30 and 40 are! 

equal and opposite so that the two losses I 
compensate for each other. The output! 
signal appearing at the terminal 90 is of the! 
same value as the input signal being! —

NçW/957

CIRCLE 460 ON READER-SERVICE CARD FOR MORE INFORMATION
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swi ched or transmitted. The connection of 
the diodes through resistors 38 and 68 with 
a n gative source of potential permits any 
pot< ntials occurring as a consequence of 
cap Lcitive effect of the connections to leak 
off nd enables a high speed switching op­
eration to be secured with the circuit.

There are two other forms of the circuit 
illustrated and described in the patent. In 
one circuit the resistor 92 is replaced by a 
vacuum tube and the resistors 38 and 68 
also may be replaced by vacuum tubes. 
The other modified circuit is a refinement 
of the circuit illustrated herein.
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TRANSISTORIZED 
AMPLIFIERS for RADAR 

and GUIDED MISSILE
APPLICATION

Our SERIES IF 62 subminiaturo 
amplifiers aro now available 
transistorized as SERIES IF 80. 
Details on request.
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AMityville 4-2200

380 OAK ST. COPIAGUE, N. Y.

5 me to 
100 me 

and 
HIGHER

1957

STANDARD 
MINIATURE

WRITE 
FOR OUR 

LATEST 
CATALOG 

tD-7T

SUBMINIATURE 
TRANSISTORIZED

LEL can supply 
IF Amplifiers to 

your exact electri­
cal and physical 

specifications for di­
rect inclusion in your 

radar or missile assem- 
bly. We ore specialists 

in this field; why not 
save engineering time and 

expense and benefit by the 
experience we have obtained 

In processing a wide variety 
of successful designs.

n

ELECTRONIC DESIGN • July 15, 1957



147

cross new frontiers
in system electronics at

The Garrett Corporation

Increased activity in the design and 
production of system electronics units 
like the one illustrated above has cre­
ated openings for engineers in the 
following areas:

• ELECTRONIC AND AIR DATA SYSTEMS 
Required are men of project engi­
neering capabilities to participate in 
the design and development of com­
plete electronic control and air data 
systems for use in current and future 
high performance aircraft. Also 
required are development and design 
engineers with specialized experience 
in servo-mechanisms, circuit and ana­
log computer design utilizing vacuum 
tubes, transistors, and magnetic 
amplifiers.

• SERVO-MECHANISMS AND ELECTRO-MAGNETICS 
Work includes the design and devel­
opment of magnetic amplifier control • 
devices and integration of compo­
nents into finished systems. Servo­
system analysis and performance 
prediction would be helpful. Com­
plete working knowledge of electro­
magnetic theory and familiarity with 
materials and methods employed in 
the design of magnetic amplifiers is 
required.

• FLIGHT INSTRUMENTS AND TRANSDUCER 
DEVELOPMENT Requires engineers cap­
able of analyzing performance during 
preliminary design and able to 
prepare proposals and reports. Expe-

nence with sensitive aircraft instru*  
ments, servos, gyros, auto pilots and 
flight controls is desirable.

• FLIGHT INSTRUMENTS DESIGN Requires 
engineers skilled with the drafting 
and design of light mechanisms for 
production in which low friction, 
freedom from vibration effects and 
compensation of thermo expansion 
are important. These mechanisms 
frequently involve instruments, bear­
ings, gears, bellows, diaphragms, 
cams, potentiometers, linkages and 
small electric motors.

HIGH FREQUENCY MOTORS, GENERATORS, 
CONTROLS Requires electrical design 
engineers with BSEE or equivalent 
interested in high frequency motors, 
generators and associated controls. 
Experience in the field of aircraft 
motors and generators, servo-motors 
or high speed, high frequency 
machine tool motors helpful.The field 
of power supply and utilization equip­
ment on modern aircraft and missiles 
provides excellent opportunities.

Send resume of education and 
experience today to:

Mr. G. D. Bradley

divisions-
AIRESEARCH MANUFACTURING. LOS ANGELES • AIRESEARCH MANUFACTURING. PHOENIX 

AIRESEARCH INDUSTRIAL • REX • AERO ENGINEERING 

AIRSUPPLY • AIR CRUISERS • AIRESEARCH AVIATION SERVICE 

CIRCLE 566 ON READER-SERVICE CARD FOR MORE INFORMATION

985 f S. SEPULVEDA BLVD.. LOS ANGELES 45. CALIFORNIA



MODEL 409
RECORDING OSCILLOGRAPH
FOR VIBRATION, TEMPERATURE, STRESS, STRAIN RECORDING

Model 409 with 
100 ft. Capacity Magazine

Model 409 with 
50 ft. Capacity Magazine

The Century Model 409 Oscillograph was designed for operation under 
the most adverse conditions and more especially, where space and 
weight considerations are limited.

This Oscillograph is one of the smallest and most compact units avail­
able on the present market, yet it incorporates many features found 
in larger oscillographs, such as trace identification, trace viewing, 
continuously variable paper speeds and others. The Model 409 Oscil­
lograph has been tested and proven to record faithfully during accele­
rations in excess of 20 g's. This makes it especially desirable for uses 
such as missile launching, parachute seat ejection, fighter aircraft and 
torpedo studies.

for Bulletin CGC-303 and CGC-301

Century Electronics & Instruments, Inc.
1333 No. Utico, Tulsa, Oklahoma

CIRCLE 463 ON READER-SERVICE CARD FOR MORE INFORMATION
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Annual Report 1956, National Bureau of 
Standards.

U. S. Dept, of Commerce, Washington 25, 
D.C., 15 pages, $.60.

The National Bureau of Standards An­
nual Report on its research and develop­
ment activities in the physical sciences 
contains brief descriptions of the accom­
plishments in each area of the Bureaus re­
sponsibilities. Such subjects as the main­
tenance of basic standards, determination 
of physical constants and properties of mat­
ter, development of methods and instru­
ments of measurement, and the provision 
of calibration, testing and scientific advisory 
services are covered.

During the past year, significant results 
were achieved in programs dealing with 
electronic computers, electronic instru­
mentation and the properties of matter and 
materials. Development work was success­
fully completed on a micro-image data stor­
age and retrieval device which provides 
rapid access to any one of 10,000 micro­
filmed images located on a 10 in. square 
sheet of film.

The Bureau also developed a technique 
for capturing and storing large numbers 
of free radicals—highly reactive molecular 
fragments—at temperatures near absolute 
zero. In the field of optics and metrology, 
the Bureau completed a comprehensive dic­
tionary of color names, which lists some 
7500 individual color names and defines 
them in simple accurate terms easily under­
stood by workers in different fields. A study 
of the effect of crystal orientation of fatigue 
crack initiation in metal was also com­
pleted.

Engineers in foreign countries ordering 
the publication must send remittances in 
U. S. exchange and should include an addi­
tional 1/4 of the publication price to cover 
mailing costs.

Semiconductor Abstracts

Battelle Memorial Institute, John Wiley 6 
Sons, Inc., 440 Fourth Ave., New York 16, 
N. Y. 322 pages, $10.00.

As with previous issues, the principal 
source of information for this volume is 
abstract journals. Some original articles, 
however, have been reviewed in cases 
where they add to the completeness of cov­
erage. Numerical results are included in 
many of the abstracts.

The engineer working in the field of 
semi-conductors will find these abstracts 
an excellent directory of the literature re­
leased during the past year. They will give 
him an “even chance” of keeping up with 
the contributions from the many branches 
of science which are encompassed by activ­
ities in the semiconductor field.
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Television Engineering Principles and 
Practice

Vol. 3—Waveform Generation, S. W. Amos 
& D. C. Birkinshaw Philosophical Library. 
15 East 40 St., New York, N.Y., 226 pages, | 
$15.00.

A comprehensive survey of modern tele­
vision principles and practice is compiled 
in this third volume of the four volume 
series. The application in television of sinu­
soidal, rectangular, sawtooth and parabolic 
waves and the mathematical relationship 
between them, is described. The text is de­
voted to the fundamental principles of the 
circuits commonly used to generate such 
signals. Treatment of the subject is pri­
marily descriptive and considerably less 
mathematical than that of the previous vol­
ume. Although written primarily for the 
television engineer the book should prove 
useful to engineers interested in refreshing 
their knowledge on the fundamentals of 
pulse circuitry.
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Digi ’I Computer Programming

p I McCracken, John Wiley & Sons, Inc. 
44O ourth Ave., New York 16, N. Y. 253 
page , $• &

Digital programming is discussed on a 
pract cal level. Details involved in actually 
work ng with digital computers are pre­
sented in a lucid, comprehensive treatment. 
Man- of the problems which are specially 
troul iesome to beginners are discussed in 
a presentation of basic programming funda­
mentals.

Coverage is more comprehensive than 
that provided by instruction manuals for 
specific computers, yet it is on a more 
practical level than broad treatments writ­
ten primarily for non-users of computers. 
To implement his approach Mr. McCracken 
has devised a mythical computer combin­
ing elements from a number of different 
models currently on the market. This ap­
proach makes the hook suitable for study 
even though a computer might not be avail­
able for practice or demonstration. When 
a specific machine is available, the ap­
plicable parts of the book can be read with 
profit, along with the large portion of text 
material that is relevant to any machine.

Mr. McCracken’s book should prove val­

uable for people with no previous knowl­
edge of computing who want to know how 
to prepare detailed “instructions' for a 
computer, as well as for people whose work 
is so closely related to computer applica­
tions that they need to know what is in­
volved in programming.

Transistor Circuits and Applications

John M. Carroll. McGraw-Hill Book Co., 
Inc., 330 West 42nd. St., New York 36, N.Y., 
283 pages, $7.50.

Articles on transistors and transistor ap­
plications have been edited and compiled 
by Mr. Carroll into a somewhat textbook 
form. Many of the articles contain typical 
circuits with component values. The design 
engineer will find this information useful as 
background material and for comparison 
with his own designs and techniques. Mili­
tary, industrial and hoine-entertainment 
transistor circuits are covered in the various 
articles. Typical transistor operating char­
acteristics, important circuit parameters, 
transistor types, problems of temperature 
and gain stabilization, and a large number 
of typical transistor circuits are also in­
cluded.
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17, rue Francoeur, PARIS 18 (France) 
Tèi. : MONtmartre 61-19 et 02-93

Use the MICA-STEAFIX capacitors, series

MIL CS A
We deliver standard 

capacitors and, with the 

same overall dimensions, 
the following values

type CM-15 470 <C < lOOO^F 

typeCM-20 IOOO<C<22OO>xnF
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THE JUMP

TRANSISTOR ¿ASUREMENOS!

ERA’S NEW

f TRANSISTOR
ALPHA-BETA

TPÖTPB

See These 
Products At the

Measures AC Value Of

1957 WESCON 
CONVENTION 
BOOTH 330«

Measures Cut-Off Fr

/
• Measures a, 0 Versus Ic and Ec
• Measures a, 0 Versus Frequency
• Direct Reading, Automatic Operation
• Simple, Trouble-Free, Accurate

The model AT10A Transistor Alpha-Beta Tester is a di­
rect reading instrument which automatically indicates 
the dynamic values of a, ft for all types of transistors as a 
function of emitter and collector bias. 1 he model AT 10A 
also tests for a, [i cut-off and a, fl at higher frequencies.

his new instrument is designed for convenient, quick 
ecking of transistors and is ideal for both production 
ting and laboratory measurements.

SPECIFICATIONS
Alpha Range 

to Range

Alpha Frequency . . . 
Alpha Cut-Off Range 
DC Bias.........................  
Indicating Meter . . .
Size..................................

. . . 0-0.99 Scale Extendable Other Ranges 

. . . 0-100 Scale Extendable Other Ranges 
...........................................................5% Full Scale 
Internal, 1 20 cpt: External Osc, 5 me Max.

..................................... 5 me Max. (External Osc.) 
. NPN or PNP: Ie, 0-10 ma: Ec, 0-100 Volts 

................4 ’A " Meter Reads Alpha, DC Bias 
Hardwood Cabinet, 8" x 11" Sloping Panel

■A BETA TESTER Model AIioA - Price $385 f.o.b. Nutley, N. J. 
Le for full technical data on ERX Transistor Test Equipment and Wistorized Products.

Electronic Research Associates, Inc
67 East Centre Street, Nutley 10, N. J.

NUtley 2-5410
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Russian Translations
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150 ELECTRONIC

Parameters and Construction of Russian Transis­

tance between the emitter and collector.

of Pl transistor. 1—col­

um base.

DESIGN

Construction features and electrical properties of
Russian semiconductor devices are presented in 

tors by A. V. Krasilov, (8 pp, 9 figs, 3 tables). The 
article appeared in Radiotekhnika i Elektronika,
No. 8, 1956, whose contents were reviewed in ED,
May 15, 1957. These features are abstracted here in 
picture caption form. Also presented in the article

Fig. 1 Construction of point-contact transistor
(types Cl and C2). 1—nickel envelope, 2—
brass shell, 3—lacquer, 4—emitter, 5—plastic
insulator, 6—nickel pin, 7—potting lacquer, 8—
collector, 9—germanium base, 10—crystal holder.

Fig. 3 Construction of junction-type tran­
sistor (types Dl and P2). 1—germanium 
base, 2—shell, 3- glass insulator, 4—termi-
nal, 5—emitter, 6—crystal holder, 7—termi­
nal, 8—collector, 9—shell, 10—lead lining.

Russian Transistors
J. George Adashko

are three tables giving the salient parameters of
Russian point-contact and junction transistors.

The columns marked “80% limits” of Tables 1 and 
2 show the limits, in which up to 80 per cent of the 
transistors of the corresponding types have been is­
sued. The current amplification coefficient, a, is 
measured at audio frequency. The indices 0.5, 1.5, 
5, and 10 in Table 1 indicate that the measurements

Fig. 2 Construction of hermetic point-contact
transistor. 1—germanium base. 2
lacquer, 4—collector, 5—pin, 6—shell. 7—mount,
8—glass insulator, 9—pin, 10—crystal holder.

Fig. 5 Construction of P3 ¡unction-type transistor.
1—insulator, 2—shell, 3—radiator, 4—crystal
holder, 5—shell, 6—emitter terminal, 7—emitter
electrode, 8—germanium crystal, 9—base termi-
nal, 10—collector electrode, 11—collector terminal. 

were carried out respectively at 0.5, 1.5, 5, and 10 
mc. Ic limit of Table 3 indicates the minimum col­
lector current at which the gain, 6 = a/1—a still 
exceeds 2 for a given type of transistor.

The tables show that the spread in transistor 
parameters is quite large. The article claims that 
one of the reasons for this is the inhomogeneity of 
the presently used germanium.

Fig. 4 Dependence of limiting frequency
f of a ¡unction-type transistor on dis-

Fig. 6 New construction

lector, 2—tin ring, 3—
nickel crystal holder, 4—

nickel lug, 7—mount, 8,
9—terminals, 10—glass
insulator, 11—germam-

July 15, 1957
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Parameters (grounded-base circuit

JU Än Rn a •0.5 •1.5
Ohm Ohm Kilohm

e 80% E 80% E 80% E 80% E 80% E 80%
o fl

limits o limits 
c o limits 

fl
0 limits c o limits 

B
o limits H

a ■Ì à 5 4 S .S 4 s 5 á .5 .§ $ s J ?
E 6 6 E E E S E Ê E Ê Ê E E Ë E E Ê

750 300 550 200 30 90 7 10 20 1,21,5 2,5 1,01.32,1
750 300 500 200 30 150 7 10 25 1,5 1,6 3 1,21.32,1 — ' _ ——
750 350 5C0 200 60 120 7 10 20 1,51,62.5 1.21,32,1
750 300 500 200 30 120 7 10 20 1.52 3,5 1,21,53
750 350 500 200 60 180 7 10 20 1,52 3,5
750 MM> 200 — — 7 — — 1,5 — — M— MM MM

1500 300 600 1000 50 200 7 10 25 1.51,64,5 1,21,54 — — —
1500 450 800 700 150 300 7 10 25 1,62 3,5 MM MM 1.51,53
1500 450 900 1C00 150 400 7 10 25 1,61,83 Mm mm Sm MM -M- MM

1500 — — 1000 — — 7----------- 1,6----------- — — — — — —

Table 1 Summary table of parameters of point-contact transistors

w-th t ■ ¿20 ¿ 5 deg C Measurement 
Conditions

Peak
Values

a. *u Kv Km (power gain) 
R¿ ■ 500 ohm, 
Rload 3 10 kilohm

Ie 
ma.

Ue Ie 
ma.

lc
ma. vC Pc 

mw.

no
rm 80% 

limits no
rm

no
rm 80% 

limits Norm
8 h 
s no
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no
rm

no
rm

i E m
ax

.

■i 1 ■i i m
in

.

m
ax

.

m
ax

.

m
ax

.

m
ax
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Table 2 Parameters of low-power junction transistors
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0.9 0.93 0,9 0,93 30 200 300 3000 30 30 40 100 150 300 15 40 20 35 5 25 1 -10 600 30
0,93 0,97 0.93 0.97 __ 400 100 250 500 1200 500 1200 33 — 35 42 too — 106 400 15 40 111 ■ 20 35 5 20 1 —10 600 30
0,93 0,97 0,93 0.97 .— 400 100 250 1000 — 1200 4500 37 —> 38 45 100 — 100 400 — 15 40 — 20 35 5 15 1 -10 600 30
0,96 __ 0.96 0 99 600 100 400 500 MM 700 4500 37 — 38 45 100 — 200 400 — 15 40 — 20 35 5 20 t —10 600 30
0.94 MM 0.94 0,99 — — 10U 350 500 — 1200 4500 33 — 35 45 100 — 200 400 18 7 14 — 20 35 5 15 1 —10 600 30
0.94 — 0.94 0.99 — 1000 150 350 300 300 4500 — — 33 45 465 — 500 touu 15 40 40 20 35 5 25 I -10 600 30
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Fig. 7 New construction of P3 transistor. 1 —
germanium base, 2 mitter, 3—collector, 4—

base, 5—shell, 6—mount, 7
glass insulator, 9—terminal, 10—copper disc.

Fig. 8. New construction

Table 3 Parameters of high-power junction transistors

Type
Pout 
Watts 
min.

Km 
[power 

gain) 
db

Je Um« 
(0—2>.
ms

Test Conditions Limiting Values
ma. ma.

-IO V. -50 v. if 
ma

uc 
V.

R„_ a an 
onm

Rload 
ohm

i 
cps

lc 
ma

uc Pdiss. 
w.

P2A o.l > 17 0,03 0.2 5 50 100 10000 1000 10 100 0,250

P2B 0,1 > 17 — 0,03 0.2 10 25 25 4000 1000 15 50 0,250

P3A 1 17-20 • 150 -M — 130 25 5 220 1000 150 SO 3,5
P3B 1 20-25 250 0,25 5 130 25 5 220 1000 250 so 3,5
P3V 1 25-30 450 0,25 3 130 25 5 220 1000 450 50 3,5
P4 10 13-20 1500 0,5 — 1000 26 3 35 1000 2000 55 30

sistor. 1—germanium base, 2—emit­
ter, 3—sealing (hermetic) lining, 4—

central base, 5—nickel lug, 6—shell
7—mount, 8—terminal, 9—collector,
10—copper disc, 11—cover sleeve
12—glass insulator, 13—annular base.
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Fig. 9. Dependence ol

resistance of germanium
on the temperature, cal­
culated from the equa­
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Study of Transients of a Triggering Circuit Using 
Point-Contact Transistors and Shaping of Pulses 
from a Sinusoidal Voltage, V. A. Kuz’min, (7 pp, 8
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The study begins with the computation of the du­
ration of the leading edge of the ouput pulse in re­
sponse to an arbitrary input voltage. This is followed 
by computation of the part of the trailing edge of 
the output pulse that corresponds to the transition 
through the active region under the influence of the 
negative voltage drop. Shaping of sinusoidal volt­
ages into pulses with the proposed trigger system is 
then studied. The amplitude, duty cycle, and dura­
tion of the forward front of the output pulses are 
calculated, and the circuit parameters are evaluated. 
The analysis is checked experimentally. Refers to 
A. W. Lo, “Transistor Trigger Circuits,” Proc. IRE, 
1952, 40, 11, 1531, and Lebow and Baker, “The 
Transient Response of Transistor Trigger Circuits,’’ 
Proc. IRE, 1954, 42m 6, 938.

HF Transistor RC Oscillator, L. N. Kaptsov, (6 pp, 5 
figs, 2 tables).

A grounded-base point-contact transistor ampli­
fier with greater than unity gain may have negative 
input and output resistances and may serve as a 
relaxation or harmonic oscillator. Such a circuit, 
(essentially a multivibrator,) is analyzed in this 
article on the basis of the equivalent circuit of Fig. 
2 over a range of frequencies comparable with the 
critical current-gain frequency. Fig. 3 shows the 
frequency and amplitude dependance on emitter 
current for several transistors.

Fig. 1. Practical circuit 
of RC-oscillator using a 
type C2B transistor.

Voltage Gain of Tuned Point-Contact Transistor 
Amplifiers, E. F. Vorob’eva, (12 pp, 9 figs, 2 tables).

This is a simple approximate calculation applica­
ble to common-base transistors, taking into consid­
eration the effect of the frequency dependence of 
the transistor parameters and of the internal feed­
back on the resonant voltage gain. The analysis of 
the equivalent circuit leads to a set of gain vs. fre­
quency curves for various degrees of mismatch at 
the input. Experimental verification of the analytical 
results is cited.

RADIO ENGINEERING AND ELECTRONICS 
¡Contents of Radiotekhnika i Elektronika No. 11, 1956)

Fig. 2. Equivalent circuit of RC-oscillator,

Fig. 3. Plots of frequency (solid) and output 
amplitude (dotted) vs. emitter current. Curves 
1 and 2 are for two C2B transistors, Curve 3 
is for the non-standard No. 577 transistor.
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magnetic amplifiers to regulate voltage supplied to the silicon 
rectifiers. In this application, WN-5082 diodes are used.

Learn how new Westinghouse Silicon Diodes can provide greater 
reliability, higher efficiency, and save space and weight in your 
application. Fill in the coupon today.

9 
s
8

“ON TARGET”

Name—
Title___ 
Address-
City___

T W OSCILLATORS
}ene ation of Electromagnetic Oscillations by Trav- 
>ling Vave Tubes with Double-Spiral Coaxial Lines, 
/ $. Aikhalevski, A. G. Dolganov, V. D. Ivanova, 
] 1 p >, 13 figs).

A t eoretical treatment of the dispersion proper- 
jes < the double-spiral coaxial line was reported 
)V V S. Mikhalevski in the October 1956 issue of 
¿dic-ekhnika i Elektronika (ED June 15, 1956). 
[he present article gives extensive experimental re- 
;ults on the effects of the geometry, winding direc­
ion. winding connections, and operating modes on 
he performance of the traveling-wave tube as an 
)SCillator.

MEASUREMENT

Waveguide Methods for High-Temperature Meas- 
jrement of Dielectric Properties of Materials, V. I. 
Aksenov, M. la. Borodin (9 pp, 6 figs).

The open-circuit method is used to determine the 
lielectric properties of materials at a wavelength 
)f 3.2 cm in the 20—200° range. Equations are de- 
•ived for e' and e" (e* = e' - je") and the tempera­
ture dependence of e' and tan & of several polymers 
s obtained from the measurements and these equa­
tions.

Fig. 4 shows the block diagram of the test setup, 
while Fig. 5 shows a waveguide section used in the 
measurement.

it 
il

1—oscillotor, 2—decoupling attenu­
ator, 3—slotted line, 4—electrically- 
heated waveguide section, 5—amplifier.

1

e

Fig. 5. Waveguide section. 1—specimen 
of dielectric, 2—electric heating coil, 3— 
cooling jacket, 4—thermocouple, 5—short­
circuiting plate, 6—thermal insulation, 7— 
styroflex film.

<57
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WESTINGHOUSE SILICON RECTI­
FIER WN-5082, modified as shown, 
with maximum peak inverse voltage 
ratings of 50-400 v (300 to 5000 am­
peres in bridge assemblies).

JUST 5% OUNCES BUT IT KEEPS

Westinghouse SILICON RECTIFIERS add
striking power to U.S. Air Force

THE SNARK—America’s first intercontinental pilotless missile 
cruises at fighter speeds—has a 5,000 mile-plus range. 74 feet long 
with warhead, its flight must be accurate—components and equip­
ment must not fail.
Electronic equipment guides The Snark ... failure-free performance 
is a must even under stresses and strains of severe shocks, vibration 
and excessive heat. Component size and weight has been drastically 
reduced—without sacrificing operational efficiency.
WESTINGHOUSE SILICON RECTIFIERS supply the DC 
power. Reliable yet smaller and lighter transformer-rectifler units 
were specially designed to convert 400-cycle three-phase AC power 
into 28 volts DC power. Regulated units use 12-phase self-saturating

you CAN BE SURE...IF it's
Westinghouse

WESTINGHOUSE ELECTRIC CORPORATION
Box 888, Pittsburgh 30, Pa.
Please send me data on the new Westinghouse WN-5082 Silicon Diode.
Please send me data on other Westinghouse Silicon Diodes. (Describe 
types or applications)
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electrodes have spiral cross sections, the slectrJ 
leaving the cathode acquire an initial an; Jar J 
mentum and form a solid tubular beam w th spa 
trajectories upon entering the field of the c lindrr 
capacitor.

Two spiratron prototypes are illustrated in F 
8 and 9. Experimental data are given on th< ir 
ing properties and on their high-frequency behavi

ELECTRONIC DESIGN • July 15, I95i

New Measurement Method for the Parameters of 
Magnetized Ferrites at Centimeter Waves, V. N. 
Vasil’ev, (17 pp, 14 figs).

FREE DATA SHEET on all Unimax 
sub-miniature switches and actuators avail 
able on request.

A ferrite specimen in the form of a slab is inserted 
in the center section of a rectangular cavity. The 
mode and direction of the constant magnetic field 
are varied to make the resonant frequency and the 
Q of the cavity depend only on one or two unknown 
parameters (such as the complex dielectric constant 
or the permeability tensor), which are then calcu­
lated from the changes in the frequency in the 
resonator Q.

The method is applicable in the 0.8—20 cm range. 
The necessary equations are derived and experimen­
tal results are given for several ferrites. The real 
components of the permeability tensor and of the 
dielectric constant are obtained with an accuracy of 
3 per cent. The accuracy of the imaginary compon­
ents depends on the losses and ranges from 7 to 30 
per cent (the accuracy increases with the losses.)

RADIO ENGINEERING AND ELECTRONICS 
Cont.

Systems with Centrifugal-Electrostatic Electron 
Beam Focusing, Z. S. Chernov (7 pp, 11 figs).

spiral gun 
anode.

with formula* tabi** and explanation* for cor* 
roct u»* of adaptors and oxtensions.

ôttty ONE *7mqcce 'Wn&tcf 
CM 6c MC^^ctuMcd^gB^^

necessary (less than 1" i
• Rating: 2^ a. 30 v d-c. induc­
tive; 4 a. 30 v d-c, resistive; 5 a. 
125/250 v a-c.
• Reliable, precision, snap-act­
ing, SPOT, fully-enclosed for use 
in small space.
•Total travel of actuator-button 
1/32"; 12 oz operate-force, max.
• Furnished to meet commercial 
standards; can also be furnished 
for high-temperature use up to 
275°F. and to meet Military 
Specification MIL-S-6743.

Fig. 8. Demountab 
construction of trava 
ling wave type ( 
spiratron (100-300 m 
1—electron gun, 2-

Describes a new electrostatic electron-beam shap­
ing and focusing system, with the electrons moving 
in a spiral orbit within the beam. The new system 
eliminates many of the shortcomings of the usually- 
employed solenoids or permanent magnets such as 
high power consumption, heavy and cumbersome 
magnetic systems, the need for precise tuning, and 
short life.

Based on the stable motion of electrons in the field 
of cylindrical capacitor, the Institute of Radio En­
gineering and Electronics of the USSR Academy of 
Sciences developed new travelling-wave or double­
helix tubes (called “spiratrons”) employing this new 
system and requiring no magnetic focusing.

Figs. 6 and 7 show two types of electron guns to 
produce a spiralling electron beam. In Fig. 6 the 
electron beam is shaped into a ribbon and enters 
the space between two coaxial cylinders at an angle. 
The inner cylinder is at a higher potential than the 
outer one. The electrons leave the cathode with 
both axial and tangential velocity components, and 
when the centrifugal force is balanced by the elec­
trostatic field strength, they move in spiral trajec­
tories.

In Fig. 7 an annular cathode is contained between 
cylindrical focusing electrodes, and a cylindrical 
anode is placed in front of the cathode. Since all

It is mechanically impossible to .use 
any Torque Wrench with adapters 
or extensions (with accuracy) unless 
that Torque Wrench has a positive, 
built-in, fixed load position.

This essential factor of accuracy, 
misunderstood or ignored in the de­
sign and manufacture of some torque 
tools, can completely defeat their 
purpose.

T' u nr 
th* (kmw

TmUtMl

»fi»

SUB-MINIATURE
panel-mounting Unimax USMJ-1 
switch provides plunger-type 
over-travel actuator.

PATENTED
PIVOTED HANDLE ’ 

FIXES LOAD POSITION

UNIMAX SWITCH
Vite W. H. Maxíoet Valp oral<xot 

IVES ROAD, WALLINGFORD, CONNECTICUT

PA / J ruPlE^ANI /CO 
aooisev /quai irrf il l/no/s

Fig. 6. Centrifugal electrostatic focusing system 
flat gun 1—cathode, 2—focusing electrode, 3—ai

Fig. 7. Centrifugal electrostatic focusing system
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Reception of Pulses of Arbitrary Waveform with 
Super-regenerative Receiver, L. R. lavich, (9 pp, 9

67 No. Second SI 
Reech Grove, Ind

Fig. 9. Construchor 
of double spiral spi- 
ratron (tested at 100-

■

of t’O-e

RL-27OA and B Serin» avail­
able in many special variations. 
Write for catalog and specifica­
tions and prices on your specific 
requirements.

Choice of Standby System of Radio Relay Lines, 
V. V. Petrov, M. V. Brodski, V. D. Shoshenkov, (9 
pp, 4 figs).

Probability-theory aspects of square channels and 
of automatic switching.

Gamewell deign re* 
qwire» «nly H ’ per lecl.on, ond 
external clamp« previde unlimited 
p*iet>ng

■1-170».9 h Hi» large! m the 
Siva Una «aria«. A« with ether«, it 
n uwolly wpplied with 3 hole 
mounting. Servo end threaded* 
bulbing type mounting« ore eveil* 
able Aho many «pedal feoteret 
.. te-d u« your teguiremente

Tiny but rugged, can withstand a cable pull of over 50 lbs. 
Twelve polarity groups—two and three lug 
Vibration-pipof bayonet locking (MIL-C-5015) 
Teflon insulators permit use over wide temperature-range 
with low elecn’ic loss 
.002" silver plate and gold flash affords excellent 
corrosion resistance

Dage Catalog 201-B gives full details with specifications on 
sub miniature DMs. Write for your free copy.

FREE! Giant CATALOG of OPTICAL BUYS!
OVER 1,000 OPTICAL ITEMS . . . Many on-the-job 
helps . . . quality control aids) 72 pages — hundreds 
of illustrations. Many war surplus bargain»1 Imported / 
instruments! Lenses, Prisms, Magnifiers, Telescopes, I 
Microscopes, Binoculars, etc. Optics for Industry, re- L 
search labs, experimenters, hobbyists., No obligation.
Write for FREE Catalog da •

NEGATIVE FEEDBACK

Modulation Negative Feedback in Radio Transmit­
ter Installations, V. A. Khatskelevich, L. M. Shur, 
(10 pp, 5 figs).

A thorough discussion of the factors that limit the 
amount of feedback that can be used in transmitter 
circuits. The rigorous treatment is based on Bode’s 
theories.

ELECTRONIC DESIGN • July 15, 1957

ELECTRICAL COMMUNICATIONS
(Contents of Elektrosviaz' No. 11, 1956)

RADIO RELAY
Type FN-675 Radio Relay Apparatus, N. N. Kamen­
ski, (10 pp, 5 figs).

Description of a French (CSFR) system, capable 
of handling up to 6 trunks, each accommodating 600 
telephone channels or one TV (video plus audio) 
channel over distances up to 2000-3000 km.

The principle of superregeneration has been in 
use for more than 30 years, yet many of its theoreti­
cal aspects still remain to be explained. This per­
tains in particular to non-stationary processes which 
have lately come into prominence by virtue of the 
use of superregeneration for pulse reception. The 
author uses the slowly-varying amplitude method to 
analyze reception of pulses of any waveform with a 
superregenerative receiver having a separate heter­
odyne. It is shown that the pulse area can serve as 
a criterion of the effectiveness of pulses of different 
waveforms and durations.

foi.. 1

ial lipe

STEREO I 

«plCROSCOPE 
k ^INDUSTRIAL OR HOBBY USI

tron gun, 2—en­
trance spiral, 3— 
exit spiral, 4—drift 
tube, 5—focusing rod.

I
 Spedai RL-37OA-S with 4« 

tap«, «how« maximum numbe* 
Allow, 47 «quel rettetene* 
lection«, white maintaining guac 
•nteed linearity of ±0 1%. 
Total rettotene« of 500,000 
ohm«, roiolutien el 0.0075%

TH! O AM EWELL COMPANY 
Newton Upper Fell» 64, Me»»<

SAVE™“, ON INSPECTIONS 
» - — roten ■ ?

BMB FINt, »MERICAN-MMDE INSTRUMENT 
.W i... *T OVER 50« SAVING

RL-170A-1H Frecidon Poten­
tiometer one of Ave »it»« from 
I'A* to 3* diemeret Non. 
metollic homing ho« high dimen* 
«ionol «lability, wifhitandt -70P 
to +3007

SOLA ELECTRIC CO.

4633 W. 16th St., Chicago 50, III.
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XI Up fo 3" Working Distance — Erecf 
Imago — Wide 3 Dimentional field 

Now, ready after years in development— 
athi* instrument answers the long stand­

ing need for a sturdy, efficient STEREO MICROSCOPE at 
O mnr low cost. Used in production—in research—in the lab, 

shop, factory, or at home; for inspections, examinations, 
counting, checking, assembling, dissecting—speeding up 
and improving quality control. 2 sets of objectives on 

rotating turret. Standard pair of wide field 10 Kellner Eyepieces give you 
23 power and 40 power. Additional eyepieces available for greater or 
lessor magnification. A low reflection coated prism erecting system gives 
you an erect image—correct as to right and left—dear and sharp Helical 
rack and pinion focusing. Interpupillary distance adjustable. Precision 
American-made. Storage chest Included. We will ship on .v Free Trial. 
Order Stock Ne. 85,039-DA............... full price . . . $9930 f.o.b. 
Shipping weight approximately 11 lbs........................... Barrington, New Jersey

Send check or M.O —or order on open account

WE’LL SHIP ON 10-DAY FREE TRIAL

Sola voltage regulators now serve 
up to 25a of 6.3v filament load

Automatic, instantaneous, 
_   'J ±1% voltage regulation

^MB^ for 6.3v electronic tube
filaments is now available 
in the output-rating rang* 
of up tn 25 amperes. For

I ■ the first time, sizeable 
^an^s these tubes may 
be served by a single con- 
s^an^ voltag0 transformer. 
Also, loadings within 75­
100% of the transformer’s 

full load current rating give tube filaments the starting 
inrush protection afforded by the current limiting effect 
inherent in Sola design.

This static-magnetic stabilizer is especially suited for 
use as a built-in component of a manufacturer’s product, 
and is designed with that use in mind. It can take the 
place of a conventional filament transformer at only 
moderate increases in space, weight, and cost.

Regulation of the new Sola Filament Transformer is 
automatic and instantaneous, and within ±1% for line 
voltage variations as great as ±15%. Five stock output 
ratings are available ranging from 5 to 25 amperes.

For electrical and mechanical specifications, request 
Circular 31G-CV-269, from:

PRECISION POTENTIOMETER DIVISION

RF Cable Connectors

MINIATURIZED EQUIPMENT 
GROWS SMALLER STILL

Gamewell Blue Line RL-270 A&B serifs

EDMUND SCIENTIFIC CO., BARRINGTON
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■3 Meter

Analyzes Transistors 
rated up to 100 watts

WRITE today for your big, free illustrated Gee-Lar Catalog. 
No obligation!
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Fant Service is the big “plus” you get at GEE-LAR—the 
House of Knobs. Hundreds of styles, sizes and types, in­
cluding deluxe Gold Inlay Knobs, are stocked . . quickly 
whipped to you in any quantity. Best of all, your cost»- are 
always moderate... there’s no charge for tooling or molds

The extended power range of the 
Polyphase TA-13 Transistor Analyzer 
is sufficient to analyze the most im­
portant characteristics of all transis­
tors. Collector sweep power supply 
is rated at 20 amps and 150 volts. 
Transistors with power ratings rang­
ing from 10 mw to 100 watts may be 
tested. Tracing of seven characteristic 
family curves is presented on any 
conventional oscilloscope. Electron­
ically generated and swept, 10 con­
stant current Input Current steps are 
individually adjustable and metered 
to 50 ma per step or 450 ma total 

current.
Accurate meter measurement of 

small signal a and 3»DC 0, and DC 
collector leakage current is conven­
iently performed.

KNOBS FOR
Television • Home Radios 
Phonographs • Clock Radios 
Auto Radios • Instruments . . . 
many others.

Be sure to get your copy of Electronic Week — 
published daily during WESCON. All the last 

minute developments, program changes, events, 
meetings — PLUS — the added value of Elec­

tronic Week's regular news section. Look for your 
familiar Daily, now bigger and better than ever 

before, free at Hayden’s booth at WESCON.

a HAYDEN publication
NEW YORK • CHICAGO • LOS ANGELES

MISCELLANEOUS

"Calculation of Errors Introduced by Speed Dif­
ferences in Telegraph Start-Stop Apparatus,” N. B. 
Zeliger, (13 pp. 8 figs, 1 table).

“Conditions under which Communication Aerial 
and Cable Lines can Parallel High-Voltage DC 
Transmission Lines,” M. I. Mikhailov, K. K. 
Nikolski. (II pp, 10 figs). (The Russians are plan­
ning power transmission at 400-800 kvdc. The in­
ductive interference of the de ripple with low fre­
quency communication lines is therefore of more 
than theoretical interest.)

"Concerning the Mechanism of Communication­
Line Loss under Icing Conditions,” I. M. Metter, 
(2 pp, 2 tables).

INTERFERENCE

Prevention of Interference in Steel Conductors from 
Other Steel Conductors or from Toll Lines, P. K. 
Akul’shin, (8 pp, 1 fig).

Continuation of work by the same author, re­
ported in the January and April 1956 issues of Elek- 
trosviaz’ (ED May 15, and November 1, 1956).

PULSE SYSTEMS

On the Theory of Linear Pulse Systems with Vari­
able Parameters, G. P. Tartakovski, (12 pp, 2 figs).

Introduces the concept of a time-dependent trans­
fer function of a pulse system with variable param­
eters. Shows, in analogy with the constant-param­
eter case, that this function yields the response of 
the system to any pulse sequence. Treats variable 
parameters of the linear portion of the system, 
variable sequence periods, and variable pulse dura­
tions. Gives examples of communication systems 
and elements normally subjected to pulse sequences. 
Refers to Zadeh’s "Frequency Analysis of Variable 
Networks,* Proc. IRE 38, No. 3, 1950, and “Time­
Dependent Heaviside Operators,” J. Math. & Phys, 
vol. 30, No. 2, 1951.

AUTOMATION AND TELEMECHANICS 
(Contents of Avtomatika i Telemekhanika No. 12, 1956) 

SERVO SYSTEMS 

Investigation of the Steady State of Pulse Servo 
Systems, la. Z. Tsypkin, (13 pp, 10 figs).

Pulse servo systems are frequently used to convert 
discrete (digital) data into a continuous (analog)

/WS POLYPHASE
| dip INSTRUMENT CO.

Bridgeport, Penna.
CIRCLE 472 ON READER-SERVICE CARD FOR MORE INFORMATION

Division of G Textron Inc.

GEE-LAR MFG
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Series #1 
Actual Size

mechanisms, computers, am 
applications.

Tinymite Coupling 
Actual Size

Low cost for general ap-

Renbrandt, Inc.
98B Kirkland Street

Cambridge 38, Mass
Tel : TRowbridge 6 6560

through Vü" shafts

H” Series R miniature, hermetically sealed, aircraft type relay. 
Their shock and vibration resistance you may take for granted.

Variations on the basic 4 PDT Series R relay perform out­
standingly over such a broad area that they are frequently used 
to do many different types of jobs in a given application, with 
resultant savings in spare part inventories. The range of possi­
ble characteristics covers:

Various brackets of vibration resistance from 10 to 2,000 
cps, coil resistances from 1 to 50,000 ohms, operational shock 
resistances of 30, 40, or over 50 “G”; mechanical shock resist­
ance to 1,000 “G”, contact capacities from 350 V., D.C., 400 
MA, to 10 A., at 30 V., D.C., as well as signal circuits.

For complete information send for a copy of Bulletin R-250.

THE HART MANUFACTURING COMPANY
210 Bartholomew Avenue, Hartford, Conn.
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Specify Renbrandt Flexible Coupling» Fast 
delivery on prototype or production order» 
Send for complete catalog
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3/16" shaft, 
lash Insulated

MEASUREMENT
Regenerative Measuring Transmitters, L. L. Deka- 
brun, (9 pp, 12 figs, 1 table).

Regenerative transmitters are vacuum-tube oscil­
lators used to measure, say, small variations in con­
ductivity of semiconductors by determining the 
change such a semiconductor introduces in the Q 
of the oscillator tuned circuit. A theoretical analysis 
of such a circuit is given, and some experimental 
installations are described. Reference is made to 
work by Ì rott (Journal of Scientific Instruments, No. 
7, 1952) and Malling (Electronics, April 1953).

COST-CUTTING 
BULLETIN ON 
ELECTRONIC

TUBULAR 
PARTS

Tuba diameters: 
D 010 in. to % In

A must for every elec­
tronic designer. How 
to avoid unnecessary 
costs by sensible sub­
contracting. How to 
choose your sub-con­
tractor. How to get a 
limitless variety of 
small size tubular 
parts at least pos­
sible cost. Send for 
your free copy—no 
obligation.

Other Articles in This Issue
“Electronic Flow Meter,” D. A. Agaikin. A. A. 

Desova (4 pp, 7 figs). (Description of two types of 
electromagnetic flow meters for conducting liquids. 
Refers to several American designs.)

‘Coding of Remote-Control Signals by Using 
Pulse Identification,” M. A. Gavrilov, (22 pp, 18 
figs). (Abstract switching theory.)

“Investigation of a Turbine-Drilled Well as an 
Object of Regulation,’ la. B. Kadymov, (11 pp, 8

On the Theory of Nonlinear Solution Elements Em­
ploying Piecewise-Linear Approximation, B. la. 
Kogan, (11 pp, 7 figs).

Diode functional converters, described in an ar­
ticle by Talantsev in the February 1956 issue of 
Avtomatika i Telemekhanika (ED August 1, 1956) 
are used in conjunction with a solution (operational) 
amplifier to approximate a variety of nonlinear 
functions. The article derives some fundamental re­
lationships for a solution amplifier employing step­
wise-linearized nonlinear conductances. The rela­
tionships obtained between the slope of the original 
non-linear function and the slopes of the current 
curves of diode networks connected both in the 
amplifier input and in the external feedback loop. 
Several methods of synthesizing functional con­
verters employing diodes are given.

The methods given make it possible to reduce the 
errors inherent in the functional converter and make 
it possible to reproduce a greater variety of func­
tions. The article also shows how the current char­
acteristics of the diode circuits can be plotted.

IM HIH MACHINE CB.. INC
I ■ I Noble & Jackson Sts.,

■ Norristown Pa
Phone BR 2-6453 • BR 9-2327

SPECIALISTS IN THE DESIGN, TOOLING. ANO FABRICATION OF SMALL TUBULAR MEJAl PARTS

Fnr exacting requirements, you're sure of 
best results with precision made Renbrandt 
Flexible Servo-Couplings They have zero 
backlash and low Inertia and they do 
not introduce velocity variations between 
driving and driven shafts. Available in a

140 LITTLE ST. • BELLEVILLE 
THORTON HEATH • SURREY

function, i.e., to interpolate between adjacent dis­
crete values. To minimize the steady-state error it is 
necessary to improve on the customary straight-line 
interpolation, using suitable interpolating functions 
or polynomials (see Porter, Stoneman, and Lowden, 
“A New Approach to the Design of Pulse-Monitored 
Servosystems,” Proc. IRE. part II, vol 97. 1950). The 
author gives an analytic expression for the steady­
state error and discusses the transfer functions of a 
simple suitable system.
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Just Doings Little Exploring! German Abstract

Feedback

elec
trica! equipment application

NOMINAL DISION CONSPIRATIONS

Operate on current differential as small as .05 amps 
Operate on voltag« differential as small as .3 volts

Contact capacity.... 
Contact arrangement 
Operating power. .. 
Time delays...................

1 amp 30 volt resistive 
.. .SPST (NC) or SPDT 
.... As low as Vi watt 
..............Up to 5 seconds

other zero subscripts have 
analogous meaning.

■' If you 're the man ’ • 
whose product needs

this Tung-Sol Relay 
then it 's you I'm

•. exploring for . •

relays an 
of voltage anil current. Compact and lights 
Tung-Sol lelays are ideal for instruments and

Fig. 1. Four basic feedback circuits: a) Series feedback 
b) Parallel feedback (G — 1 /R) c) Series-Parallel feed­
back [Ri = k(Rt 4- RJ] d) Parallel-Series feedback.

the current gain a; the input resistance Re; and the 
output resistance Ra. In addition, assuming that the 
input terminals are fed from a source of resistance 
Rq and the load resistance is Rl, optimum values of 
input and output resistance are defined as those 
values which match source and load resistance re­
spectively. (These optimum values result in maxi­
mum power gain.)

The results of the analysis are summarized in 
Table I. The notation used in this tabulation uses 
the superscript zero with reference to a quantity 
with feedback. In addition
Rek = input resistance with shorted output terminals 
Rak = output resistance with shorted input
ak = current gain u ith shorted output 

Ral = output resistance with open input

Tung-Sol produces a line of thermal relays in the 
general operating range characterized by the Type 
609. Snap action contacts and extremely sensitive 
actuating heater elements provide uniform cycling. 
Operating principle permits manufacture of time delay 

relays which function on small differential

THE ADVANTAGES of feedback which are re­
alized with vacuum tube circuits are also 

achieved in transistor circuits; i.e. stability and flexi­
bility of input and output impedance values are pos­
sible. A systematic analysis of four basic resistance­
feedback arrangements yield general results which 
can be of value to the designer.

In Fig. 1, four basic feedback circuits are shown. 
The calculations are particularly simple if the cir­
cuit description of the transistor is selected to suit 
each type of connection.

For Fig. la choose
V1 = Tllil + r12i2

V2 = l21il + 712^2

For Fig. lb choose
ii = yuVi + yi2V2

12 = y2ivi + y22v2

For Fig. Ic choose
V1 = hnii + hi2V2

¡2 = h21il + h22V2

For Fig. Id choose
h = gnVi + gi2i2

V2 = g21Vl + g22V2

The quantities of interest are the voltage gain, p;

ELECTRONIC DESIGN • July 15, 1957

Graphically these results are presented (qualita­
tively) in Fig. 2. The various significant ratios of 
characteristic value with feedback to value without 
feedback are shown (not on a linear scale) for the 
emitter connection. (Abstracted from an article by 
W. Glaser, Nachrichtentechnik, Vol. 7, No. 4, April 
1957, pp. 159-162.)

_ NOMINAL CHARACTIRISTICS OP 609
Operating voltage................................................6.4 volts
Operating time.............. 1. plus or minus .5 seconds
Release time.....................1. plus or minus .5 seconds
Contact capacity................................ 1 amp at 30 volts
Contact arrangement. . ............................................. SPDT

For additional data writ»:
Electroswitch Division, Tung-Sol Electric Inc., Newark 4, N. J.

Sales Offices Atlanta, Ga ; Columbus, Ohio, Culver City, Calif; Dallas, 
Tex.; Denver, Colo.; Detroit, Mich.; Irvington, N. J., Melrose Park. Ill.; 
Newark, N J.; Philadelphia, Pa . Seattle, Wash Canada Montreal, I. Q

MUNG-SOL R^v.
CIRCLE 479 ON READER-SERVICE CARD FOR MORE INFORMATION

TUNG-SOL 
RELAY 
609
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Fig. 2. Varia­
tion of parame-
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ransistor Circuits
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when size is a problem

design around
RCA MINIATURE
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Small in size but big in performance . . . the 
RCA 2!4" and speakers solve your 
miniaturized equipment problems.
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F 
ß

a 
a

Table 1. Characteristic values of the four types of transistor feedback circuits.

Fig. la Fig. lb Fig. 1c Fig. Id
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High Sensitivity
provides good volume level 
from limited audio-power 
outputs.

Frequency Response
properly limited to minimize 

reproduction of distortion in
low-power amplifiers and sup­
ply a good tone balance to 
match the air load of minia­
turized enclosures.

Ruggod and reliable, they’re ready for 
long-life operation I For additional

bulletin* now I

Ma».
I..««- o’ "<*' °' 

Coil dia.
Baffle opening 
Magnet weigh’

Resonant Freq

RADIO CORPORATION of AMERICA
COMPONENTS DIVISION CAMDEN, N. J.
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Connectors
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Distributed Constant

Resistors

A si
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2ND Othe
*Man 
North

Send us your specifications or send for Cata­
log 54 giving the complete Brew story.

unde 
miss 
pany

MIDGET. Shell is K* O.D. and is highly 
sensitive to changes over entire area. Single 
wire and two wire types; wide range from 
— 50°F to 500°F; units which either make 
or break on temperature rise for control of 
gases, solids, liquids.

custom built to your specifications 
wide experience in all type lines 
advanced packaging techniques 
special manufacturing and testing procedures 
modern facilities and skilled personnel 
exacting quality control
continuous research and development program

Get new, helpful facts on small-space temperature control 
and detection. Write for free bulletin MC-124, Fenwal Incor­
porated, 177 Pleasant Street, Ashland, Massachusetts.

Lumped Constant 
Ultrasonic

123 WEBSTER STREET 
DAYTON 2, OHIO

MINIATURE. Control within 2°F to 6°F is 
typical, even under 5G acceleration. Fully 
adjustable ranges of —20 °F to 200 °F or 
—20°F to 275°F. Hermetically sealed units 
-20 °F to 200 °F.

Maximum Temperature Control 
In A Minimum Of Space

Controls Temperature 
. . . Precisely

These miniaturized temperature controls utilize the famous 
Fenwal thermoswitch® principle. The outer shell is the ac­
tivating element. That means short heat transfer path, built-in 
temperature anticipation, control stability and inherent ther­
mostatsensitivity of less than 1 °F. That’s why they’re ideal for 
such applications as aircraft, guided missiles, antennas, elec­
tronic equipment, radar, motors, computers, wave guides, 
crystal ovens, etc.

Here are some reasons 
why you can be sure your 
requirements will be 
fully satisfied when you 
come to Brew for delay 
lines:

Now Ledex Rotary Solenoids can solve many high 
ambient temperature remote control problems ... 
have a life expectancy of 300,000 powerful snapi 
action operations at 500° F.! They permit higher 
wattage inputs to produce higher torques... can be 
used in radioactive atmospheres without damage

Eight basic sizes: 1 to 3% inches diameter 
and .2 to 54.0 Ibs./inches torque. Write today for 
complete information!
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IEC Publication 83, Standards for Plugs and 
Socket Outlets for Domestic and Similar Gen­
eral Usf.
This 32-page publication gives the dimensions of 
plugs and outlets for three electrical systems 
throughout the world. These three systems are: 
standards approved by ASA and used in Canada 
and the United States; standards of the British 
Standards Institution and used in India and the 
United Kingdom; and standards of the International 
Commission on the Rules for the Approval of Elec­
trical Equipment and used in Belgium, Denmark, 
France, Germany, Italy, Japan, The Netherlands, 
Norway, and Sweden. Copies of this publication 
may be obtained for $2.40 from ASA, 70 East 45 
Street, New York 17, N.Y.

MIL-C-3989, Connectors, Coaxial, Radio Fre­
quency, and Associated Fittings, Series C, 14 
March 1957
This spec covers weatherproof series C connectors, 
having a nominal impedance of 50 ohms, and asso­
ciated fittings. Qualification inspection is not re­
quired. Supplement 1 references the following con­
nectors which are part of this spec: Plug UG- 
709A/U; Receptacle UG-704/U; Plug UG-707A/U; 
Right-Angle Plug UG-710A/U; Plug UG-711A/U; 
Plug UG-708A/U; Bulkhead Receptacle UG-706/U; 
Bulkhead Adapter UG-701/U; and Bulkhead Re­
ceptacle UG-705/U.

» IN CANADA
' Marsland Engineering Ltd., Kitchener, Ontario

IN EUROPE
USF Ltd., 31-32 Alfred Place, London. England
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MIL-R-19A, Resistors, Variable, Wirebound (Low 
Operating Temperature), General Specifica­
tion for, 9 November 1956

Style RA10 has been added. It is a miniature type 
with a body diameter of 3/4 inch and is rated at 1 
watt. Style RA25 has been deleted. The three styles, 
RA 10, RA20, and RA30 are specified on detailed 
Military' Specification Sheets MIL-R-19/1, 2, 3 re­
spectively. Resistance tolerance of ±5% has been 
deleted, and only a tolerance of ±10% is now speci­
fied. Round shafts have been deleted. The number 
of flatted-shaft lengths has been reduced to one- 
2 1/2 inches. A moisture resistance test has been 
added to replace the humidity test. Low-tempera­
ture operation, low-temperature storage, accelera­
tion, shock, and high-frequency vibration tests have 
been added. This spec supersedes JAN-R-19 and 
Amendment 7 thereto.

through
HIGH HEAT 
DISSIPATION 
A Cui Costs over conven­

tional designs yet still 
improve quality

p Provide superior shield­
ing—totally encased con­
struction.

p Longer Life — potted to 
withstand severe humid­
ity conditions.

★ Highest commercial qual­
ity appearance.

NEW!
withstands

solenoid 
500° F.

Richard D Brew and Company Inc
. Concord New Hampshire

General Transformer Company 
serving industry since 1928

18240 Harwood Avenue, Homewood, Illinois 
(Suburb of Chicago)

r THNEW -lGN 
(ill A production 
w w techniques
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Indicators

FREE
BOOKLET

RETMA Standards Proposals

>r Cuit-

MATION CIRCLE 486 ON READER-SERVICE CARD FOR MORE INFORMATION

It will hold the 
2N119 and the

Fixed Paper 
Application,

CORPORATION
L **-*—■ —ë -*-■—it A w rwCtriCUf .

AVAllABU IM IOUOWIN&
NEMA cLA»m

CIASS »A4 
me vous avmam 

CLAM M-l 
me vom aviuaoi 

CLAM B-C-1 
me veut AvttAoe 

CLAM t-C-2

'exas Instrument 2N117, 2N118
General Electric 2N167, 2N78

Requirements for Gable Gonnectors for Audio 
Facilities for Radio Broadcasting, C83.12-1956 
Requirements for Wire-Wound Powfr-Type Rhe­
ostats, C83.13-1956
Requirements for Rigid Coaxial Transmission 
Lines—50 Ohms, C83.14-1956
Requirements for Electrolytic Capacitors (for 
Use Primarily In Transmitters and Electronic 
Instruments ), C83.15-1956

Other Transistor Clips and Heat Sinks are avail­
able. Send for Bulletin #10.
’Manufactured and sold under exclusive license from 
Northrop Aircraft, Inc.

ATLAS E-E CORPORATION

The following Standards Proposals are being cir­
culated by RETMA for standardization approval: 
S.P. 537, Microwave Towers
S.P. 538, Mechanical Characteristics for Micro­
wave Antennas and Passive Reflectors
S.P. 539, Recommended Practice for Preparation 
of Outline Drawings of Electron Tubes and 
Bases ( Revision to RETMA ET-102-B)
S.P. 540, Designation System for Cathode Ray 
Tubes (Revision to RETMA ET-lll-A)
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Woburn, Massachusetts 
Los Angeles, California

American Standards Association has announced 
that the following standards have been recently 
released or approved:
Electrical Terms, Definitions of, Group 35, 
Transmission and Distribution, C42.35-1957
Electrical Terms, Definitions of, Group 65, 
Communications, C42.65-1957
Methods of Measurement of Pulse Quantities, 
C16.28-1956
Color Coding for Numerical Values of Compo­
nents for Electronic Equipment, C83.1-1956
Nomenclature and Dimensions for Panel Mount­
ing Racks, Panels, and Associated Equipment,

MIL-L-3661, Lampholders and Lights, Indicator; 
Bayonet Base, Miniature and Candelabra, 
Amendment 2, 19 March 1957

The type designation letter for jewel lens D now 
designates plain, polaroid dimmer. A new letter 
designation M has been added to cover the plain, 
shutter dimmer type. Requirements for solder-lug 
wiring terminals have been added. Additional re­
quirements have been established for packaging 
and metal parts. Three MS sheets have been re­
vised.

Patent Pending

A silver-plated beryllium copper clip for holding 
G.E. and Texas Instrument oval silicon transistors 
under the rugged requirements of aircraft and 
missiles. This clip has been designed by a com­
pany* that knows these requirements at first hand.

Self-locking fastener miniaturization 
for avionic applications

This new 36-page brochure reports on ESNA’s progress and 
present status in the field of “reduced dimension” self-locking 
nuts. Cost problems, high temperature performance, product 
reliability and installation techniques are discussed. Detailed 
drawings are shown for the newest miniature hex, clinch and 
anchor nut designs most commonly required for electronic 
equipment, missiles, computers and many types of electrical 
assemblies. Write Dept. N44-757.

ELASTIC STOP NUT CORPORATION 01 AMERICA
Fattener Division • Union, New Jersey
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Even under the most 
severe operating 
conditions, Varfil 

Sleeving and Tubing retains its average 
dielectric strength. Twist it, tie it, bend it, 
wrap it, knot it. Remains just as pliable as 
when you started. Won’t crack, peel or 
suffer dielectric loss. Heat Varfil 2000 
hours at 110* C.—1,000 hours at 125* C. 
—and even for extensive periods at 150* 
C. It won't break down Can be after­
treated in baking and varnishing opera­
tions. Reacts better than other oleoresinous 
materials and synthetic coated tubings. 
Available in handy coils so you can cut 
the exact lengths you need ... no waste. 
Standard colors. Wide range of sizes. Ex­
ceeds or meets all A.S.T.M. specifications.

VARFLEX Cerperatien, 514W. Ceert St., Rome, N.Y.

wMMHv A® The right amount of 
solder every time when you use 

M kester Solderforms in your assembly operation.
/1 Produce better looking and more efficient products 
/ I as well as greatly increase speed 
/ of manufacturing.

WHERE TO USE KESTER SOLDERFORMS
/ / Capacitors • Switches • Resistors • Transformers 
/ Relays • TV and Radio Tuners • Gauges • Small 

LA Metal Assemblies and Controls .. many, many other*.
WRITE TODAY for free samples and complete information

KESTER SOLDER
C O M PAN V 4260 Wrightwood Avenue, Chicago 39, Illinois 

Newark 5, New Jersey * Brantford, Canada
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when you use / KESTER
SOLDERFORMS

C83.9-1956
Requirements for Rectangitlar 
C83.10-1956
Requirements for Metal-Encased 
Dielectric Capacitors for D-C 
C83.11-1956

NIOHU Millenne 
A immoN 

num niKiBiun 
I MOM MAT MSWANCt

AVAUARlf IN COH» 

W tAM «i Arm wa»»

SEND TODAY 
FOR FREE SAMPLE FOLDER



Check the following openings at any of these three locations
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I’M WITH UNIVAC
“I’M WITH UNIVAC”®... your password to a new and exciting world of oppor­
tunity. A career with Univac takes you behind the scenes of important developments 
in national defense, scientific research, business and industry. The tremendous ad­
vances made by Univac in automatic data processing and automation vitally affect 
all of these fields.

Become a member of the team that designs and builds the world-famous Univac 
electronic computers. Build a future for yourself in the most fascinating, fastest- 
growing industry of our times. Investigate the outstanding opportunities now open 
to you at Univac — world leader in this industry.

You’ll be proud to say: “I’M WITH UNIVAC.”

SO. NORWALK, CONN.
Mechanical Engineers (graduates BS 
and MS levels), Design Engineers, with 
or without formal degree, if qualified. 
Send complete resume to Mr. Robert 
Martin, Dept. NJ-3, Wilson Ave., South 
Norwalk, Conn.

ST. PAUL, MINN.
Electronics Engineers, Mechanical Engi­
neers, Electronic Design Engineers, Engi­
neering Writers, Physicists, Mathema­
ticians. Send complete resumé to Mr. 
R. K. Patterson, Dept. SJ-3, Univac Park, 
St. Paul 16, Minn.

PHILADELPHIA, PA.
Electronic Engineers, Logical Designers, 
Physicists, Programmers, Mathematicians. 
Send complete resume to Mr. James 
Drumm, Dept. PJ-3, 1900 W. Allegheny 
Ave., Philadelphia, Pa.

©Registered in U. S. Patent Office. C.RCLE
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Opportunity seldom knocks at all. It 
usually doesn’t even know where you 
live!

Unfortunately, there are a great 
many brilliant, deserving engineers and 
scientists who are patiently waiting for 
their “big chance” to come roaring 
down the street . . . bash in their front 
door . . . grab them by the lapels, 
and trundle them off to top manage­
ment heaven where the big “bundle” 
is made.

Hold on . . . the very fact that many 
engineers are deluding themselves into 
obscurity gives you your greatest com­
petitive advantage in getting ahead.

While your optimistic counterpart is 
futilely waiting for good fortune to 
crash in, all you have to do is expose 
yourself to the people who need you 
so badly.

Through DECISION/INC you can 
do this quickly, easily, thoroughly, con­
fidentially, and at absolutely no cost. 
As management consultants and spe­
cialists in technical-executive recruit­
ing, we have hundreds of clients who 
pay us to find promising men for many, 
many supervisory and management 
positions. Our client list represents more 
first-name employment contacts than 
you could create in your entire lifetime. 
That’s one of the reasons why Decision 
— and only Decision — can give you 
such broad national coverage of engi­
neering opportunities.

Find out how Decision, originators of 
the unique DECISION/REGISTER, 
can help you make the most of your 
real potential. You can’t lose. Mail this 
coupon right now!

DECISION/INC
Publishers of the authoritative 
Engineers’ Job Directory

Oliver P. Bardes, President 
DECISION/INC 
Management Consultants 
1674 First National Bank Building 
Cincinnati 2, Ohio

Let’s get started. Show me the next step.
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MECHANICAL ENGINEERS are using their skills in the de­
sign and development of new mechanisms required for business 
machines and for those mechanical products which are associ­
ated with electronic data processing equipment.

ELECTROMECHANICAL ENGINEERS^ constantly faced 
with the problems of capturing information from the various 
input devices and converting this information into a usable form 
for subsequent use in data-handling equipment.

ELECTRONIC ENGINEERS enjoy an unparalleled freedom 
in the development of new types of circuitry and components 
which are necessary to maintain leadership in the competitive 
field of record-keeping automation.

COMPUTER ENGINEERS backed by the company’s computer 
research since 1938 are developing an economical, flexible digi­
tal computer to meet the requirements of all record-keeping 
applications.

ENGINEERING UNLIMITED
ATONE OF THE WORLDS MOST SUCCESSFUL CORPORATIONS
If you are looking for a challenging opportunity with an established 
company which has tripled its sales in ten years—one that offers excellent 
starting salaries as well as permanent positions . . .
Act at once! Send resume of your education and experience to Employ­
ment Department, Technical Procurement Sec. K The National Cash 
Register Company, Dayton 9, Ohio. NCR

THE NATIONAL CASH REGISTER COMPANY



ENGINEER OPPORTUNITIES AT RAYTHEON

AT RADAR ANTENNA IN OBSERVATION TOWER overlooking Raytheon’s 
Flight Test Facility at Bedford, Mass., engineers work on vital missile projects 
in an informal atmosphere that stimulates creativity.

Advanced work with prime contractor 
for Army Hawk and Navy Sparrow III

The caliber of Raytheon engineering is an indication of the qual­
ity of our staff. Raytheon is the only electronics manufacturer 
with prime contracts involving complete systems responsibility 
for both air-to-air and surface-to-air missiles.
As an engineer in our Missile Systems Division, you associate 
with men of top national reputation in stimulating small groups. 
Our expanding development has created interesting openings in:

CIRCUIT DESIGN 
ELECTRONICS PACKAGING 
SYSTEMS 
MICROWAVE 
ANTENNA DESIGN 
TUBE APPLICATIONS

SPECIFICATIONS 
TECHNICAL WRITING 
AERODYNAMICS 
STRUCTURES 
MECHANICAL DESIGN 
HEAT TRANSFER

Send brief outline of your background to G. P. O’Neil, 
Raytheon Missile Systems Division, Box 7D, Bedford, Mass.

RAYTHEON MANUFACTURING COMPANY 
Missile Systems Division 
Bedford, Massachusetts

Are you the 
ONE MAN IN THREE? !

ContinuedExcellence in Electronics

CIRCLE 559 ON READER-SERVICE CARD FOR MORE INFORMATION
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NEW POSITIONS FOR 
ENGINEERS ANO SCIENTISTS

Interested in the Holistic Approach 
to Practical Problem Solving as 

Practiced by the Development Staff 
of Republic Aviation

Work involves analysis of advanced weapons 
systems, prediction of weapons effectiveness in 
various countermeasure environments, penetra­
tion tactics analysis and associated studies.

This 

VOCI 

grò’

Cie’ 
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tion 
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aire

To conceive, analyze and develop new systems 
for detecting and neutralizing military targets 
using electronic techniques available in any part 
of the electromagnetic spectrum.

Problems in both areas have application from zero velocity of 
VTOL craft to ballistic and hypersonic glide vehicles and weapons.
Men able to take the holistic approach —and able, as well, to 
keep practical objectives always in mind—will discover these 
staff openings offer excellent reward and opportunity for con­
tinued professional growth with the creators of the XF-103 
and the F-105B Thunderchief...most powerful supersonic fighter­
bomber — designed and built under the Weapons System Concept. 
Graduate engineers with various ranges of experience will find 
work levels commensurate with training and ability.

Salaries are highly competitive, benefits advanced and comprehen­
sive. The location is Long Island, prime area on the Atlantic seaboard 
for working, living, relaxing.

Send a comprehensive resume today to 
Mr. George R. Hickman, Engineering Employment Manager 

You will receive a prompt, personal reply.

Farmingdale 11, Long Island, New York

CIRCLE 560 ON READER-SERVIC ECARD FOR MORE INFORMATION
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NEW APPROACH

ELECTRONIC CIRCUIT
DEVELOPMENT

WRITE E. A. GENTRY or CALL ULstcr 1-5500 COLLECT

JRCLE 554 ON READER-SERVICE CARD FOR MORE INFORMATION

RADAR CIRCUIT DESIGN ENGINEER, E.E

LIGHT MILITARY ELECTRONIC EQUIPMENT DEPT.

The Ramo-Wooldridge CorporationFrench Road. Utica, N. \

!IR LE 555 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 556 ON READER-SERVICE CARD FOR MORE INFORMATION
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165

Guided Missile Research and Development 
Aerodynamics and Propulsion Systems 
Communications Systems 
Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Basic Electronic and Aeronautical Research

EIECTRONIC DESIGN • July 15, 1957

Engineers now being selected 
for new A.E.W. group

at General Electric"'» Light Military 
Electronic Equipment Department
The small team forming now will under­
take new design and development work 
on an integrated AIRBORNE EARLY 
WARNING Weapons System contract. 
As the project expands into a full scale 
operation, there will be unusual advance­
ment opportunities for the men who get 
it off the ground.
To qualify for this starting group you. 
will need a minimum of 2 years in cir­
cuit design, involving pulse techniques, 
video amplifiers and moving target in­
dicators. A familiarity with microwave 
design, IF amplifier circuits and modula­
tors would be pertinent also.
This is a good chance to work in special 
advanced radar areas and establish a 
long-range and profitable career in de­
sign with Light Military Department.
For furfker information, please circle the 
Reader-Service Card a few pages back.

Scientists and engineers who are experienced in systems engi­
neering work, or who have specialized in certain technical fields 
but have a broad interest in the interactions between their own 
specialties and other fields, are invited to explore openings at 
The Ramo-Wooldridge Corporation in:

In systems engineering work, it is necessary to bring together 
a team that includes scientists and engineers of a wide range of 
technical specialties, in major weapons-systems projects, such 
teams will include hundreds of scientists and engineers.

But the assembly of a large group of scientists and engineers, 
no matter how capable they may be individually, does not of 
itself ensure good systems-engineering performance. The caliber 
of the project management has a major effect upon its tech­
nical accomplishment. It is not easy to coordinate the activities 
of large numbers of scientists and engineers so as not to stifle 
their creativeness on the one hand, nor to permit the various 
development sub-efforts to head toward mutually incompatible 
objectives on the other.

Of primary importance for good systems management is the 
philosophy underlying the selection of the supervisory person­
nel. The head of a technical activity should, first of all, be a 
competent scientist or engineer. A common mistake — nearly 
always fatal in systems work — is to fill such positions by non­
technical men who have been trained only in management 
techniques. In the highly complex activities of major systems 
work, what is required is technical management, and of the two 
Words, the word technical must never be overlooked.

In the selection of scientists and engineers for technical man­
agement, it is essential that the men chosen be broad in their 
training and approach. Each principal department head, for 
example, must have a good basic understanding of the technical 
facts of life of the other departments. When these people get

Engineering application of newly developed electro mechanical 
filters to transistorized I-F circuits tor both commercial and 
military applications.

This opening is particularly attractive to a young engineer with 
vacuum tube or transistor experience because it offers rapid 
growth in a radically new approach to an established field.

Clevite Research Center develops new principles and new prod­
ucts for other units of Clevite Corporation. The Research Center 
provides the ideal environment for the engineer because it has 
been supplied with the facilities, equipment and library to 
provide new knowledge and new products for Clevite Corpora­
tion, a company whose entire product line is in the growth 
fields of electronics, semiconductors and automotive and 
aircraft power plants.

CLEVITE RESEARCH CENTER
540 East 105 Street 
Cleveland 8, Ohio

together they need to speak a common language and understand 
each other’s fields, so that proper decisions can be made on the 
many interrelated problems that come up. The higher the or­
ganizational responsibility of a technical manager, the more 
important this factor becomes.

The Ramo-Wooldridge Corporation is engaged almost entirely 
in systems work. Because of this, the company has assigned to 
scientists and engineers more dominant roles in the management 
and control of the business than is customary or necessary in 
most industrial organizations.

Technical 
Management 

and 
Systems 

Engineering
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ENGINEER OPPORTUNITIES AT RAYTHEON

EXTENDING THE RANGE of radar is a constant challenge to Raytheon engi­
neers. This 40-foot high-gain L-band antenna was designed to increase the 
range of existing radar and for use with new radar under development.

At Wayland — newest military projects 
plus country living you’ll enjoy
Here’s a laboratory with over 5 acres of ultra-modem working 
area devoted exclusively to the development and design of 
advanced electronic equipment.

There are four independent creative departments:

COMMUNICATIONS—scatter, radio relay, T.V. terminal and mes­

sage circuit multiplex equipment.

COUNTERMEASURES —radar countermeasures equipment, 
advanced countermeasures systems and techniques study.

RADAR — pulse radar equipment including ground-based, air­
borne, long range search, air traffic control, weather and com­
mercial marine.

SONAR — submarine, ship and airborne sonar equipment.

To participate in any part of this advanced development work 
and enjoy New England living, please contact Donald B. Stillman, 
Staff Asst, to Mgr., Box 7D, Wayland Laboratory, Wayland, Mass.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON
CIRCLE 557 ON READER-SERVICE CARD FOR MORE INFORMATION



At Stewart-Warner Electronics... in Chicago

IMPORTANT WORK and GOOD LIVING
You can build a rewarding career here

You may be the engineer or scientist who 
will find at Stewart-Warner Electronics a 
combination of factors that is particularly 
appealing to you. Weigh the factors listed 
below and then if you want additional 
information, tell us your area of interest 
and your qualifications. Here is a brief 
picture of what we offer to men with abil­
ity and imagination:

Typical Scene 
S-W Laboratories

Excellent Suburban Housing

Chicago’s Lake Front

Modern Shopping Centers

Fishing and Hunting

Facilities and Projects. Stewart- 
Warner Electronics maintains excep­
tionally well equipped laboratories 
devoted to a multitude of research 
and development projects ranging 
from commercial facsimile, electronic 
computing products to government 
radar, IFF, communications and 
navigation instruments. Can you con­
tribute originality, imagination and 
sound engineering to such projects?

Educational Opportunities. Stewart- 
Warner Electronics offers tuition- 
free advanced studies at such lead­
ing institutions as the University of 
Chicago, Northwestern University 
and the Illinois Institute of Tech­
nology. Do you have interest in en­
larging your technical knowledge?

Living in the Chicago Area. Chicago 
offers housing to suit everyone’s 
taste, from studio apartments to 
modern suburban homes with lots of ■ 
living space. The area includes some 
of the highest rated grade and high 
schools in the nation. There is almost 
no limit to recreational, cultural, en­
tertainment, shopping and educa­
tional facilities: theatres; major 
league ball parks; collegiate and 
professional football; museums; 
parks; beaches; summer and winter 
sports; huge general and technical 
libraries; concerts; universities; near­
by hunting, fishing, skiing and resort 
areas; ultra-modern shopping cen­
ters, and many other advantages. 
Do you like to see and do things?

A Sound Future. A career at Stewart- 
Warner Electronics combines un­
usual opportunity for individual 
growth with job security. 51 years 
of successful growth stand back of 
Stewart-Warner. And, plans for the 
future are bold. Long term govern­
mental electronics projects are rap­
idly being complemented by a planned 
industrial product expansion pro­
gram of extraordinary scope. Do you 
want to grow with a company that's 
going places?

Museum of Science 
and Industry

Teamwork at S-W

Northwestern University 
Technological Institute

Pleasure Boating

Stewart-Warner Electronics offers per­
sonal recognition, good salaries, good 
living and a good future . ,. with regu­
lar advancement reviews, insurance 
program, a retirement plan and many 
other progressive benefits.

Famous Department Stores

If you think this may be the combination of career factors you 
have been seeking, write today to A. D. Arsem, Manager of 
Engineering and Research. Stewart-Warner Electronics, 1301 N. 
Kostner Ave., Chicago 51, Illinois.

-, STEWART-WARNER

electronics j
STEWRRT

SUJ
Main Plant and General Offices 
1301 N. Kastner Ave.
Chicago 51, Illinois

ELECTRONIC DESIGN • July 15, 1957

W R R n E R A DIVISION OF S T E W A R T - W A R N E R CORPORATION 
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electronic engineers
• DESIGN • DEVELOPMENT

• FIELD ENGINEERING

ST A VID is engaged in design, develop­
ment, modification, installation, 
testing and evaluation of military 
electronic and electro-mechanical 
equipment.

STAVID ENGINEERS possess an en­
viable reputation and are noted for 
their competence and diversification. 
You can fulfill your professional 
ambitions at STAVID.

(New Plant now under construction— 
65,000 square feet)

STAVID offers challenging permanent field 
assignments in New Jersey, the Boston, 
Mass, area, and other desirable locations 
throughout the U. S.

Opportunities available in the 
following fields for those per­
sons with EE or ME degree 
with minimum of 3 peart’ 
experience or equivalent:

• Fire Control Radar
• Missile Electronics
• Coils, Transformers
• Filter Networks
• Instrumentation
• Transistors
• Microwave 
o Servos
• Antennas
• Computers
• Simulators
• Telemetering
• Navigation Systems

Call for interview arrangement or send complete resume to: Personnel Dept.

STAVID
ENGINEERING, INC.

Route 22, Plainfield, N. J. Plainfield 7*1600

CIRCLE 563 ON READER-SERVICE CARD FOR MORE INFORMATION

UNDERWATER
ORDNANCE MISSILE 

SYSTEMS
Research and Development
Design electronic and mechanical control 
circuits for use in underwater acoustic 
homing devices and systems such as tor­
pedoes, targets and decoys.
We have openings for engineers with either 
advanced or limited experience. There are 
openings in both Cleveland, Ohio and Key 
West, Florida,
Clevite Research Center develops new prin­
ciples and new products for other units of 
Clevite Corporation. The Research Center 
provides the ideal environment for the en­
gineer because it has been supplied with the 
facilities, equipment and library to provide 
new knowledge and new products for 
Clevite Corporation, a company whose 
entire product line is in the growth fields 
of electronics, semiconductors and auto­
motive and aircraft power plants.
WRITE E. A. GENTRY OR CALL ULster 1-5500 COLLECT 

CLEVITE RESEARCH CENTER
540 East 105th Street Cleveland 8, Ohio

CIRCLE 564 ON READER-SERVICE CARD FOR MORE INFORMATION
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Check these immediate opportunities with your capabilities and write today

SEMI-CONDUCTOR DIVISION

Physical

CIRCLE 565 ON READER-SERVICE CARD FOR MORE INFORMATION
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Newest, most complete electronics de­
velopment laboratories in the country.

WESTERN MILITARY 
ELECTRONICS CENTER

Engineering positions also available at
Motorola, Inc. in Chicago, Illinois and Riverside, California.

Transistor 
Applications

Transistor Device 
Development 

Solid State 
Physics

Radar Systems 
Design

Systems Test and 
Analysis

R-F and l-F 
Circuit Design

Metallurgical 
Engineering 

Production 
Engineering

Transistor 
Applications 

Microwave 
Techniques 

Pulse and Video 
Circuitry

OTO RO LA. „.c

A separate division developing, produc­
ing and selling semi-conductor devices: 
ELECTRONIC ENGINEERS, MECHANICAL 

ENGINEERS, CHEMICAL ENGINEERS, 
PHYSICISTS, METALLURGISTS

ELECTRONIC ENGINEERS, 
MECHANICAL ENGINEERS, PHYSICISTS

Servo Mechanisms
For above positions write:

Mr. William Beardsley 
Motorola, Inc.— Dept.B 

Western Military Electronics Center 
8201 E. McDowell Road 

Phoenix, Arizona

^inloInZD 
w family are enjoying life. That’s one big reason

M°tor°la Seated its new plants in sunny Arizona.
In a choice residential and resort area 

northeast of Phoenix, Motorola men are free 
from traffic snarls, commuter trains, crowded 

Mar- buses, snow, smog and mud. The climate is
9//^^ warm and dry. There’s plenty of room. Home 

construction costs are among the nation’s lowest. 
Most Motorola men in Arizona live within

15 minutes of their work. Vast, scenic 
SkVjwfj vacationlands are within easy driving distance 

for week-end family fun. The nearby colleges 
provide advanced courses for continuing scientific study, 

cooperating enthusiastically with Motorola and other national 
manufacturers moving into this growing electronics center.

The result is, frankly, a perfect set-up for any man who wants to build a 
better career in electronics. Expansion is opening up 

new positions with a promising future.

SALES PERSONNEL
Field Sales Engineers Sales Administration

For above positions write:
Mr. Vernon Sorenson 

Motorola, Inc.— Dept. F 
5005 E. McDowell Road 

Phoenix, Arizona

in Phoenix 

WORK^WHERE IT'S



168

Frank W. Fink, Ryan V.P., Chief Engineer

"What do you 
need for a

successful avionics career?”

Your future is brighter at Ryan because of this unique com­
bination of advantages:

SPECIALIZATION—Ryan is far advanced in the use of con­
tinuous wave radar techniques in three important fields: 
global navigation, missile guidance and helicopter hovering. 
An Automatic Navigator—global in scope and completely self- 
contained—is in production.

DIVERSIFICATION—Ryan’s electronics work involves micro­
wave engineering, advanced electronic circuitry, transistoriza­
tion, servomechanisms, field engineering, advanced system 
engineering and electronic production engineering.

SIZE —Ryan is big enough to have complete electronics lab, 
environmental test and machine shop facilities... yet small 
enough so you will never feel “lost in the shuffle?

CLIMATE AND SCHOOLS —you will enjoy clear-sky San 
Diego where living is unlimited. You will benefit from graduate 
electronics engineering courses in San Diego’s fine schools, 
where you can earn up to an MS degree.

Ryan needs all types of Electronics Engineers, Designers, Analysts, 
Specialists. Invest in your future—act now—write to James Kerns, 
Engineering Division — Ryan Aeronautical Company, 2708 Harbor 
Drive, San Diego 12, California.

RYAN AERONAUTICAL COMPANY
CIRCLE 561 ON READER-SERVICE CARD FOR MORE INFORMATION



Research and Development ENGINEERS

fJEW career opportunities 

with MOTOROLA
• 2-WAY MOBILE COMMUNICATIONS
• PORTABLE COMMUNICATIONS

Here is opportunity unlimited for men who like chal­
lenges and the rewards that go with accomplishment. 
You’ll be part of the Communications and Electronic 
division of the world’s largest manufacturer of 2-way 
radio—Motorola. And you’ll have ample opportunity 
to grow right along with the dynamic, rapidly expand­
ing uses for Handie-Talkie radiophones and mobile 
2-way radio communications.

You’ll enjoy working in well instrumented labora­
tories and benefit from association with men of the 
highest technical competence. There are many liberal 
employee benefits, including an attractive profit 
sharing plan.

Salary levels are open and commensurate with 
ability. Directly related engineering experience is not 
needed.

POSITIONS AVAILABLE IN:

2-WAY RADIO COMMUNICATIONS
• Receiver design & development • Transmitter design & 
development • Power supply • Systems Engineering
• Selective Signaling • Transistor Applications • Crystal 
Engineering

PORTABLE COMMUNICATIONS
• Design of FM Communications in portable or sub­
miniature development

For full discussion of these opportunities—Write:
Mr. L. B. Wrenn q f j
MOTOROLA INC.
4501 Augusta Blvd.
Chicago 51, III.
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Electronics Engineers
Let’s put our futures together!

To see how fast you can grow at Stromberg- 
Carlson, simply check the record.

A look at what we’ve done and what 
we’re doing will show you where you may 
fit... give you an idea of your growth 
potential in an organization that’s really 
booming.
OUR PAST:
/ Originated remote control for radio and 

phonograph.
/ First commercial producer of shielded 

neutrodyne radio receiver.
/ Pioneered in AM and FM radio broad­

casting.
/ First to produce FM receivers.
/ Pioneered in the manufacture of televi­

sion receivers.
/ Built first 24" TV receiver.
/ Pioneered in high fidelity radio and rec­

ord reproduction at least a quarter of a 
century ago.

OUR PRESENT:
/ Exclusive producer of Charactron* 

shaped-beam tube.
/ Produce largest-screen radar indicator 

built entirely to mil specs.
/ Leading designer and manufacturer of 

electronic equipment for communica­
tions and navigation, radar and counter­
measures, data handling and automation.

/ Our electronics engineering staff has 
grown 12 times since 1953!

OUR FUTURE:
/ Continued rapid, orderly growth, with 

increasing opportunities for engineers.
If you want to link your future with ours 

and grow with us, here’s a check list for you! 
/ Name, address, home telephone number 
/ College, degree
/ Electronics experience
/ Other experience
/ Preferred field of work

Send a brief letter or resume covering these points to: 
Arthur N. Paul, Director of Technical Personnel

1402 N. Goodman Street • Rochester 3, N. V.

CIRCLE 553 ON READER-SERVICE CARD FOR MORE INFORMATION

Communication Systems
Components and 
Specifications
Countermeasures
Data Systems

• Digital Techniques
Field Engineering
Infrared

• Mechanical Design
• Microwave Circuits
• Missile Guidance 

Systems
Radar
Sonar

• Sales Engineering
Systems Test Equipment

• Transistor Engineering
Writers—Technical
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de null detector 

micro-microammeter 

microvolt level de amplifier 

microvoltmeter

| A dozen good reasons why KIN 
TEL’s Electro-Galvo solves your low- 
level de measurement problems

Sensitive- Rugged- Versatile

20 Micro Microamps Per Division 
Sensitivity

General Transformer Co. . 
General Transistor Corp. . 
Globe Industries, Inc...........  
Good-All Electric Mfg. Co. 
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Functionally equivalent to suspension galvanometers, but 
with far greater versatility, the Model 204A is the ulti­
mate for DC null detection in low level bridge and 
potentiometer circuits. KIN TEL’s chopper stabilized, all 
transistor design provides extreme sensitivity and rugged 
durability superior to conventional moving coil or elec­
tronic galvanometers.

zb 10 Microvolts to 10 Volts or ± 
0.001 Microamp to 1 Milliamp Full 
Scale Sensitivity

3 Withstands Extreme Overload with No 
Zero Offset

4 Transistorized — Rugged — Insensi­
tive to Shock, Microphonics, Position

Kay Lab (see Kin Tel)
Kearfott Co., Inc. Little Falls Div.
Kearfott Co., Inc. Western Div. .
Keithley Instrument Co...................
Kester Solder Co.................................
Kin Tel ((Formerly Kay Lab) .
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Kulka Electric Mfg. Co.....................

L E L, Inc..............  
Leland, G. H., Inc. 
Librascope, Inc. . .. 
Lowell Mfg. Co. . 
Luther Mfg. Co. . .

................... 157

................... 143

................... 157

................... 129

................... 54

................... 141

................... 146

................... 171
..................... 121
65, Insert XVII
.................... 92

..................... 120

..................... 2

102
104
104

113,

134
131
136
161
170

28
139

R, theor 
Ri.ves 1 
p. nngt< 
R<nbran< 
Republic 
Rt x Corj 
Rheem
Rt .iron 1 
Rxan Ac

Safeway
Sanborn

Simpson 
Sola Elc 
Sorensei 
Southen 
Sotithco 
Speer-C 
Sprague 
Stackpo 
Standar 
Star Sti 
Stathair 
Stathan 
Stavid 
Steafix 
Stewart 
Stromb« 
Sturtev 
Superio 
Sylvani 
Sylvani

Immune to overload and shock, the current sensitivity of 
the Model 204A is 20 times greater than the sensitivity 
of high quality, mechanical current galvanometers. As a 
voltage galvanometer, the extremely high power sensi­
tivity of the Model 204A makes it superior to low 
impedance moving coil instruments. This reliable, gen­
eral purpose unit is ideal for use as a direct reading 
indicator for strain gage thermocouple and other current 
or voltage measurements in industry or laboratory. The 
204A’s simplicity of operation makes it the key to effi­
cient production line testing. Its unequalled stability makes 
it ideal for low level DC amplification to extend the 
range of recording and other measurement instruments.

5 Floating Input

6

7

8

7 Voltage or Current Ranges

10,000 Ohm Input Resistance

10’4 Watts Full Scale Power Sensi­
tivity

9 Equivalent Built-in Ayrton Shunt — 
No Accessories to Buy

10 Use as Stable DC Amplifier with 1 Volt 
at 1 ma Output

Representatives in all major cities. 11 Less than 2 Microvolts Drift

12 Less than 1 Microvolt P-P Noise

5725 KEARNY VILLA ROAD • SAN DIEGO 11
CALIFORNIA BROWNING 7-6700 Model 204A Price $325.00

Magnetics, Inc. Components Div......................................
Makepeace, D. E. Co.............................................................
Mallory, P. R. & Co..................................................................
Mansol Ceramics Co................................................................
Marconi Instrument Co.........................................................
Mica Insulator Co.....................................................................
Microtran Co.............................................................................
Millivac Instrument Corp......................................................
Minneapolis-Honeywell Regulator Co., Industrial Div.

89
83

106
157
125

56
146

42
95

Technii 
Techni' 
Technc 
Texas 
Trans-! 
Transe 
Transis 
Transis 
Trio L 
Triplet 
Tung-!

Minneapolis-Honeywell Regulator Co., Transistor Div. . . Insert XXIV
Model Engineering & Mfg. Co...........................
Motorola, Inc..........................................................
Motorola Semi-Conductor Products ..............
Motorola, Western Military Electronics Div.

NJE Corp......................................
National Cash Register Co. .
National Vulcanized Fibre Co.
Natvar Corp.................................
Navigation Computer Corp. .
Norden-Ketay Co.......................

Oak Mfg. Co............
Ohmite Mfg. Co. . . 
Oster, John Mfg. Co.

Pacific Semi-Conductors. Inc...........
Perkin-Elmer Corp., Vemistat Div.
Phaostron Co........................................
Phelps Dodge Copper Products .
Philco Corp., Lansdale Tube Div.
Philbrick Researchers, George A .
Polyphase Instrument Co..................

............... 112

............... 168
Insert XXIII
............... 167

101
163

71
35

143
55

. Insert XIII 
............ 100 
........... 129 
............ 27 
86, Insert V 
........... 127

Unima 
Union 
Unitec 
Unitec 
Univei 
Unive

Varile
Variai

Watei 
Week 
West
Ueste 
U esti 
Westi 
Westi 
U < stc 
" ilej 
V ilm
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99 
32

108 
Hl 
L14

157 
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L29
54 
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L46 
171 
121 
VII
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120
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102 
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34 
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.36
61
70 
28
39

47 
60 
74 
15 
40

89 
83 
06 
57 
25 
56
46 
42 
95 
IV 
12 
68 
III 
67

01 
63
71 
35
43 
55

68 
67 
93

II 
JO 
29 
.7
V 
li 
;6

7

Pl
Pc
Pr
Px

R 
R
R 
R. 
R.
R

echnic Research & Development Co. 
r & Brumfield ......................................  
ier Metal Products Co.........................  
National Co., The...............................

o Condenser Co ....................................
■> Corp, of America...............................
, Corp, of America, Components Div.

Industries. Inc.......................................
-Wooldridge Corp...................................

heon Mfg. Co., Industrial Div...........
r :heon Mfg. Co., Personnel...................... 
R. theon Mfg. Co., Semi-Conductor Div. 
R< < ves Instrument Corp.................................  
F. nngton Rand, Inc. Univac...................  
Rcnbrandt, Inc...................................................  
Republic Aviation Corp.................................  
Rt x Corp., The................................................ 
Rheem Mfg. Co...............................................  
Matron Mfg. Co.................................................  
Rvan Aeronautical Co.....................................

Safeway Heat Elements, Inc...............................................
Sanborn Co.................................................................................
Servs-Tek Products Co., Inc...............................................
Simpson Electric Co..............................................................
Sola Electric Co.........................................................................
Sorensen Co., Inc.....................................................................
Southern Screw Co..................................................................
Southco Div., South Chester Corp.....................................
Speer-Carbon Co., Jeffers Electronic Div.......................
Sprague Electric Co..................................................................
Stackpole Carbon Co., Electronic Components Div. . .
Standard Pressed Steel Co......................................................

I Star Stainless Screw Co.........................................................
Statham Development Corp...................................................
Statham Laboratories, Inc....................................................

I Stavid Engineering ................................................................
I Steafix ........................................................................................
I Stewart Warner Electronics ................................................
I Stromberg-Carlson Co..............................................................
I Sturtevant, Co., P. A..............................................................
I Superior Tube Co.....................................................................
I Sylvania Electric Products. Parts Div................................
I Sylvania Electric Products, Tungsten & Chemical Div.

I Technic, Ine..........................................
I Technitrol Engineering Corp. . . .

Technology Instrument Corp. . . .
I Texas Instruments, Inc.....................
I Trans-Sonics ......................................
I Transes Products...............................
I Transistor Devices, Inc.....................
I Transistron Electronics Corp...........
I Trio Laboratories, Inc.......................
I Triplett Electrical Instrument Co.
I Tung-Sol Electric Co.........................

Unimax Switch Div..................................................................
Union Switch & Signal Div., Westinghouse Air Brake 
United Carbon Products Co., Ine .................................  
United States Electronics Development Corp................  
Universal Transiston Products, Corp.................................  
University Loudspeaker, Inc................................................

Varflex
Varian

Waters

Corp. . . . 
Associates

Mfg. Co.
Weckesser Co. . .. A.......................................................  
West Coast Electrical yMfg. Co...................................... 
Western Gear Corp.'.........................................................  
Westinghouse Electric Corp., Industrial Tube Div. . 
Westinghouse Electric Corp., Semi-Conductor Div. 
Westinghouse Electric Corp..............................................  
Weston Electrical Instrument Co.................................  
" iley & Sons, John, Inc...................................................
" ilmad Glass Co................................................................

-o Mfg. Co.

72, 73
. . 96
. . 145
. . 135

12,
130,

45
172
159
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Insert XVIII

164, 166 
4

88
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157
164
110

87 
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168

. . 115 
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. . 137 

. . 62 
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. . 144 
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. . 77 
. . 136 
61, 80 
16, 17 
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. . 135 
. . 167 
. . 149 
. . 166 
. . 169 
. . 154 
. . 143 
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.... 124

.... 119
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117
105
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6, 7
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158
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. . 140 
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. . 79 

. . 153 
84, 97 
. . 23 
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. . 142
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SPECIFIC A T I O N S

Sweep Range: 0.02 ,, sec/cm to 1 5 sec/cm.

Calibration: 24 sweeps: 1 -2-5-1 0 sequence, 
0.1 usec/cm to 5 sec/cm. 3% accuracy.

Triggering: Internal, line voltage or external 
0.5 v or more. Pos. or neg. slope, —30 to 
— 30 v trigger range.

Preset Trigger: Optimum setting for auto­
matic stable triggering.

Horizontal Amplifier: Sweep magnification 
5, 1 0, 50, 1 00 times. Vernier position control 
selects any 10 cm’part of sweep. External in­
put pass band de to o\er 500 KC. Sensitivity 
200 mv/cm to 15 v/cm.

Vertical Amplifier: Pass band de to 10 MC 
Optimum transient 'espense and rise time less 
than 0.C35 usee. Signal delay of 0.25 nsec 
permits leading edge of triggering signal to 
be viewed

Amplitude Calibration: 1 8 calib. voltages, 
1 -2-5-1 0 sequence, 0.2 mv to 1 00 v peak-to- 
peak. Accuracy 3%. Apprex. 1 KC square 
wave, rise and decay approx. 1.0 nsec.

Prices: -hp- 1 50A High Frequency Oscillo­
scope, $1,1 00.00
-hp- 1 51 A High Gain Amplifier, S200.00
-hp- 1 52a Dual Channel Amplifier, 5250.00

V

-hp- 150A

HIGH 
FREQUENCY

OSCILLOSCOPE
New reliability • New convenience 

DC to 10 MC. Plug-in preamplifiers 

24 direct reading sweep times 

Sweeps 0.02 jisec/cm to 15 sec/cm 

“Universal” automatic triggering 

New, ultra-conservative design

New Model 150 A is not a "warmed-over” imitation 
of previous oscilloscopes. Instead it is a totally new 

kind of instrument whose radical design approach 
obsolètes old standards of oscilloscope versatility, 

simplicity and dependability.

Specifications given here spell out the 150A’s unique 
usefulness. Its simplicity and reliability stem from 

such unique features as: Unitized circuits, easily 
isolated for testing or service, etched and mounted 

on translucent plastic. Highest quality components, 
operated well below ratings. Concentric, color- 

coded, functionally-grouped controls. Direct sweep­
time selection; no mental gymnastics. Universal 

automatic triggering system wherein one preset 
adjustment provides optimum triggering for 

almost all conditions.

Wouldn’t you prefer a really new, convenient 
oscilloscope? Call your -hp- representative today for the 

complete story. Or, write direct.

HEWLETT-PACKARD COMPANY
4053K PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A.

CABLE “HEWPACK” • DAVENPORT 5-4451 
Field engineers in all prlntipal areas

Data subject to change without notice. Prices f.o.b. factory.

also offers -hp- 130A Low Frequency Oscilloscope, 
de to 300 KC, sweeps 1 psec/cm to 12.5 sec/cm.
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Tube Division Harrison, N. J

East: HUmboldt 5-3900 
744 Broad Street 
Newark 2, N. J.

Midwest: WHitehall 4-2900
Suite 1181 
Merchandise Mart Plaza 
Chicago 54, Illinois 

West: RAymond 3-8361
6355 East Washington Blvd. 
Los Angeles 22, Calif.

long as 60 seconds after writing stops. It 

can “write” at speeds as high as 300,000 

inches per second —fast enough to 

“freeze” microsecond transients for vis­

ual or photographic examination.

Are you working with airplane-cockpit 

radar —fire-control radar —airport sur­

veillance-transient studies—data trans­

mission, including half-tones—visual 

communications via narrow-bandwidth 

transmission? If you are, then don’t 

overlook the unique advantages of the 

RCA-6866.

For technical bulletin on the 6866, write RCA, 
Commercial Engineering, Section G 18 Q-2, 
Harrison, N. J. For sales information on this 
and on other RCA display storage tubes now 
in development...contact the RCA Field 
Office nearest you.

No hood needed for this presentation, 

because the RCA-6866 Display Storage 

Tube pictured here produces an average 

display brightness of 2750 foot-lamberts 

—brilliant enough to view directly in 

bright daylight!

In addition to its application in mili­

tary electronics, RCA-6866 offers many 

exclusive features of special interest to 

equipment designers in the field of elec­

tronic data processing. For example, 

RCA-6866 can present non-flickering 

display of electronic information—for as
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	A one-piece, four-foot dish antenna designed for

	tubular mast mounting is secured to 4 in. IPS tubu¬

	lar masting by two heavy-duty clamps. The clamps

	are designed to produce an even, tight connection

	assuring positive orientation under extreme wind

	This model is constructed on a ring principle.

	The basic ring is a circular heavy-weight aluminum

	disc supporting cantilever aluminum arms, which

	extend to the perimeter. The parabolic surface is

	covered with expanded aluminum mesh, inert arc-

	welded to the supporting arms. The antenna is de-

	signed to operate in the range of 1000 through

	Technical Appliance Corp., Dept.

	This instrument will detect, totalize, and record

	insulation faults in material travelling at 400 ft. per

	mm. with 1-in. long electrode. It will detect pinhole

	invisible to the naked eye at this speed.

	The tester will detect and register every fault,

	cps testers and fault relays which do not register

	faults if they occur too close together in time.

	Te sting is non-destructive. It will not burn insula-

	tion. nor mark it in any way. The output is non-

	leth )|. At 10 kv de the maximum short circut cur-

	for Air-borne Power Supplies and Other Military and Industrial

	Applications

	Aircraft Safety Device

	Thyratron
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	Hexagon Nut Drivers

	Miniature Sizes

	Signal Generator 900-2100 Mc
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	fi

	Twin Triode Oscillator

	Strain Gage Bridge

	General Purpose, Low Frequency

	General Purpose, Low Frequency (cont.)

	crease both input and output impedances. A com-

	bination of these forms of feedback may be used for

	impedance stabilization.

	to limit the upper frequency response. They are the

	transit time of minority carriers across the base re¬

	gion, and the capacity of the collector junction. The

	capacity of the collector junction is similar to the

	plate capacity of vacuum tubes and may be com-

	pensated for to a certain extent by external cir-

	cuitry. The transit time for minority carriers across

	the base region is similar to the transit time for elec-

	trons from cathode to plate in a vacuum tube. Ex¬

	ternal circuitry can do little to help the situation

	and a different design of the transistor is required

	to improve the frequency response.

	There are many designs which tend to extend the

	upper frequency at which amplification may occur.

	These are listed below with their approximate up¬

	per cutoff frequencies, fab.

	Conventional n-p-n or p-n-p:

	N-p-n or p-n-p with very

	thin base regions:

	Power and frequency response

	versely related. Plotting frequency versus power

	handling (see Fig. 2) reveals approximately a

	straight line relationship. The low frequency re-

	July 15, 1957

	General Purpose, Low Frequency (conf.)

	General Purpose, Low Frequency (cont.)

	High Frequency, Switching

	High Frequency, Switching (cont.)

	High Frequency, Switching (cont.)
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	Typical Switching Operation

	10451 West Jefferson Boulevard, Culver City, California

	TABLE II h Parameters to r Parameters

	TABLE IV z Parameters CB-CE-CC
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	TABLE V r Parameters to z Parameters

	TABLE VI h to z Conversion

	TABLE VII z to h Conversion
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	Transistor

	Test Equipment Survey

	for your transistorized circuits

	I. F. TRANSFORMERS


	for your transistorized circuits

	Parameter Analyzers

	DESIGN •

	I Color Drafting Pencils

	Pen-Size Oller

	The Pulling Elbow permits easy wiring. Wires

	are slipped straight through conduit and out one

	hub. A big loop of wires is made and again

	pushed through hub and conduit. The wires are pulled out from the other end of system. The cover

	attaches quickly with big screws and will open

	easily. The Elbow is made of top quality malleable

	iron with heavy cadmium plated finish. Full neo-

	prene gaskets and large cover screws designed to

	fit snugly in opposed corners without protruding

	inside. In addition, the cover is domed for greater

	rigidity and provides more wire area inside elbow.

	Smooth ground surfaces provide better cover and

	gasket seal. Hubs have precision tapered pipe

	threads and are positioned exactly 90 deg from

	center. The smooth inside surfaces eliminate the

	possibility of skinning insulation on wire when it is

	pulled through electrical system.

	Ideal-Simplet Fittings, Inc., Dept. ED, 5098 Park

	A broadband sweeping oscillator with six switched

	bands, the Rada-Sweep Sr. has 24 precise crystal

	markers set at customer specified frequencies. Cen¬

	ter frequencies are from 1 to 260 mc. The instru-

	ment is designed and built for sweeping radar i-f

	units up to 280 mc.Rf output: 0.5 v rms into nominal

	'0 or 50 ohms. Higher for lower frequency units.

	Output held constant to within ±0.5 db over widest

	sweep by age circuit. Attenuators: switched 20 db,

	10 db, 2 db plus continuously variable 6 db. A true

	zero base line produced on the oscilloscope during

	retrace time. Sweep output: sawtooth synchronized

	with sweeping oscillator.

	Kay Electric Co., Dept. ED, 14 Maple Ave., Pine

	Bolometers and


	Two broadband disc bolometers for coaxial de-

	tectors, Models N603 and N603-4.5, covering the

	frequency range of from 500 to 10,000 mc, and a

	broadband disc thermistor, Model N335, covering

	the same frequency range, have been developed.

	The Model 603 bolometers consist of two 100-ohm

	Wollaston wire bolometer elements mounted on a

	mica disc. The mica discs incorporate the rf bypass

	capacitor for the ungrounded end of the bolometer

	as well as a blocking capacitor at the central junc¬

	tion between the 100-ohm elements. This provides

	rf contact to the transmission line center conductor

	while blocking the bias current. The elements are

	in series to present a 200-ohm resistance to the ex¬

	ternal de or af bias circuits and are arranged to be

	in parallel in the rf transmission line, thus acting as

	a 50-ohm termination.

	The Model N335 thermistor is specifically de-

	signed for use with the Model 561 coaxial bolometer

	mount for microwave power measurements. The

	thermistor is used with microwave power meters ca-

	pable of supplying the necessary 12 to 15 ma bias to

	measure power levels from 0.01 to 10 mw. Because

	of the long time constant, approximately 1 sec, the

	thermistor is particularly suited to measurement of

	pulsed signals. It is not susceptible to burnout, but

	in any case is readily replaceable and does not re-

	quire tuning.

	The Narda Corp., Dept. ED, 160 Herricks Rd

	Mineola, N.Y.

	RF Preamplifier


	Model 1 provides a gain of 35 db at band center

	and Model 2 provides 50 db, both with a maximum

	noise figure of 3.5 db. Frequency response is within

	3 db over the band of 215-247 mc. The unit occu-

	Pæs a volume of 1/3 cu ft and weighs less than

	Electromechanical Counter

	Sampling Switch

	VHF Directional Antenna


	Use high-quality, dependable

	in your measuring circuits and servo loops

	X-Band Stabilization System

	LI nt


	Honeywell

	uU

	Standard and Null Meter


	957

	Ceramicite

	Punched Card Sensor

	Variable Delay Line




	FROM SPECS TO PROTOTYPES -FAST

	DEARBORN ELECTRONIC LABORATORIES

	100

	SOLID STATE POWER SUPPLIES

	Phasemeter

	EXPLORE the unique properties of PRECIOUS METALS

	Frequency Interval Meter



	Electronic Designers:


	OVER 240 MODELS

	I OF JOY FANS

	Magnetic Voltage Regulator

	5 KVA

	Eliminate special set-up charges! Pick the tube socket you need from Johnson's 3 basic grades...

	Gl dì

	ges1 from

	TRANSISTOR CIRCUIT ENGINEERING

	BY DESIGNING TO CHARACTERISTICS OF LOW IMPEDANCE A-C DIFFERENTIAL TRANSFORMERS



	IGUDEBROD

	What makes a relay RELIABLE?

	109


	K-F WIRES

	MECHANICAL CHARACTERISTICS

	ELECTRICAL PROPERTIES


	Microforms

	Semiconductors

	Herbert Drapkin

	ent are germanium for its high frequency prop-

	Donor dopes include antimony, arsenic, bismuth,

	erties, and silicon for its greater efficiency at higher

	temperatures. Experimentally other compounds

	show the high frequency properties of germanium

	at the temperatures where silicon devices work best,

	but for the purpose of description these two basic

	elements are used as examples.

	Microforms of pure germanium and silicon are

	cut from single long crystals grown from zone-puri-

	ned metals. The crystals are first started as seeds

	and pulled from their melts at about 1 mm per min.

	Purified germanium, or silicon, must be innoculated

	during crystal growth with precise amounts of dop¬

	ing elements, which either donate electrons to cross-

	sections of the growing crystal or take electrons out.

	phosphorus. Acceptors include boron, gallium, in-

	Junctions of types p or n are created in the crystal

	by letting pellets or spheres of the appropriate in-

	noculant slide down a tube into the melt intermit-

	tently. Microforms cut from such doped germanium

	or silicon crystals grown by this method have either

	n or p, or both, junctions grown into them.

	Other devices use microformed wafers of pure

	germanium or silicon to which the impurity is fused.

	For example, a pellet of indium is placed on a wafer

	of n-type germanium. The unit is slowly heated. At

	156 C, the indium melts into a tiny blob. As the tem-

	perature continues to rise the spot of germanium on

	which the indium rests begins to melt and dissolve

	Effecting Time Delay with

	GLENNITE® Thermistors

	ulton Industri


	New Literature

	Electrolytic Capacitors




	Safeway ~

	FANSTEEL METALLURGICAL CORPORATION

	Industrial Materials

	279

	* TEMPERATURE

	• MISSILE RESEARCH • AIRCRAFT CONTROL


	TRANS-SONICS

	High Density Felts	280

	SRI Journal


	■STEEL

	LICON TIFIERS
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	290

	400 cycle HI-TEMP

	solenoid!
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	310

	Slow Worm Motor

	318

	Pulse Burst Generators

	321

	311

	322

	VHF Transmitter

	319

	Ballast Heating

	323

	Industrial Heating

	320

	New “High Strength” wire with 400% longer “flex-life’ 25% greater “tensile strength


	WIRES, INC.

	Cool Magnetrons and Power Tubes with Model D Blowers

	NO TOOLING COSTSI





	5 F series

	If) DIEHL MANUFACTURING COMPANY

	UTUAL and SELF INDUCTANCE BRIDGE

	ACRO

	SUBMINIATURE

	SWITCH

	125

	MC!

	DIRECT READING


	SPECIFICATIONS:

	UNIVERSAL COUNTER-TIMER

	price $1,100.00

	UNIVERSAL

	COUNTER-TIMER

	Computer-Measurements Corporation

	126

	xpar sion Joints

	378

	Aircraft Thermocouples	379



	low-level BUILD-IN AC VTVM with BUILT-IN ISOLATION

	PHILBRICK PLUG-IN DC

	AMPLIFIERS

	1 1


	PHILBRICK

	127

	401

	402

	400

	NEW PHAOSTRON EXPANDED SCALE AC Voltmeter

	GENERAL FEATURES


	CERAMASEAL LEAK-TIGHT TERMINALS

	CERAMASEAL, Inc.

	for ACCURATE MEASUREMENT of

	FREQUENCY, PERIOD, or TIME INTERVAL


	for Laboratory Test Bench Use

	CHECK THESE FEATURES




	cit

	FOUR NEW G-E

	TRANSISTORS

	DESIGN FEATURES

	GENERAL

	ELECTRIC

	KEARFOTT COMPANY, INC., LITTLE FALLS, N.J.




	PYLE-NATIONAL’S

	JEFFERS ELECTRONICS DIV.

	Speer Carbon Co. Du Bois, Pennsylvania

	Instant attachment

	COMPANY


	transistor power supplies

	NEWLY DESIGNED FOR TRANSISTOR VOLTAGES

	SORENSEN A COMPANY, INC. • SO.NORWALK• CONN.





	Electra

	newest name

	ceramic disc

	resistors

	145

	SEAL CORPORATION

	1957

	STANDARD MINIATURE

	SUBMINIATURE TRANSISTORIZED



	MODEL 409

	RECORDING OSCILLOGRAPH

	Century Electronics & Instruments, Inc.

	148


	Books
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	Westinghouse

	ransistor Circuits

	E. Brenner

	when size is a problem

	design around


	RCA MINIATURE

	DECISION/INC





	NCR

	Advanced work with prime contractor for Army Hawk and Navy Sparrow III

	At Wayland — newest military projects plus country living you’ll enjoy

	IMPORTANT WORK and GOOD LIVING

	SUJ

	STAVID

	UNDERWATER


	ORDNANCE MISSILE SYSTEMS

	Research and Development


	successful avionics career?”

	RYAN AERONAUTICAL COMPANY

	fJEW career opportunities with MOTOROLA



	NEW ELECTRONIC GALVANOMETER

	also offers -hp- 130A Low Frequency Oscilloscope, de to 300 KC, sweeps 1 psec/cm to 12.5 sec/cm.





