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With the development of the 
fused base transistor the circuit
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basically they consist of high grade base phenolic sheet with IRC resistance 
material permanently bonded by carefully controlled heat processing.

Resistance strips can be supplied by IRC with either side or end termination 
or further processed to form particular shapes for individual requirements.
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HIGHLIGHTS OF ISSUE

MAN—Can you use US? IRC Resistance Strips and Concentric Disc 
Resistors des. pt. or full-time job in electronics, espec, in servomechanical, 
telemetering & UHF equipment fields. 10 yrs.’ exp. Adaptable to special reqmts. 
Excellent ref. from electronic engrs. and designers.

International Resistance Co., 401 N. Broad St., Phila. 8, Pa., U.S.A, or phone 
WAlnut 2-2166 (Philadelphia). Qualifications and photo in Bulletin T-1A.
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IRC Resistance Strips are widely used in strain gauges, servo-mechanisms, UHF 
attenuators, telemetering equipment, in conjunction with wave guides and in 
similar applications.

IRC Concentric Disc Resistors are punched from standard resistance strips 
and prepared for use by IRC. They are extensively used • ' raring resistors 
for line matching stubs, for concentric line termination 
ments., as matching resistors in measuring equipment 
vacuum tube voltmeters and in signal generators, a 
resistors are required.
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Sixth Annual Transistor

Data Chart . . following p 70
Over 600 transistors are tabulated 

according to manufacturer and type 
to provide the circuit designer with a 
single comprehensive transistor data 
chart. Included are pertinent parame
ters which determine the operating 
characteristics of each transistor.

signer has now at his disposal high 
frequency devices with alpha cut-off 
values in the 500 to 1000 me range. 
Because of their many commercial 
and military application possibilities 
two typical diffused base transistors 
are discussed in terms of their op
erating characteristics.

Insulated Composition Resistors • 
High Frequency, High Voltage, High 
Temperature Resistors • Metal Film 
and Wire Wound Precision Resistors 
• Selenium Rectifiers and Diodes

Deposited Carbon Precistors • Low 
Wattage Wire Wounds • Resistance 
Strips and Concentric Discs • Power 
Resistors • Voltmeter Multipliers 
• Insulated Chokes • Potentiometers 
• Hermetic Sealing Terminals

CIRCLE 1 ON READER-SERVICE CARD

INTERNATIONAL RESISTANCE COMPANY
Dept. 336, 401 N. Broad St., Phila. 3, Penna.

Here is a reliable voltage limiter 
that effectively protects transistorized 
equipment from overvoltage. It 
achieves this by a novel voltage 
limiting technique.

The PNN and NPP 106

These two interesting transistor de
vices can be assembled from ordi
nary junction type transistors. Soon 
available commercially, they can 
eliminate the need of an inverter in 
a push-pull transistor circuit.
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NEW POTTER "909
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POTTER INSTRUMENT COMPANY, INC
Sunnyside Boulevard, Plainview, N. Y. 

OVerbrook 1-3200

The compact *909' Perforated Tape Strip Reader now makes it possible 
to process information from perforated tape into digital data computer 
systems at high speed and low cost. Simple to operate by clerical personnel, 
the *909’ is completely transistorized, and will give maximum performance 
with complete reliability.

The *909’ is a compact unit, suitable for console or rack mounting. Here 
are some of the performance features, a\ailable for the first time in equipment 
of this type:

Tape Speed:
10 to 100 ips

Tape Width:
Any Standard Width

Power Requirements:
115V, 60 Cycle, 1 Phase

Control:
Remote/Level Inputs
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Transistor Impedance Nomogram, T. R. Nisbet 

Guarantee Performance Limits and New Core Pro 
tection

Error-Free Analog/Digital Converter
Character reading speeds up to 1000 
char/sec.
Simple In-Line threading
3 Millisec starting time
Stops on STOP Character, (0.2 millisec) 
and will read next character after start 
100 x 10’ operation pinch roll
Photo Diode Head reads any tape (in
cluding oiled yellow teletype tape)
Reads 5, 6, 7 or 8 level tape with 
sprocket channel
Ambient temperature up to 125® F. with 
10,000 hour life
Built to meet requirements of MIL-E- 
4158 A

ELECTRONIC DESIGN is published bi weekly by Hayden Publishing Company, Inc , 830 Third 
Avenue, New York 22, N. Y., T. Richard Gascoigne, President; James S. Mulholland Jr., 
Vice President & Treasurer; and David P landis Secretary Printed at Hildreth Press, Bristol, 
Conn Accepted under section 34.64, P. L. & R authorized. Additional entry, New 
York, N. Y. Copyright 1958 Hayden Publishing Company, Inc. 30,000 copies this issue

Temperature Stabilization of Transistors 
Transistor Oscillators

industrial consultants, and government agencies If design for 
manufacturing is your responsibility, you qualify for subscrip
tion 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 description 
of your design duties. The letter must be signed by you per
sonally. Any address changes for old subscribers necessitates a 
restatement of these qualifications- Subscription rate for non
qualified subscribers—$15.00 for 1 year only.

míliM Potter Fmt

a device that READS and 
STOPS faster, better

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it.



YOUR COMPUTER DESIGNS ARE BETTER
YOUR COMPUTERS PERFORM BETTER

when you draw from this comprehensive

range of

îaYTHEOÎî» RELIABLE
COMPUTER TRANSISTORS

Raytheon PNP Germanium Fusion-Alloy Computer Transistors are 
approved for military applications. They provide:

® HFE control at high currents ♦ High voltage ratings
♦ Fast switching speed • Low saturation resistance

G Temperature range — 65°C to + 85°C

ONE AMPERE, HIGH FREQUENCY, HIGH GAIN SWITCH
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J ETEC-30 
Type

Raytheon:

Punch
fab Urti Hfe» Ico rb' Cob

through ave. ave. ave. at- 12v lc = —1mAVoltage Ib = 1 mA Ib = 10mA
Me VCE = —0 25v Vce = - 0.35V mA ohms MMf

— 24 50 40 2.5 60 1 2
-20 70 55 2.5 65 12 designed for

1 -16 90 65 2.5 70 1 2 computer service
-12 120 75 2.5 75 1 2 »
-16 50 2.5 65 i

MEDIUM CURRENT, HIGH FREQUENCY, HIGH GAIN SWITCH

I J ETEC-30 Vce

max. 
volts

fab

ave. 
Me

Hfe, 
ave.

Ib = 1 ma 
VCE =-0.25V

Hfe, 
ave 

Ib = 10 ma 
Vce = —0.35V

Rise Time* 1

max. 
Msec

Type

-24 12 30 mm. — —

-20 4 30 18 1.0
-18 6 40 24 0.55
-15 11 55 30 0.44
-12 17 80 40 0.33

• • 50 ma; IBj = 5 ma; RL — 200 11; IBj = 5 m¡i; Grounded Emitter Circuit

Vce Hfe, Rise Time*■ SUBMIN
Type max. ave.

ave.
I8 = 1 ma

3V8, 
Ib = 10 ma max.

volts Me Vce = - 0.25V Vce = - 0.35V Msec

I CK25 -20 4 30 18 1.0I CK26 -18 6 40 24 0.55I CK27 -15 11 55 30 0.44I CK28 -12 17 80 40 0.33

iRatings at 25°C unless otherwise indicated Illustrations actual size
Dissipation Coefficients For 1 Amp types m air 0.35"C/mW infinite sink 0 18°C/mW

For med current types, in air 0.40°C/mW. infinite sink 0 T8°C/mW 
For submin types, in air 0 75°C/mW infinite sink 0.35°C/mW

»SEMICONDUCTOR DIVISION
Silicon and Germanium Diodes and Transistors • Silicon Rectifiers
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Decade of Transistor Progress

Alexander E. Takacs
Assistant Editor

PROGRESS over the past ten years in the transistor 
field has been feverish and exciting. The transistor 

chart in this issue which lists 619 units, indicates the 
growth of the transistor field. Our first transistor chart 
in 1953 listed 43 available types. From 1948, the year 
of the invention of the transistor, to 1958 when tran
sistors provide the radio voice in our satellites, a few 
of the potentialities of the transistor realized were:
■ Diffused base transistors now operate in the 1000 me 
range;
■ Rise, storage, and fall times of switching transistors 
in the order of 10 millimicrosec;
■ Operating junction temperature over 100 C with sili
con transistors;
■ Germanium power transistors available with power 
gains of 35 db and collector currents of 13 amp.

In this report the highlights of transistor develop
ments are discussed. We also take a look at the current 
and future status of transistors.

100 eo
60
40 DIFFUSED SILICON POWER

ALLOY GERMANIUM POWER
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DIFFUSED BASE SILICON

p< GROWN & ALLOY GERMANIUM

Areas of Application
Audio. One common type of junction transistors pro
duced is the diffused alloy type. The procedure is 
basically melting indium dots into a wafer of ger
manium. However, diffused alloy transistors have their 
limitations by being only suited for medium power 
and audio frequency work. Because of the high capaci
tance between collector and base, the device does not 
perform effectively at high frequencies.
High Frequencies. The rate grown junction transistor 
is an improvement, being more stable at higher fre
quencies. The manner of construction is essentially 
different from the diffused alloy type. From a melt 
which has been doped with small amounts of antimony 
and gallium, a germanium bar is grown. The charac
teristics of the bar change from p type to n type ac
cording to temperature and rate of growing. This 
technique of fabrication has the advantage of avoid
ing non-uniform junctions which occur in ordinary 
unction-growing methods.

Over the past year the production of diffused base 
ransistors increased greatly as manufacturers raced 
o exploit its advantages. By diffusing gaseous impuri-

0.1 0.08 
0.06
0.04

0 02

DIFFUSED BASE GERMANIUM

■II BIIIB!

0.01
0.001 2 4 6 80.01 2 4 6 80.1 2 4 6 8 j 2 4 6 8 10 2 4 8 8100 2 4 6 81000

FREQUENCY IN MEGACYCLES PER SECOND

Fig. 1. Frequency vs power dissipation curves of various types of transistors.

ties into a semiconductor an incredibly small base 
width in the order of 1.5 x 10 ’ cm is produced. The 
change in resistivity, from high conductivity near the 
emitter to almost intrinsic near the collector, reduces 
the transit time of the holes in a pnp type. The 1000 me 
range could then be reached, which is 10 to 50 times 
higher than using alloy and grown junction types. It 
became suited for computer and switching circuits.

Diffused silicon types were also produced. A typical 
value for silicon base width is 3.8 x 10-4 cm. Though 
they operate at a lower frequency, they are useful for 
high temperature applications. Silicon diffused base

ELECTRONIC DESIGN • July 9, 1958

transistor can also be used as an electronic switch 
because of its high impedance when non-conducting 
Power. The upper limit for germanium power transis
tors was 10 to 15 w several years ago, with maximum 
operating junction temperatures of 80 C. Today tran
sistors are available as high as 55 w at 95 C maximum 
junction temperature. However, there is still a need 
for transistors operating at higher voltages.

Silicon power transistors proved useful because of 
their high ambient temperature range. With each pass
ing year higher temperature materials associated with 
the fabrication of silicon transistors are developed.
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Which ceramic characteristics do you need.
Material

Characteristic

Dielectric Constant (1 me) 6-7 55-6.5 3.7 5.8 4-5 7-8 9 6.5 9

Power Factor (1 me) .009 .0008 .00035 .0008 .008 .002 .001 .0002 .0014

Loss Factor (1 me) .055 .004 .0013 .004 .03 .016 .009 .0014 .013

Water Absorption (%) 0-1.0 0-.01 0 16 3-8 0.5 0.0 0-.01 0-.01

Tensile Strength (p.s.i. x 103) 2.6 13 8 2.8 3 8 25 10 10

Flexural Strength (p.s.i. x 103) 11 20 — 6 7-10 18 45 12 18.5

Compressive Strength (p.s.i. x 103) 30-65 65 200 48 50-95 25 250 80 80

Dielectric Strength (volts/mil) 100-200 250 200 65 200 245 450 250 200

Hardness, Moh's scale 7.5 7.5 5 6 7 — 9 . 7.5 8

Modulus of Elasticity (p.s.i. x 10°) 10 14 4 — 5 — 42 — 21

Specific Gravity 2.4 2.6 2.2 3.0 2.5 — 3.7 2.8 ■ 3.7

Linear Thermal Expansion 
20-100°C (in./in./°C x 10 «)

3.6 6 .20 9.4 2.5-4 — 6.2 8.5 2.5-5

TE Value (°C)* —■ 450°-800° — — 750° — 980° 990° 700°

*Tk is that temperature at which the volume resistivity reaches 1 Meg.

Approximate characteristics of “electronic" ceramic materials. Source: manufacturer sales literature Reprinted from Electronic Design, November 1, 1956

How Raytheon R-95 High-Alumina Ceramic 
can save you money—do a better job

Consider well the unusual properties present in Raytheon R-95 High- 
Alumina Ceramic. If your needs are for a less specialized material, you 
may find a satisfactory performer at lower cost.
However, when you require a material with remarkably high resistance 
to high temperature, shock and vibration; high dielectric strength and 
high electrical resistance at all temperatures; extreme hardness; high 
mechanical strength and positive sealing capability—then you will surely 
want to be familiar with the ratings of Raytheon’s R-95. Proper applica
tion of this superior material assures continuing design and assembly 
economy, particularly where ceramic seals are a factor.
Ceramic parts manufactured from Raytheon R-95 High Alumina are 
available, either alone or as hermetic ceramic-to-metal assemblies, in 
accordance with your specifications. The assemblies can be soft or hard 
soldered into your production in your own plant.
Send sketches or drawings outlining dimensions and tolerances, together 
with operational conditions. We will be pleased to supply information 
and help on any of your ceramic needs.
Write for complete specification sheet and your copy of Ceramics in 
Electronic Design, comprehensive questions and answers on the growing 
role of ceramics in modem design. No cost or obligation, of course.

RAYTHEON MANUFACTURING COMPANY
Excellence 

in Electronics

Table 2. Impedance Levels

Configuration Power rating N.I

Common emitter low (under 100 mw over half watt
Common base under 10 mw over half watt
Common collector under 100 mw over half watt

Configuration Input impedance The
Common emitter 500-20,000 ohm20-500 ohm

ivel 
'mit

Common base 10-500 ohm0.2-20 ohm
*mit 
n th

Common collector

Configuration

10,000-0.5 meg400-10,000 ohm

Output

\ ty 
ype 
md

Tl 
ike

Common emitter 10,000-200,000 ohm200-10,000 ohm
?onf
"aim

Common base 50,000-2 meg1000-50,000 ohm put
30 d

Common collector 10-500 ohm0.2-20 ohm into 
lech

Eventually silicon power transistors 
will be available with operating 
junction temperatures of 200-300 C. 
Switching. Transistors were readily 
adapted to switching applications: 
germanium alloy pnp transistors 
for low speed switching applica
tions such as dc to dc converters; 
diffused base transistors for high 
speed switching where rise times 
in the order of a few millimicrosec 
are required; and power switching 
handling voltages up to 100 v and 
currents of 10 amp. Higher power 
transistors are required to operate 
in the range between 10 and 100 
psec.

In the past year high speed 
germanium switching transistors 
became more available for commer
cial use. Typical switching applica
tions are generation of rectangular 
and sawtooth waveforms, time de
lays, gating, amplifying and 
lengthening pulses.

Transistor Performance
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Power Gain. The important feature 
of a power transistor is delivering 
useful gains at high current levels.
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The power gain in a transistor is a result of the rela- 
ively small amount of current drawn by the base- 
•mitter circuit in producing a current change in the 
•mitter-collect circuit. The current change produced 
n the collector circuit is developed at high impedance. 
V typical high power audio transistor is the Sylvania 
ype 2N173 which provides a power gain of 34 db 
md maximum collector current of 13 amp.

The amount of power gain in a transistor amplifier, 
ike that in a tube amplifier, depends on the circuit 
configuration. The maximum gain, 40 to 50 db, is ob
tained with the input signal on the base and the out
put taken from the collector. Somewhat less gain, 
30 db, is obtained when the input signal is introduced 
into the emitter and the output taken from the col
lector; and even less gain, about 20 db, with the input 
signal into the base and the output taken from the 
emitter.
Frequency Response. Limitations in the frequency re
sponse of transistors have been overcome by techno
logical breakthroughs such as diffused base techniques. 
The principal parameters affecting frequency response 
are rb, and gf and Cbc and Ccb. Often preliminary de
sign is based on the assumption (frequently the as
sumption is invalid) that the base spreading resistance 
rb may be neglected. If the input source impedance 
to the transistor is less than the reactance of the input 
capacitance, Cbr, then, for rb negligible, a relatively 
uniform response may be obtained. Since the value of 
Cbe for a transistor depends on the uniformity of cur
rent flow across the base and on the thickness of the 
base, an increase in the allowable source impedance 
can be obtained only by the selection of a transistor 
having a smaller value of Cbe. This capacitance may 

The TYPOTRON®
Type 6577 tube is the first commercially available 
storage tube which displays until intentionally 
erased, any combination of 63 symbols or characters 
at speeds of 25,000 characters per second.

transistors presently available. Values of alpha cutoff 
frequencies are used. For oscillator applications, 
higher values of frequency are possible, while lower 
values would apply for broadband applications. Areas 
under the curves show the continuing trend of tran
sistor device development toward the latest types of 
structures with wider ranges of operating characteris
tics.

As the power rating of a transistor is increased 
hrough enlarging the active areas of the emitter and 
ollector, a corresponding increase in the value of C&c 
s inevitable, reducing the operating frequency range. 
The use of diffusion techniques to produce a graded

HUGHES... 
pioneer and 

largest producer 
of storage tubes

Mi«, «è

The MEMOTRON®

Type 6498 tube displays successive transient 
writings until intentionally erased. Careful analy
sis and comparison of wave forms now becomes 
possible without photography.

THIS IS A 
DEMONSTRATION OF 
THE HUGHES TYPO 
TRON VISUAL 
CHARACTER DISPLAY 
STORAGE TUBE. 
NUMBERS SYMBOLS 
AND CHARACTERS BOTH 
UPPER AND LOWER CASE 
MAY BE WRITTEN AT A 
RATE OF 25000 LETTERS 

PER SECOND

The TONOTRON*
Type 7033 Magnetic Deflection tube at left 
presents a complete spectrum of gray shades 

*1 * 
tl

for use in weather radar and PPI information. 
Tonotron tubes also available in 3 and 5-inch 
Electrostatic versions, ideally suited for "B” 
scan projections and complex radar systems.
Currently being widely used in both military and commercial systems, 
these cathode-ray tubes have established outstanding records of relia
bility. New storage tubes are under development for an ever-increasing 
range of applications. Across the country, Hughes engineers are available 
to discuss the applicability of these tubes to your problems. For further 
information please write: HUGHES PRODUCTS, Electron Tubes, Interna
tional Airport Station, Los Angeles 45, California, or contact our local 
offices in Newark, Chicago or Los Angeles.

Creating a new world with ELECTRONICS
HUGHES PRODUCTS



Radio Receptor 

bed
*high current density

petti-sel
selenium 

rectifiers
Life expectancy of 100,000 hours

50,000 amps, 9 volts D.C.800 ma D.C., 15,000 volts
L. ' * f

High voltage, low current for smoke 
precipitation. 12 containers required. 

High current, low voltage, fan cooled. 
For electroplating power supply.

makes them first choice for these applications
The engineers who specified these Radio Receptor rectifiers know 

the outstanding record of similar stacks in Germany and throughout 
the world. They also know they can install RRco. Petti-Sel rectifiers 
once and forget them, confident they’ll deliver up to 100,000 hours of 
trouble-free performance!

Produced by the improved new vacuum process developed by Siemens 
of West Germany, and now manufactured exclusively in the U. S. by 
Radio Receptor, Petti-Sel rectifiers are available in an even wider range 
of current and voltage ratings than indicated above. We’ll gladly send 
you information regarding your rectification problems. For prompt 
attention, write today to Section ED-7R.

Semiconductor Division
RADIO RECEPTOR COMPANY, INC.

Subsidiary of General Instrument Corporation
240 Wythe Avenue, Brooklyn 11, N.Y. EVergreen 8-6000

General Instrument 
Semiconductors

general instrument corporation also includes
AUTOMATIC MANUFACTURING DIVISION • F. W. SICKLES DIVISION 

MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARY)
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base or drift transistor extends the frequency rar ge 
for any given power device. Typical limiting frequen
cies for standard type transistors are indicated in : 
Table I.
Noise Figure. The noise figure of present-day tran is- 
tors for the range of frequencies for which thenial 
noise is the predominant component may be as sn all 
as two to twelve db, depending on the processing and 
the circuit conditions under which the transistor is 
used. A typical noise figure vs frequency curve is 
show n in Fig. 2. The noise developed by the transistor 
depends on both the circuit and on the currents and 
voltages applied to it.

The deterioration of noise figure at a low frequency 
is usually attributed to semiconductor noise and sur
face recombination noise. The frequency at which 
the low frequency deterioration sets in varies from 
transistor to transistor, and may be as high as several 
megacycles. The deterioration above the switch limit 
frequency f„2 is caused primarily by the non-uniformity 
in the diffusion of the minority carriers through the 
base region.
Impedance Levels. The input and output impedances 
for the three circuit configurations differ substantially. 
The actual values depend on the characteristics of the 
transistor and also the values of the associated circuit 
components. The range of typical values is shown in 
Table 2.

Other Transistor Types

Field Effect Transistor. Typical junction type transis
tors depend upon both minority and majority carriers 
for operation. The unipolar field effect transistor, how
ever, involves only the flow of one carrier, either 
holes or electrons. It is constructed by forming pn 
junctions on a bar of germanium. The bulk resistance 
is modulated by the application of an electric field. A 
change in the n-type material-depleted of carriers, is 
produced by a voltage change across the pn junction.

In the May 14 issue of Electronic Design a field 
effect transistor was described using an electrolyte
semiconductor interface. Between the two ends of the 
semiconductor, oppositely biased with respect to an 
electrolyte, a neutral point exists which shifts back and 
forth with changing biasing grid voltage. The resist
ance changed accordingly and a current flowed follow
ing the driving frequency. This experimental amplifier 
operated at 1000 cps with 15 db gain.

However, the field effect transistor has not been in
vestigated to the extent that typical junction transistors 
were. A question mark still hangs over the future role 
of the field effect transistor.
Intrinsic Barrier Transistor. The distinguishing char
acteristic of an pnip intrinsic barrier transistor is a 
layer of nearly intrinsic material next to the collector. 
This layer which in some respects compares to the 
grid of an electron tube, seis es several functions. First, 
close control of the carriers is permitted. Second, sepa
rating the input from the output allows the device to 
operate at higher voltages. Last, lower collector ca-
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Table 1. Limiting Transistor Frequencies

Junction transistors High Power Low Power 100 kc to 10 me 1 kc to 20 kc
Thin-base transistors 10 me to 75 me
Surface barrier transistors 10 me to 200 me
Double-base transistor 200 me
Diffused base transistor Low Power High Power 50 me to 1000 me20 kc to 10 me
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picitance is achieved. The device can operate with 
cutoff frequency of over 300 me.
Tetrode. The tetrode is basically an npn grown-junc- 
tim transistor with a double base connection. A po- 
tmtial drop is set up across the base. Electron flow is 
confined to a small region near to one base control, 
aid a lower effective base resistivity results because 
o: the shorter path. This permits the device to be de
signed with a higher cutoff frequency.
Point-Contact. Because of the advantages of junction 
type transistors, the point-contact transistor has almost 
lieen reduced to historical importance only. It was the 
first transistor to be developed. The distinctions are 
lower power capabilities, more noisy and lower col
lector impedance. It has been used mainly for switch
ing applications.
Thyristor. The thyristor is a transistor that acts like a 
thyratron. It can be riggered “on” and “off” with low 
power and has a collector voltage drop of only about 
0.5 v during conduction. It is almost a perfect switch 
having a collector current rise and fall time of less 
than 0.1 |Tsec. The speed of switching is limited by the 
Thyristor design and the input and the output capaci
ties. Since the high frequency response is good the 
rise and fall times below one tenth psec are easy to 
obtain. Ring counters, shift registers and similar type 
devices may be made by using the Thyristor collector 
current triggering characteristics.
Silicon Controlled Rectifier. This semiconductor 
switch combines both transistor and rectifier features 
for high power switching at pisec speeds. This device 
operates at low power levels. Ratios of load power to 
control power of 100,000 to 1 have been obtained. The 
future of silicon controlled rectifier is promising. We 
expect to see many manufacturers producing this type 
device in the near future. A few of the devices it can 
replace are thyratrons, relays and typical rectifiers. It 
can replace the power transistor in servo motor ampli
fiers.

Transistor Art Today
Transistors are superior to electron tubes because 

of their long life, rugged construction and smaller 
size. But they were initially inferior in other ways. The 
inherent noise limited minimum signals. Internal ca
pacitance limited maximum frequency. Internal heat-
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MOTOROLA now offers

HIGH QUALITY 
COMPUTER TRANSISTORS

Collector dissipation in free air, 150 mw 
Derate 2.5 mw/°C above 25CC_______
-I DCRETA n COLLECTOR CURRENT ~

TECHNICAL DATA

TYPE 
NUMBER

VcB 
volts

Veb 
volts

VcE 
volts

f.b 
min
me

hpE 
typ.

2N425 -30 -20 -20 2.5 30

2N426 -30 -20 -18 3.0 40

2N427 -30 -20 -15 5.0 55

2N428 -30 -20 -12 10.0 80

FOR COMPLETE TECHNICAL INFORMATION concerning 
2N425-428 switching transistors, contact the nearest 
Motorola regional office; or wire, write, or phone:
Motorola, Inc., 5005 East McDowell Road, Phoenix, Ariz. 

BRidge 5-4411. Teletype PX 80

REGIONAL OFFICES
CHICAGO 44, ILLINOIS

4900 West Flournoy Street 
ESterbrook 9-5200

CIRCLE 7 ON READER-SERVICE CARD

"productioneered" for extreme 
stability and reliability
Meet or exceed mechanical and environmental 
requirements of MIL-T-19500A.
Hermetically sealed TO-9 package.

Improved Beta vs Current characteristics.
Reliability and stability assured by 
Motorola's advanced production techniques ... 
by continuous control of electrical parameters. 

Make Motorola Your Prime Source 
For Switching/Computer Transistors.
For switching transistors custom-selected 
to your specifications, contact your 
nearest Motorola regional sales office.

M
B "DEPENDABLE QUALITY - IN QU/

I MOTOROLA
"DEPENDABLE QUALITY IN QUANTITY"

SEMICONDUCTORS
SOOS E . 

PHOENIX

RIDGEFIELD, NEW JERSEY 
540 Bergen Boulevard 
WHilney 5 7500

HOLLYWOOD 2B, CALIFORNIA
6555 Sunset Boulevard 
Hollywood 5 3250



cura

ing and distortion limited maximum power. Large tem
perature coefficient limited ambient temperatun 
range. However in recent years some of these limita
tions were overcome. Diffusion techniques shortei 
transit times of the carriers and higher frequency 
ranges were reached. The use of silicon permitted high 
ambient temperature range.

Today the transistor does not perform as many fun< 
tions as the electron tube. But there is little doubt that 
in the future years transistor device research will make 
deep inroads on the earlier successes of the electron 
tube. This will be dependent on technological break
throughs not only in device research but investigation 
of the bulk and surface properties of semiconductor 1 
materials.

There are many semiconductor materials other than 
silicon and germanium. Yet only these two have been 
exploited, germanium to a greater extent than silicon. 
There is a constant search for other suitable semicon 
ductor materials that would make the transistor a more- 
versatile device. A promising family of semiconducting 
material is the intermetallic semiconductor group 
They have characteristics similar to germanium and 
silicon. In this group the indium phosphide and anti
monide compounds are most promising.

METERS
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Appreciation for contributing valuable transistor 
data to this issue is expressed to K. C. Pullen, Bal
listic Research Lab., Aberdeen Proving Ground, Md.

Single-turn, variable-phasing 
precision potentiometers meeting A.I.A. 
electrical and mechanical specifications. 
Five sizes in wide range of resistance 
values and output functions—^", IK", 1%", 
2" and 3" diameters. Available as 
single or gang assemblies. Various 
mountings and bearings available.

SEND US YOUR REQUIREMENTS!

Independent external phasing, 

before or after mounting :

Phasing may 
be done before 
or after mounting 
and wiring, permitting 
readjustment to

CLAROSTAT MFG. CO., INC. • DOVER, NEW HAMPSHIRE, U.S.A.
Canada: Canadian Marconi Co., Ltd., Toronto 17, Ont.

CIRCUITS WANTED

The Bureau of Ships recently awarded a 
contract to Transistor Applications, Inc. to 
prepare a “Selected Semiconductor Circuits 
Handbook.”

The Boston firm will invite companies, gov
ernment organizations and individuals to sub
mit reliable transistor and diode circuits and 
their descriptions for possible inclusion in the 
handbook. Among the many circuits to be 
covered will be amplifiers, oscillators, mixers 
and converters, switches, and power supplies.

All circuits will be reviewed by a commit
tee of technical authorities, and all contribu
tors will receive full credit.

The handbook, it is hoped, will encourage 
better engineering practice by transistor cir
cuit engineers, in designing circuits for mili
tary electronic equipment.

We, at Electronic Design, hope this proj
ect will lead to some standardization in semi
conductor circuitry. Our readers can help by 
sending their contributions to the Research 
Director at Transistor Applications, Inc., 50 
Broad St., Boston, Mass.

CIRCLE 8 ON READER-SERVICE CARD CIRCLE 425 ON READER-SERVICE CARD >
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Anaconda your phone book
or write: Anaconda Wire & Cable Com-

for MAGNET WIRE
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•een
son.

ANALAC 105"C (AIEE Class 
A) solderable magnet wire

)Up 
and 
inti-

and (4) Silotex-Dt. 
most principal cities

ANATHERM 155°C (AIEE Class Fl 
high temcerature resistance

FORMVAR 105”C (AIEE Class A) 
established dependability

SEE THE 
MAN FROM

NYFORM 105°C (AIEE Class A) 
superior winaability

panv, 25 Broadway, New York 4, N. Y

PLAIN ENAMEL ICi'C (AIEE Class A) 
low-cost enameled magnet wire

large "islands" where fibers are missing.
♦Reg. U. S. Pat. Off Dupont

VITROTEX, magnified approximately 400X. The lower layer is the copper wire; 
the upper layer, the glass insulation. The glass fiber-ends appear as small circles 
in the photograph. The sections between fibers are occupied by bonding 
varnish. Notice the fibers are close together, well distributed.

VITROTEX-D, magnified approximately 400X. The upper layer consists of glass 
fibers in fused Dacron*. Notice the even distribution which provides uniform

Dacron acts as a bonding agent—holds the fibers in place and 
protects them during winding.

The pictures above show more than the difference in glass
fiber content. They show how /Xnaconda engineering and manu
facturing care provide uniform fiber distribution in both types 
. . . how each has been designed to do a different job—and do it 
well!

Ask the Man from Anaconda for additional details on (1) 
Vitrotex, (2) Vitrotex-D, (3) Silotexf (I8O°C—AIEE Class H)

These two longitudinal sections of Anaconda magnet wires have 
been blown up 400 times— to show you the difference between 
Anaconda Vitrotex and Vitrotex-D (both 130°C—AIEE Class B).

Maximum high-temperature protection in glass-type insulation 
depends on the proportion of the glass fibers present. Maximum 
resistance to winding damage, however, can call for reducing 
the number of glass fibers and adding a “damage reducing" 
agent such as Dacron.

This isessentially the difference between Vitrotex and V itrotex-D.
Anaconda provides both—in complete size ranges, in rounds, 

squares and rectangulars. You, the designer, must weigh the 
need for insulation and heat-resistance against those properties 
which affect windability.

Vitrotex, as the left-hand photograph shows, consists of all 
glass fibers—therefore, where winding damage is controllable, 
Vitrotex offers you greater insulation value.

Sometimes, however, the risk of winding damage cannot be 
avoided. For these situations. Anaconda offers Vitrotex-D. The

For more details on the characteristics of Vitrotex and Vitrotex-D, please turn the page



MAGNET WIRE

IMPORTANT FACTS FOR YOUR WORK

SEE THE MAN FROM

FOR

MAGNET WIRE
Anaconda Wire & Cable Company, 25 Broadway, New York

PRECAUTION: Dacron is a polyester Therefore the use ot this 
wire is limited to ventilated equipment.

mechanical properties. Vitrotex has the necessary abrasion
resistance for most winding applications. It is suitable wher
ever controllable winding is possible. Vitrotex possesses re
markable space factor, especially when considering its ability 
to withstand high operating temperatures. Single Vitrotex has 
a space factor better than single cotton of equal gage. Double 
V itrotex has a space factor better than double cotton of equal 
gage. Vitrotex has good “mesh" factor—windings expand 
no more than other insulations so that special precautions are 
unnecessary in design of windings.
electrical properties. Vitrotex is offered as a 130°C (AIEE 
Class B) magnet wire. Its high-grade organic bonding varnish 
plus the glass, give Vitrotex high electrical qualities. Vitrotex 
will retain sufficiently high dielectric strength to operate 
satisfactorily at temperatures above the destruction point of 
organic fiber insulation. At high relative humidity, Vitrotex 
retains its dielectric strength to a marked degree. .
chemical properties. Vitrotex is compatible with most Class B 
bonding varnishes and materials. Windings with Vitrotex 
can be baked after impregnation at temperatures that would 
destroy ordinary insulations. Windings can be impregnated 
with commercial varnishes or other compounds by standard 
methods. While the glass fibers themselves will not absorb 
liquids or compounds, the interspaces of the insulation will take 
up and retain the impregnant. Allows great latitude in design. 
THERMAL properties. Vitrotex is a 130°C (AIEE Class B) magnet 
wire by definition. However, the precise temperature at which 
Vitrotex wire can be operated will depend on the design of 
the apparatus. For example, Vitrotex is excellent for use in 
dry-type transformers under Group 2 NEMA classifica
tion for operation at 150°C hottest spot. Under severe 
overload conditions where all bond and varnish are destroyed, 
the inorganic glass remains to protect against shorting.

mechanical properties. Vitrotex-D exhibits superior abrasion
resistance. It is ideally suited to those situations where a 
high-temperature Class B magnet wire is needed, but where 
ihe winding operations from the standpoint of abrasion, small 
bending radii or forming stresses are too severe to permit 
the use of all glass insulated wire. Use of Vitrotex-D on 
rectangulars results in thinner insulation and thus improves 
space factor.
electrical properties As in the case of Vitrotex, Vitrotex-D 
is offered as a 130°C (AIEE Class B) magnet wire The same 
high-grade, organic bonding varnish is used in Vitrotex-D 
as in Vitrotex giving this wire similar high electrical properties. 
chemical properties. The chemical properties of Vitrotex-D 
are similar to those of Vitrotex except, since Dacron is a 
polyester, care should be taken in the selection of the proper 
varnish.
thermal properties. Vitrote.x-D shows the same general ther
mal properties as Vitrotex—with excellent aging and heat
resistance. Since less glass is present in the covering, less pro
tection is provided under severe overload conditions.

. . . about
130 C (AIEE Class b) Magnet Wire 
windability. Vitrotex-D is a high-temperature AIEE Class B 
magnet wire with special abrasion-resistance properties. Where 
a controllable winding operation is not possible (making the 
use of all glass insulation impractical), Vitrotex-D is rec
ommended.

... about
130 C (AIEE Class B) Magnet Wire 
high temperature overload protection Even under severe 
overload conditions, Vitrotex provides protection. This ex
ceptional high-temperature resistance is Vitrotex's outstanding 
advantage—and can be put to use even in totally enclosed 
applications.
reduction in frame size. Because of the higher temperature 
stability, excellent space factor (compared with cotton), and 
the high heat conductivity of the glass fibers. Vitrotex-wound 
motors and generators can be produced in smaller frame 
sizes for equal rating or with increased ratings in comparable 
size frames.



EDITORIAL
Look for and Try for the Unexpected

Recognition of the 10th Anniversary of Transistors has produced 
so many words on the subject that this editor is reluctant to add 
more. No doubt, most every generalization and point of view 
worthwhile saying has been said. But in addition to being the 
Tenth birthday of transistors, it’s our occasion for publishing the 
Sixth Annual Transistor Data Chart. We cannot forego saying a 
few words about it. Tedious as the compilation was, we enthuse 
and marvel over the picture of the industry it gives us. True there 
are no prices, no statement of the volume of business for the vari
ous types. Yet, every transistor listed represents a saleable item 
and every type will be sold. There are 619 transistors tabulated, 
the total different types listed are 535. The total number of transis
tors on the market by all USA manufacturers increased 38 per cent. 
The total number of different types increased 32 per cent. The 
difference is several manufacturers now make the same type. We 
begin to see a slight trend to settle on a few “standard’ types.

That every manufacturer’s transistor is not special is becoming 
more evident by the replacement or substitution guides put out by 
the manufacturers. Manufacturer A does have a type that can be 
used in place of Manufacturer B’s device. We would have liked to 
publish such cross-reference guides but space would not permit. 
As a matter of fact, the tabulation has grown so that we have de
ferred until later issues many of our “how to apply” transistor 
design articles. We just didn’t have the necessary space.

One can hardly appraise transistor developments without mak
ing comparison with tubes. We know practically everyone is in
vestigating conversion from tubes to transistors. Despite this ac
tivity we suspect transistors are not being exploited as fully as 
they might. The reason: the designer has the wrong frame of 
reference. He approaches the problem “Can I use a transistor here 
more profitably than a tube? This approach assumes tubes are 
the natural component. Transistors offer enough so that they ought 
to be the first consideration. The question should be “Is a tube 
better than a transistor in this application?” New concepts in 
thinking are needed.

We are certain the future of transistors holds surprises that are 
not even hinted at today. Walter H. Brattain, speaking of research 
in the June Proceedings of the IRE, said . . . while a well 
thought of experiment may always give good results, nevertheless 
the really important experiment is the one that leads to new and 
unxpected results regardless of the original reason or expectation 
that inspired it.” Can not this alertness to the new and unusual 
give us new insights into circuit design? We think so.

CIRCLE 425 ON READER-SERVICE CARD

NEW PRECISION VARIABLE
RESISTOR

MFR 2

with no sliding wiper 
------ _ By |H

These Rotary Metallic Film 
Potentiometers 

are the perfection of years of 
research and development

FEATURES:
• Complete Hermetic Seal
• Infinite Resolution
• High Temperature Operation
• Long Life
• Low Torque
• Exceptionally High Accuracy
• Extremely Low Noise

A patented compression contact

MFR I

J Super 
] reliability 
i is inherent 

■ through 
unique 
manufacturing 
techniques

eliminates the wear or

Details 
will be 
sent upon 
request.

friction caused by usual wiper contacts. A precious metal 
capsule contact provides dependable long life operation. 
The deposited metal film resistance element is encased 
and hermetically sealed. The ultimate in craftsmanship 
is employed in the manufacture to produce a potenti
ometer unparalleled for performance. This new con
cept of design makes possible super reliability under the 
most severe environmental conditions such as those en
countered in airborne, missile and satellite applications.

TECHNOLOGY INSTRUMENT CORP.
555 Main St. P. O. Box 3941
Acton, Mass. • No. Hollywood, Calif.

COlonial 3-7711 POplar 5-8620
CIRCLE 9 ON READER-SERVICE CARD
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1000 me range reached with

C. H. Knowles and E. A. Temple*

« 0.5

« 1.2

« 0.6

*C. H. Knowles is with Bell Telephone Lab., Inc., 
Murray Hill, N. J. and E. A. Temple is with Western 
Electric Co., Laureldale, Pa.

10~10 sec 
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High Frequency Characteristics
The most common figure of merit for high fre

quency transistors is the maximum frequency of 
oscillation 1:

Diffused Base Transistors
1

HIGH FREQUENCY characteristics, rugged 
construction and relative temperature in

sensitivity were the main reasons why diffused 
base transistors were used in the Vanguard and 
Explorer satellites. They have been designed to 
operate in the 1000 me range and maintain good 
characteristics up to about 100 C. A diffused base 
germanium transistor, shown in Fig. 1, now 
serves many functions previously reserved be
cause of temperature considerations for a silicon 
transistor. In this article high and low frequency 
characteristics are discussed, along with the 
power rating and fabrication techniques. Impor
tant parameters of two typical diffused base 
transistors are listed in Table h 

where fa is the frequency at which the grounded 
base short circuit current gain is 3 db down, A 
is the high frequency base resistance, and Cc is 
the collector depletion layer capacitance.

Because of its high value of around 1000 me fa 
cannot be measured conveniently for the 2N509- 
2N537 series. Instead, the common emitter high 

frequency short circuit current gain is measured. 
This is easier to measure and it is related to the 
common base characteristics in a calculable way. 
Fig. 2 shows a typical plot of common emitter 
short circuit current gain, h}e, versus frequency. 
By measuring hfe at a low frequency, say 100 me, 
foe can be extrapolated. Since foe is about three- 
fourths fa in this type of transistor, we have:

fa = hfe (at 100 me) X 100 me X 4/3 (2)
Using the data of Table 1 in Eqs. 1 and 2, a typi
cal 2N537 is found to have an fmax of 1000 me. 
The amplitude of hfe at 100 me is 6.3. This value 
rather than the corresponding 16 db in Table 1 
is used in Eq. 2.

The high frequency characteristics of the 
2N509 and the 2N537 are relatively insensitive 
to temperature. For example, hfe at 100 me falls 
less than 1 db from —200 C to room tempera
ture and about 1 db more from room tempera
ture to 100 C. Ohmic base resistance rises about 
20% from —200 C to room temperature and 
somewhat less from room temperature to 100 
C. Collector barrier capacitance has a very 
low temperature coefficient as in all germanium 
and silicon transistors.

Variations of high frequency parameters with 
bias voltage and bias current are similar to those 
in other transistors. For example, the collector 
barrier capacitance varies approximately as the 

inverse square root of collector barrier voltage 
as in alloy transistors. This variation shows 
clearly that the collector barrier lies primarily in 
the p-type collector body.

At 100 me hfe increases with increasing emitter 
current. In this and the following figures parame
ters for the 2N509 and 2N537 are normalized to 
their respective values at Vr = 10 ma, IE = —10 
ma at room temperature. This variation may be 
understood from the dependence of hf€ on emit
ter current. This parameter is given at high fre
quencies by

2ir foe 1 
— -------- = -----------

2irf 2irf roe
Here Te is the emitter barrier charging time con
stant Ce X kT/qIe, xb is the carrier transit time 
across the base, xc is the collector barrier charg
ing time constant, — r'c Cc, and xx is the carrier 
transit time through the collector barrier.

Rough calculations show that these times for a 
2N509 biased at 10 ma and —10 v are:



rx/2 - 0.25 X W-10

Ar,. «2.60 X 10~10

foe ~ 615 me
The first of these terms, re, accounts for a large 
part of the decrease in hfe as emitter current is 
decreased.

Increase of collector voltage, while decreasing 
collector capacitance, increases hfe and ohmic 
base resistance somewhat. The increase of hfe re
sults from a decrease in the base transit time as
sociated with thinning of the base layer at higher 
voltages and from a reduction of tc. Increase of 
ohmic base resistance is caused by thinning of 
the base layer.

Low Frequency Characteristics
The collector reverse current, Ico, varies with 

temperature and voltage in the conventional 
fashion. It increases about 8 per cent per degree 
C, reaching 100 pa at 100 C. Breakdown voltages 
average around 40 v and Ic0 has essentially the 
low voltage value at 20 v.

Low frequency common base h-parameters 
change with temperature as shown in Fig. 3. The 
current gain defect 1 + hfb decreases steadily 
with increasing temperature over the entire 
range. Although the basic physical cause of this 
variation is not understood, it is consistent with 
other observations on this parameter. The short 

TABLE 1. Diffused Base Transistor Parameters

Parameter

Bias 
Ie, Vc 
ma. v.

2N509 2N537
Median Spec. Limit Median SF>ec. Limit

h£e (100 me)—db (10,-10) 16 I >12 12 >10
r'b—ohm (10,-10) 70 <80 <30

Cc—mmf (0-10) 1.2 <1.5 1.2 <1.5
lco—pa (0.-20) 1.0 <5 1.0 <5

1 —1~ h f b— (10,-10) .02 <.04 .07 <.10
hlb—ohm (10,-10) 5 <14 5 <10
hol,—pmho (10,-10) 9.0 <20 9.0 <20

hr|>— (10,-10) 1.6xl0-3 <3xl0-3 1.2x10-3 <3x10-3

circuit 
ent of 
which 
which 
tures.

input impedance hib is nearly independ- 
temperature. It contains a term kT/qIe 
increases linearly with temperature and 
apparently dominates at high tempera-

Other variations are traceable to changes in 
1 + hp, and in r'b. The open circuit voltage feed
back ratio hrb changes relatively little with tem
perature because its two major components have 
temperature coefficients of opposite sign. The 
space charge layer widening factor kT/qw 
bw/bVc increases linearly with temperature. 
Since the collector conductance hob decreases 
quite rapidly as temperature increases, its con
tribution to hrb, hobr'b, also decreases with rising 
temperature. The decrease of hob with increasing 
temperature results in part from the decrease of 
1 -J- hfb with increasing temperature and in part 
from a decrease of avalanche multiplication as 
temperature is increased.

In both the 2N509 and the 2N537, 1 + hfb de
creases steadily as emitter current is increased. 
This effect is connected to the temperature de
pendence of 1 + hfb and is not yet fully ex
plained. The decrease of hib with increase of 
emitter current results primarily from a reduction 
in the term kT/qIe as in other transistors and in 
small part from the reduction of 1 h/b at high 
Ie. The rise of hob with emitter current is that 
ordinarily found in junction triodes. This rise ac-

13ELECTRONIC DESIGN • July 9, 1958
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Fig. 5. Video amplifier circuit using 2N509 diffused base transistors
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is the collector junction immediately across the 
base from the emitter. Straightforward thermal 
calculations indicate that the temperature rise at 
this hot spot is probably four to five times greater 
than the rise determined by the lco method. The 
lco method inherently averages temperature over 
the entire region in which the reverse current is 
generated.
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Power Rating
The 2N509 and the 2N537 can dissipate sev

eral hundred milliwatts when clamped to a cool
ing plate at room temperature. Power ratings 
have not been completely established and the 
values given here are conservative.

The tentative maximum junction temperature 
is 100 C. An increase to about 125 C is expected 
in a few months. B. Reich of the Evans Signal 
Laboratory has measured the thermal resistance 
from junction to can as 30 C per watt. M. A. 
Logan has measured 26 C per watt. Both workers 
used the Ie0 method for determining the rise. As 
shown in Fig. 4 the hottest spot in the transistor

The most important structural features of the 
semiconductor crystals used in the 2N509 and 
the 2N537 are the very thin, heavily doped base 
layers and the* location of the collector barrier 
layer largely on the collector side of the base-to- 
collector p-n transition. These features are essen
tial to obtaining the short carrier transit times, 
low ohmic base resistances, low collector capaci
tances, and reasonable breakdown voltages re
quired for good high frequency transistor per
formance. Transit times through the very thin 
base layers of these transistors are shortened sig
nificantly by the gradient of impurities inherently 
produced by diffusion3’4»5. This gradient sets up 
an electric field in the base which speeds mi
nority carriers through the base from emitter to 
collector.

The techniques of diffusion of impurities into 
semiconductors and the evaporation of electrodes 
onto semiconductors are highly controllable. 
They produce large numbers of transistors per 
square inch of semiconductor material used. Dif
fused base transistors are therefore very manu
facturable.

We can summarize the advantages obtained 
from the thin base layers and proper location of 
the collector barrier in diffused base transistors 
and from the diffusion and evaporation-alloying

15K 1.5 K
VW- » VW 

irauF

SIS 
sei 
sei

cm
osc 
sei

IOOUF

005UH,’ 
<5.IK

counts for the rapid increase of hrb with emitter 
current, since hnbr'h is the dominant term in hrb.

Increase of collector voltage causes a mono
tonic decrease of 1 + hfb. At low voltages, the 
change of base layer thickness is largely respon
sible, but from about 12 v upward the increase 
of avalanche multiplication is responsible. The 
short circuit input impedance hib quite naturally 
reflects the decrease of 1 -|- hfb. The open circuit 
output admittance hob shows the effects of ava
lanche multiplication even at 8 to 10 v. The in
crease of hob/h is, in turn, largely responsible for 
the rapid increase of hrb at high voltages.

Structure and Manufacture
A cut-away view of the active region of a ger

manium pnp diffused base transistor2 is shown 
in Fig. 4. As this sketch suggests, the production 
steps are: preparation of thin slabs (0.003 in.) of 
1 ohm centimeter p-type germanium; diffusion of 
an n-type impurity layer 0.04 mils deep with an 
impurity concentration of about 1017 at the sur
face; evaporation and alloying of the aluminum 
emitter stripe; evaporation and alloying of the 
gold base contact; mounting of the wafer onto 
a header; masking with wax and chemical etch
ing of the mesa; bonding of the gold wires to the 
emitter and base stripes; sealing it into the can.

This structure is inherently rugged. Its most 
fragile parts are the 0.4 mil gold wires. However, 
the wire lengths are such that centrifuge ac
celeration of more than 20,000 g may be applied 
in any direction without damage.

Fig. 6. Oscillator circuit employing the 2N537.

Table 2
100 MC 250 MC 450 MC

C« 3-12 UUF 2-7UUF <IUUF
(APPROX) 2 STRAY STRAY

Cs STRAY STRAY STRAY
C5 15-90 UUF 7-45 8-13 UUF

DIA 1/2 3/8 1/4L' {
LENGTH 11/2 1 1/2 I COIL HAS 1/2“ LEADS
WIRE 16 14 16 r MOUNTING IS CRITICAL
TURNS 8 6 2 J

APPROX POWER OUT 90 MW 60 MW 35 MW
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^ISCOP

AN IMPORTANT ADDITION TO THE FAMILY OF

CIRCLE 10 ON READER-SERVICE CARD

Service-Free Life ....... 
Ambient Temperatures 
Vibration .......................

.......  500 Hrs. at 30 RPS.

............ +125°C to —55°C 
Up to 2000 cps at 25 G
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NEW MINIPLEXER

service.
The two transistors are intended for several 

hundred milliwatts of internal power dissipation, 
and operate in the hundreds of me with high ef
ficiency (10 to 45 per cent). These transistors 
maintain good characteristics up to about 100 C, 
hence will serve many functions previously re
served for silicon transistors.

References
1. R. L. Pritchard, Talk at Winter Meeting AIEE, N.Y., 

Jan. 1954.
2. C. A. Lee, Bell System Technical Journal, Jan. 1956.
3. Zur theorie des Diffusions und des Drift Transistors, 
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L The Drift Transistor, RCA Lab., Transistors I, Prince
ton, N.J., pp. 208, 214, 1956.

5. The Dependence of Transistor Parameters on the Dis
tributions of Base Layer Resistivity, J. L. Moll and 
J. M. Ross, Proc. IRE, vol. 44, Jan. 1956, pp. 72 to 78.

ENGINEERING DATA----------ASCOP MINIPLEXER

hardness and low friction coefficient, permitting truly mini
ature design with low peripheral wiper speeds and longer life.

The MINIPLEXER is one of a family of miniaturized 
ASCOP DURAPOINT switches that will meet the ever 
widening range of stringent design requirements for your 
data and control systems. This family of miniatures also 
includes complete pulse telemetering commutator packages. 
For further information, contact any of the ASCOP offices 
listed below or write for Bulletin No. EM-100

Summary
Two types of transistors, capable of operating 

in the 1000 me range are now beyond the devel
opment stage and into production. These tran
sistors are the 2N509, suitable for amplifier 
service, and the 2N537, intended for oscillator

Typical Applications
The 2N509 is designed for moderate power 

video and uhf amplifier service. Fig. 5 shows a 
50 me video amplifier circuit designed by R. P. 
Xbraham using 2N509’s. This amplifier, designed 
to couple an fm discriminator to a 75 ohm line, 
has 35 db of current gain over its 50 me band. 
The amplifier has 34 db of feedback. Reduction 
of the input resistor from 3000 ohm to 75 ohm 
would yield 35 db of stable power gain out to 
50 me with feedback of 28 db.

Median characteristics and specification limits 
of the 2N509 and the 2N537 are shown in Table I. 
Note that the principal differences are the high 
alpha in the 2N509 and the low ohmic base re
sistance Sb in the 2N537.

The 2N537 is designed as a power oscillator 
for the vhf and low uhf range. Fig. 6 shows an 
oscillator circuit for the 2N537 designed by R. L. 
Lowell. The output powers shown in the Table 2 
are for bias powers of 150 to 200 mw. Somewhat 
higher efficiencies are obtained at larger emitter 
currents. R. L. Lowell has designed a 1000 me 
oscillator which radiates tens of milliwatts using 
selected 2N537’s. This oscillator is to be dis
played at the World Fair in Brussels this sum
mer.

cliniques as:
■ Very high fa (500-1500 me);
■ Low collector capacitance (0.3-1.5 mmf);
■ Low base resistance (10-100 ohm);
■ Relatively high voltage operation (in these 

types BVbc 40-45 v);
■ Good manufacturability.

To the world of dramatically smaller components, ASCOP 
now adds the MINIPLEXER® — subminiature sam
pling switch that does a full-size job more rehably. The 
MINIPLEXER is the ideal companion to the transistor, the 
diode and the etched circuit for solving today’s critical 
spacesaving, weightsaving and powersaving problems.

This tiny time-division multiplexing device contains 60 
contacts, providing 30 channels of break-before-make opera
tion. It weighs 2.37 ounces, is % of an inch long and DA 
inches in diameter. Yet, it will give longer service-free life 
and operate under more extreme environmental conditions 
than the much heavier, bigger switches it replaces.

The secret of the MINIPLEXER lies in exclusive ASCOP 
DURAPOINT® contact pins, developed through extensive 
metallurgical research. The pin material combines metallic

OFFICES:

VAN NUYS, CALIFORNIA, 15551 Cabrito Rd., State 2-7030

DALLAS, TEXAS, 4918 Greenville Ave., Emerson 1-1003

TINY SAMPLING SWITCH — TREMENDOUS PERFORMANCE!

DISTRICT

PRINCETON, NEW JERSEY, P. O Box 44, Swinburne 9-1000 

COCOA BEACH, FLORIDA, 1 N..Atlantic Ave., Cocoa Beach 3900



Tomorrow's Transistors Depend on Better . . .

Semiconductor Bulk Properties

A. D. Kurtz, C. Gravel
Minneapolis-Honeywell Regulator Co. 

Boston 35, Mass.
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DEVELOPMENT of solid state devices de
pends upon the purity and perfection of 

semiconductor crystals. In designing the ideal 
transistor, crystal characteristics are often in 
contrariety. In the case of leakage current 
problems at high temperatures, a large energy 
gap is required. The reverse is true if greater 
mobility of holes and electrons is required. 
Therefore better semiconductor materials must 
be made available having wider ranges of energy 
gap, mobility, conductivity, and lifetime. This 
article after discussing these electrical proper
ties, describes how the need for a higher degree 

of crystal perfection is leading to improved de
vices and fabrication techniques. The magni
tudes of the bulk properties (energy gap, mobil
ity, conductivity, and lifetime) are listed in 
Table 1, along with the significant concentration 
of impurity.

The Need for Higher Energy Gaps

In germanium, with an energy gap of 0.7 
electron-volt, the effects of leakage current are 
very serious at temperatures above 80 C. For 
many applications higher impedance pn junc
tions would be desirable at room temperature.

Silicon with an energy gap of 1.1 ev gives ex
ceptionally high impedance junctions at room 
temperature and operates satisfactorily even 
above 200 C. Higher energy gaps are available 
in intermetallic compounds such as gallium 
arsenide (1.45 ev), indium phosphide (1.25 ev), 
and silicon carbide (3 ev). These materials will 
make possible the operation of semiconducting 
devices at temperatures in excess of 500 C.

coi 
to 
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ini] 
of 
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Mobilities of Germanium and Silicon

For high frequency devices high mobility 
holes or electrons is required. Germanium

of
is

Table 1 Magnitudes of Important Bulk Properties Table 2 Energy Gaps and Electron Mobilities
Property Desirable 

Characteristics

Energy Gap 
Mobility 
Conductivity

Lifetime
Surface Properties
Crystal Perfection

0.7 electron-volt 
1000 cm2/v sec 
Controlled magnitude, 
type, and geometry. 
10'5 sec 
Stability 
Highly perfect

Energy 
Gap 

(electron 
volts)

Significant Impurity 
Concentration 
(atom fraction)

Semi 
conductor

10'4 Ge 0.68
10‘6 Si 1.10
W8 Ge-Si Alloys 0.8-1.0

GaAs 1.45
1 A-iO InP 1.251 V

GaSb 0.77
InAs 0.35

10'3 InSb 0.18
dislocations/cm- CulnSe2 0.9

Electron 
Mobility 
(cm2/volt 

sec.)

3800 
1700 

—3000 
—4000 
—3400 
—4000 
—23,000 

77,000 
—1000
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(Continued on page 18) CIRCLE 11 ON READER-SERVICE CARD

RELAY-TRIP 
CONSTRUCTION 

Provides a separate control 
circuit through the coil ter
minals; this circuit may be 
at a higher or lower volt
age. Can be supplied with 
either voltage-sensing or 
current-sensing coils.

ELECTRONIC DESIGN • July 9, 1958

CALIBRATING-TAP 
CONSTRUCTION

Permits control of two 
cuits, with tripping in 
sponse to overloads in

SERIES-TRIP 
CONSTRUCTION 

Over-current sensing and cir
cuit interruption are n series 
with the protected circuit. 
Breaker may also serve as 
the equipment power switch.

AUXILIARY 
CONTACTS

Permits control of remote in
dicators, alarms, etc. by 
means of a miniature snap
action switch mechanically 
actuated by the breaker 
contacts.

main circuit only. Coil may 
be shunted with a fixed or 
variable resistor to raise 
trip current rating.

It may well be that one of the special 
Heinemann circuit breakers shown at 
right can do double service for you. By 
combining control and protective func
tions in a single component, you may be 
able to reduce substantially equipment 
wiring complexity and overall produc
tion costs.

In addition, you can specify Heine
mann circuit breakers in any standard, 
odd or fractional rating you require from 
0.010 to 100 amperes. And there’s a 
choice of time-delay responses, too.

For custom service in equipment- 
matched protection and control, look to 
Heinemann. Many of industry's leaders 
have done so ... profitably.

HEINEMANN CIRCUIT BREAKERS 
CAN SOLVE MANY CONTROL 
AND PROTECTION PROBLEMS

DUAL-RATING 
CONSTRUCTION 

Protects equipment designed 
to operate on cither of two 
input voltages. Breaker has 
two current ratings, one 
overload coil.

SHUNT-TRIP 
CONSTRUCTION 

Permits remote tripping 
through appropriate circuit
closing contacts in remote 
control or safety devices.

Complete information is avail
able in the handy '‘Circuit 
Breaker Engineering Guide,” 
Bulletin 201. Send for a copy.

where WB is the base width of the transistor, 
the gain may be affected by the presence or ab
sence of lifetime degrading impurities. Similarly 
dislocation densities must be less than 104 per 
‘ in2 to insure high lifetime, and high gain as well 
is ease of fabrication.

superior in this respect to silicon since the mobil
ity of charge carriers is about twice as great. 
I [owever, certain of the intermetallic compounds 
v/ith small energy gaps have extremely high 
mobilities, as much as a factor of 30 higher than 
that of germanium. Devices employing these 
compounds will be discussed subsequently. 
Table 2 lists the room temperature energy gaps 
and electron mobilities for germanium, silicon, 
and some of the intermetallic compounds.

ELECTRIC COMPANY
156 Plum Street, Trenton 2, N. J.

en

Effects of Crystal Imperfections

Most semiconductor devices require adjacent 
n gions of opposite conductive types (pn, np 
junctions), whose widths must be very accurately 
controlled. In high frequency transistors these 
regions may be as thin as 0.00005 in. In order 
to control junction geometry the semiconductor 
material must also have a high degree of crystal 
perfection including crystallographic orientation, 
low dislocation densities, and the absence of 
such gross imperfections as lineage and slip. Dis
locations may be thought of as mistakes made in 
the ordinarily perfect arrangement of atoms in a 
crystal lattice. They7 arise from either accidents 
in the crystal growing process or the application 
of plastic deformation to the crystal. Since the 
dislocations are stress centers they will dissolve 
during alloying faster than the more perfect 
regions of lattice and thus make it difficult to 
control junction formation. In addition they tend 
to lower the junction breakdown voltage, in
crease reverse currents and limit the transfer of 
carriers. Thus the control and avoidance of these 
imperfections is fundamental to the production 
of semiconductor material suitable for device 
fabrication.

Lifetime Degrading Impurities

The lifetime, r, of an injected carrier is the 
time constant describing the rate at which car
riers of one type recombine with carriers of the 
opposite type. Preserving minority carrier life
time places the most stringent requirements on 
purity and crystal perfection. Impurities such as 
nickel and copper in germanium and gold and 
iron in silicon of one part in ten billion are 
sufficient to markedly decrease the lifetime. Since 
the low level grounded emitter gain of a tran
sistor, p, is given by:

a 2D T

HEINEMANN



VICTOR DIGIT-MATIC PRINTERS

Proved by over 16,000,000 
printings without repairing, 
adjusting or cleaning!
The adding machine in the Digit-Matic has been tested 
with over 16,000,000 continuous printings, with no fail
ure, no service other than periodic oiling. Forty years 
of experience in producing 1,500,000 adding machines— 
as well as precision instruments such as the Norden 
Bombsight—has given Victor Adding Machine Co. out
standing qualifications for producing rugged and reli
able digital printers.

CHECK THESE 4 VICTOR ADVANTAGES

Reliability: Examine the rugged construction of 
a Victor machine. Each part is conservatively 
designed to provide extended life and reliability. 
Wearing surfaces heat treated, cyanide hard
ened to stand up under constant use. All steel 
parts cadmium plated to prevent rusting.
Immediate Service: Factory-trained servicemen 
(and parts) are on call in more than 725 cities 
coast to coast.
Flexibility: At least 500,000 different combina
tions available, with speeds up to 33 characters 
per second. With Victor Digit-Matics you have 
your choice of listers, accumulators, or calcula
tors plus an almost infinite number of other 
variations ranging from electrical noise filters to 
upside-down printing.
Fast Delivery, Low Price: Because of Victor’s con
tinuous high volume of adding machine produc
tion, we can ship almost any quantity of Digit- 
Matics—built specifically to your order—within 
30 days. Victor Digit-Matics, from only $425.00, 
are the value buy in the digital printer field.

COIL DATA

VICTOR SERIAL ENTRY DIGIT-MATIC PRINTER î

10 Digit solenoids. Digits are entered in sequence with 
most significant digit first. Accepts digits at a rate up 
to 20 per second. Print cycle: listers 0.27 seconds; ac
cumulators 0.35 seconds. Available in up to 11 column 
entry capacity.
COIL DATA
Voltage
Resistance, ohms

Digit solenoid
+ or — Print solenoid 

Minimum on time, seconds 
Maximum on time, seconds

(continuous printing)

21-28VDC

25.5
25.5 
.02 
.05

42-54VDC

75.0
75.0 
.02 
.05

125-160VDC

490.
450. 
.02 
.05

Minimum off time between digits—all serial entry machines—.025 
seconds.

VICTOR PARALLEL ENTRY DIGIT-MATIC PRINTER
All digits 1 through 9 of each column equipped with 
solenoids. Digit and print command solenoids may be 
simultaneously energized. Print cycle:—listers 0.30 
seconds; accumulators 0.35 seconds. Available in up 
to 10 columns entry capacity.

Voltage
Resistance, ohms

Digit solenoid
+ Print solenoid
— Print solenoid

Minimum on time, seconds
Maximum on time, seconds 

(continuous printing)

20-28VDC 35-56VDC 125-160VDC 105-125VAC

17.6 53.0 700. 125.
17.6 89.0 375. 125.
17.6 53.0 375. 125.
.020 .020 .015 .025
.050 .050 .035 .050

A few popular model variations:—columnar spacing; 
right side of machine accumulating and left side list
ing data identification: Non-Add printing; Non
printing adding; MIL-I-17623 Electrical Motor 
Noise elimination; Induction Motors; Manual Keys 
over the solenoids; “digit key depressed” switch 
(serial entry Digit-Matics); tag and label printing; 
and all kinds of alphabetic and special types.

Write today! Victor’s electronics-trained staff 
will gladly help you solve any digital printing 
or calculating problem.
Write for technical manual No. D7-71
Electronics Division
VICTOR ADDING MACHINE CO.
3900 N. Rockwell Street, Chicago 18, III.
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New Devices and Techniques

Processes. The diffusion of impurities from the 
vapor phase into the solid semiconductor prom
ises an extremely reliable and controllable prec
ess for fabricating closely spaced, uniform 
junctions. The need for such junctions is one of 
the limitations on the frequency response of 
junction transistors. Units have been made by 
this technique which amplify and oscillate at 
frequencies well over 1000 me with controlled 
impurity layers as thin as 0.00003 in. In addition, 
a given gradient of impurities in the diffused 
layers may be obtained by the proper choice of 
both diffusion temperatures and impurity vapor 
pressures.

Zone-refining has made it possible to prepare 
germanium and silicon with no more than one 
part per billion of electrically-active impurities. 
In zone-refining a molten zone is swept through 
an ingot of the semiconductor material, sweep
ing impurities to one end of the bar, taking ad
vantage of the fact that the solubility of the 
impurities in the liquid is greater than in the 
solid material.

Since copper and nickel diffuse very rapidly 
into germanium, and gold and iron diffuse 
rapidly into silicon at the temperatures necessary 
for the fabrication of devices, efficient methods 
for removing these undesirable impurities must 
be found. Various techniques such as getting 
materials on the semiconductor surfaces, form
ing a metal semiconductor eutectic which leaches 
out the impurity, and annealing to precipitate the 
impurity, are being investigated.

The requirement for a higher degree of crystal 
perfection has led to improvements in the crystal 
growing process. Crystals of germanium and 
silicon can now be produced almost free from 
lattice defects.
Materials. The intermetallic compounds promise 
new and interesting devices. These may be di
vided into three classes: higher temperature and 
frequency transistor-like devices; infrared, ultra
violet and visible light sensing devices; and 
magnetic sensing devices. The first class of de
vices depends on the very large energy gap of 
certain of the intermetallics. For instance, use 
of silicon carbide as a semiconductor should per
mit transistor operation above 500 C. Further
more the large carrier mobilities of the inter
metallics makes possible the much higher 
attainment of frequency response than now 
possible (as large as a factor of ten greater than 
that of germanium).

Sensitivity to radiation of a particular wave 
length is also possible with these compounds 
because of their wide variation of energy gap. 
When these effects are better understood we 
have available photo-sensing devices set for 
fixed frequencies or bands of frequencies.
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The electrical properties of these materials 
Iso show very large changes in the presence of 
nagnetic fields. In indium antimonide very large 
magneto-resistance effects including resistance 
thanges of as much as 20:1 are obtainable with 
(onvenient magnetic fields. This property can 
1 e used to make variable resistors without slid
ing contacts, such resistors being electronically 
controlled for use in servo-systems or current 
stabilizers.
New Devices. A whole family of devices stem 
horn the use of the Hall effect. Devices for meas
uring magnetic field strength, an electric com
pass, a high sensitivity magneto-meter, clip on 
current ammeters for de systems, multiplying 
elements in analog computers, a de Hall am
plifier are a few of the possibilities. The attrac
tiveness of indium antimonide for these devices 
arises from its high power efficiency which is 
some 300 times higher than for germanium. The 
sharp conductivity change of indium antimonide 
when subjected to a magnetic field may also be 
adapted to a relay with no moving parts which 
can be switched from on to off with the applica
tion of a magnetic field.

Since work on the intermetallic semiconduc
tors was started relatively recently their purity 
and crystal perfection does not equal that avail
able for germanium and silicon and the carrier 
mobilities are still limited by impurities and 
imperfections. Further work is required to con
trol their conductivity sufficiently for transistor 
applications.

The advent of new techniques and devices 
must be examined against a background of the 
economics concerned. Semiconductor progress in 
the beginning encountered great difficulties in 
manufacture with yields of usable devices as low 
as 15 to 20 per cent of starts. Much of this diffi
culty has been overcome with standard devices 
in mass production operations and a continual 
effort is directed towards increasing yields and 
in reclaiming as much waste material as possible.

Silicon has proved to be more difficult to 
process than germanium because of its extreme 
activity and high melting point. Uncontrolled 
impurity variations from lot to lot of the raw 
material are reflected in lower device yields and 
in higher unit costs. Silicon cannot be purified 
by ordinary zone melting techniques as can 
germanium, because the impurity element boron 
possesses a distribution coefficient in silicon of 
nearly unity and does not segregate on zone 
melting. In addition, quartz, the only crucible 
material found practical for melting silicon, con
tains sufficient boron so that repeated recrystalli
zation in quartz results in the contamination of 
silicon by the quartz. Before silicon is competi
tive with germanium, the industry must reduce 
the cost of the basic material by overcoming 
these technological difficulties.
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TUNG-SOL POWER TRANSISTORS IMPROVED 
THREE WAYS BY:

NEW

Tung-Sol’s new true cold-weld seal represents a major 
advance in transistor technology. An exclusive 
Tung-Sol development, cold-weld sealing increases 
TO-3 outline package efficiency and brings designers a 
threefold bonus in over-all transistor performance.
Improved thermal qualities. The cold-weld process 
produces a hermetic, copper-to-copper seal and makes 
possible a 100% copper transistor with thermal prop
erties superior to previous high power tjpes.
Improved reliability. Cold-weld encapsulation elimi
nates heat damage, “splash”, and heat-caused moisture 
that can impair transistor performance.

THESE TUNG-SOL HIGH POWER (TO-3 OUTLINE) 
TRANSISTORS FEATURE THE NEW, COLD-WELD SEAL

Type

2N378
2N379
2N380
2N459

bvces BVCEO
(vbe= 4-1. Ov) (lB = 0)
Volts (Min) Volts (Min)
—40 —20
—80 —40
—60 —30
—105 —60

hFE
(IC = 1.0 A)

50
50
70
50

I

Longer efficient life. Even through temperature fluctu
ations that cause “breathing”, the cold-weld seal stays 
vacuum-tight, moisture-proof—result of actual integra
tion of the copper molecules during sealing.

Tung-Sol power switches with the new cold-weld seal 
withstand the most rigid combination of tests given any 
transistor—the 100 psi “bomb” immersion test and the 
critically sensitive Mass Spectrometer leak test. Fur
ther, they meet all military environmental require
ments. For full data on the improved Tung-Sol types 
... to fill any transistor need, contact: Semiconductor 
Division, Tung-Sol Electric Inc., Newark 4, New Jersey.

IMPROVED SPECIFICATIONS OF TUNG-SOL 
COLD-WELDED HIGH POWER TRANSISTORS.

hFE
(IC =2.0 A)

TO-3

L

Collector Dissipation @ 25°C*...50 Watts
Collector Dissipation @ 55°C*.. .25 Watts
Thermal Resistance........................... 1.2° C/ Watt Max.
ICBO @ VCB = —25v T = 25°C...0.5 Ma Max.
ICBO @ VCB = — 25v T = 85°C...7.5 Ma Max.
Storage Temperature...................... —55 to 4-100°C

’Mounting bate temperature

rUNG-SOL
CIRCLE 13 ON READER-SERVICE CARD
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Transistorized equipment is clev
erly protected by this voltage limiter 

that both instantaneously clamps the 
dc voltage and removes input power 
from the power source, in many tran
sistor applications, the briefest overvolt-

dc voltage is instantaneously clamped, 
and while the clamp is holding the volt
age, input power is quickly removed 
from the power source.

Operation of the voltage limiter shown 
in Fig. 1 is straightforward, requiring no 
special procedures. A glance at Fig. 2 is 
sufficient to determine the required con
nections. The cut-off point may be set 
to any value between 0 and 50 v by 
means of a continuously variable front 
panel control.

A semiconductor provides a clamp 
with an adjustable operating level. The 
return path for the clamp current is 
through the winding of relay KI. If the 
power supply voltage Eo exceeds the 
operating level at which the clamp is 
set, clamp current operates relay KI 
which in turn short circuits the dc line 
and disconnects ac power. During the 
time required for the relay to operate,

Effective Voltage Limiting

Model 66 voltage limiter manufactured 
by Electronic Measurement Co., Inc., 
combines the best features of typical 
voltage limiters. Upon overvoltage, the

age in subsequent broaching operations 
was practically eliminated ... and cus
tomer’s machines and personnel were 
available for other work.

To the customer, all of these benefits 
added up to the lowest possible FINAL 
(OST-PER-PIECE.

INVESTIGATE the possibilities of 
similar savings in the production of some 
of your component parts. Get the com
bined consulting services of Fansteel met
allurgists and our production engineers 
—the men who know how to make the 
metal as well as machine and fabricate it.

Actual dollar and cents savings over the last 41^ years has proved to 
this customer that turning the entire job over to Fansteel was a prof
itable move. Over 310,000 parts, machined to customer's rigid spec
ifications, were delivered as needed and on time to meet production 
schedules...rejects and scrap were no longer a costly problem...break-

over-heating and possibly race away to 
destruction. This can be very costly 
where a large amount of semiconductor 
equipment is undergoing life or heat 
tests. The voltage limiter described here 
has been developed to protect transis
tors from damaging overvoltages, partic
ularly those overvoltages of a transient 
nature.
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15 OPERATIONS
1. Cut off rod
2. Centerless ground
3. Hoot treat
4. 100% inspection—material 

and roundness
5. Center hole drilled
6. One end faced and chamfered
7. Bored to finish dimension
8. Other end it faced
9. Shoulder* turned

10. Degreased and inspected for 
dimensions

11. Roll threaded to a class 3 fit
12. Faced to final length
13. Slot ground
14. Deburred
15. Final inspection for concen

tricity, all dimensions 
and finish

Tolerances ± .0005
Concentric with thread 
pitch dia within.002T.l R.

Finish: 16 Micro Inches

This story is typical of the news and tech
nical comment contained in our publication, 

FANSTEEL METALLURGY, 
u Write, if you would like to receive 
u a free copy regularly.

SETS AMAZING RECORD _ 
IN TURNING OUT COMPLETE JOB 
FROM POWDER TO FINISHED PART
*... and over 50% of the rejects were salvaged. 

This outstanding production story is another good example of why 
so many manufacturers now say to Fansteel:

. . . "determine the right metal for our job
. . . make the metal 
. . . and fabricate the parts to our specifications.*

314,249

FANSTEEL METALLURGICAL CORPORATION North Chicago, III , U S Ä
Fig. 2. Simplified functional diagram



lie clamp continues passing current, 
holding Eo within very narrow limits of 
its initial value.

vn 
no
is 

in
set 
by 
>nt

Operating Characteristics

The curves in Fig. 3 show the behavior 
of the clamp at two different operating 
levels, namely 10 and 50 v. With the 
clamp set at 50 v, trip-out occurs at less 
than 50.8 v. The 50.8 v point corresponds 
to 130 ma. This is the minimum current 
required for relay trip-out. If the power 
supply is capable of furnishing more 
than 130 ma during the surge, the limiter 
will absorb the additional current. How
ever, there will be a slight increment of 
voltage due to the additional current. 
For example, as shown in the graph, an 
available current of 1 amp during clamp 
operation will produce a voltage of about 
1.1 v above the nominal setting. At 2 amp 
the rise is still very low, being about 1.5 
v above nominal. These slight increments 
are well below the level of the voltage 
spikes generally responsible for damage.

The voltage increment plotted against 
limiter current for the 10 v curve is ap
proximately the same as for the 50 v 
curve. Although this represents some
what of an increase percentagewise over 
the 50 v curve, it is still a small increase 
compared to the nature of most damag
ing transients. Additional curves for 
other voltages can be extrapolated.

Limiting occurs at the very beginning 
of an overvoltage, however, as indicated 
in the graph, the relay will not operate 
until the clamp current reaches or ex
ceeds 130 ma. Therefore, the power sup
ply should be capable of furnishing at 
least 130 ma, the minimum required for 
relay trip-out.

For more information, turn to the 
Reader-Service card and circle 15.

Improved Metal-To-Glass 
Alloy Holds Seals Tight 
Against Hydrogen 
at 250 Pounds Pressure

Development of Clare* Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris #152 Alloy

Driver-Harris Alloys at work in Product Advancement
For all kinds of high-speed switching machines and devices 
which demand accuracy and dependability of the highest 
order, this new Clare Type HG Relay offers a combination 
of high speed, high current-and-voltage capacity with re
markably uniform long-life performance. It has a con
servative life expectancy of more than a billion operations 
when operated within its ratings and can be driven at speeds 
up to 100 operations per second.

In this cutaway view (2% x) a magnetic switch, her
metically sealed in a high-pressure hydrogen filled glass 
capsule, and a coil, are enclosed in a steel vacuum tube 
type envelope. The switch forms the core of the coil which 
provides the magnetomotive force for operating it.

The glass enclosed switch is very compact and small 
(5/16" diameter x 2" long) yet its handling capacities of 
5 amperes and 500 volts maximum are truly remarkable.

These features of its construction make this possible. In 
the switch segment, the platinum contact surfaces are 
wetted and protected from electrical and mechanical 
erosion with mercury by means of a capillary connection 
to a mercury reservoir below the contacts. In addition, the 
high hydrogen pressure enables the contact gap to with
stand a high voltage gradient without breakdown.

Keeping the gas from leaking posed a production prob
lem. The specifications for the lead wires at the top of the 
switch and the tubular vacuum stem at the bottom were 
stiff. 1. Gas-tight seal against hydrogen at 250 PSI. This 
was difficult. 2. Perfect match to thermal expansion char
acteristics of the glass. 3. Good ferromagnetic properties. 
4. Exceptional surface bonding properties since the per
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 
seal than the current handling capacities of the contacts.

Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers.

Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver- 
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob
lem and extraordinary specifications. We have a special 
bulletin on Sealing Alloys if you care to have one. Your 
inquiry is awaited. tc. P. Clare & Co., Chicago, III.

•T.M. Reg. U.S. Pat. Off.

oil» 
AMHIB->.

Fig. 3. Voltage increase above nominal limiter setting 
vs available current at time of limiter trip out.
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DRIVER-HARRIS COMPANY a
HARRISON, NEW JERSEY • BRANCHES: Chicago, Detroit, Cleveland, Louisville

Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco • In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario

MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES
CIRCLE 16 ON READER-SERVICE CARD
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W. J. Maloney
General Electric Co. 

Semiconductor Products Dept. 
Syracuse, N. Y.

ELECTRONIC DESIGN
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CN6INCERS AND PHYSICISTS:

WRITE U S
for illustrated, brochure

TALENT GROWS AT EMERSON ELECTRIC

Transistor Parameters

GROWS

This colorful new brochure is a pictorial tour of our 

Electronics and Avionics Division, our operations and com

munity. More important, we sincerely believe it will provide 

you with clear, logical reasons why “talent grows at 

Emerson Electric": ours is an expanding company, doing 

some of the most advanced work in avionics-electronics—a 

medium-size growth company in which people know each 

other and are quick to recognize where ideas come from.

If you desire opportunity for growth, WRITE TODAY 

for free brochure and include resume of your business 

and education background. Simply address A. L. Depke, 

Engineering Employment Supervisor. There is no obligation.

Electronics and Avionics Division

Emerson Electric
St. Louis 21, Mo.
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.small changes in temperature may be great« 
than suspected by the designer. The magnitude | 
of variation of important transistor parameter! 
are shown in Figs. 2-6. Ambient temperatuill 
for testing range from 25 to 45 C (77 to 113 F 
The following parameters were considered:
■ Grounded emitter power gain, Ge, at 455 kc
■ Reverse voltage feedback, hrb, at 1 m 
grounded base
■ Collector current with base open, ICEo
■ DC beta, hFE, with a constant base current 

The parameters investigated are those direct] 
affecting small signal radio frequency amplifier I 
All tests were performed at Vc = 5 v and IE = 
ma except where other conditions are noted. Th 
power gain was measured in the circuit show 
in Fig. 1. The gain figures are in decibels am 
represent the circuit gain rather than the trail 
sistor gain. [Ozalid copies of other test circuit 
for various parameters may be obtained by writ 
ing to the editors.]

In addition to the difficult application problem 
classification of the units presents an associate 

(Continued on page 2l|

W. J. Maloney joined the Sem 
conductor Division of GE threi 
years ago. Prior to obtaining hi 
degree in electrical engineerir! 
from Lehigh University, ij 
served six years in the navy a 
electronic technician. His mail 
area of effort is the evaluatioi 
of specification on products aft 
specific applications encompass! 
ing instrumentation, parametri 
variations, and product stabilit]| 
as they affect both the produc 
and its application. The author is 
shown demonstrating the impoi 
tance of transistors to the youn 
er members of his family.
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:ig. 1. Test circuit used to measure the effects of temperature on transistor parameters. 
100 Gez npn, rate grown transistors, types 2N168A, 2N292, 2N169 and 2N193, were tested, 
ïgs. 2-6 show the changes in specific transistor parameters with temperature, assuming 
legligible effects of circuit parameters.

blen ^’9- The curves show the minimum, average and maximum changes in power gain, G 
■‘iatef caused by increasing ambient transistor temperature from 25 to 35 C. 
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Fig. 3. Change in Ge caused by increasing ambient temperature from 25 to 45 C.

1ÇJ|Í.LECTRONIC DESIGN July 9, 1958

THIS

NUMBER TQ-2C/24VD
(At right) Advance TQ type is 
our smallest telephone relay: 
Length, 1W; Width, 
Height, from 1’A" to 1W.

SPECIFICATIONS
Coil resistance, 2C: From 40 Ohms at 6 volts, DC, to 

12,000 Ohms at 110 volts, DC.
Coil resistance, 6C: From 10 Ohms at 6 volts, DC, to 

5,000 Ohms at 110 volts, DC.
Nominal power required: 2C, 1.0 watts nominal (appr.); 

6C, 3.0 watts nominal, (appr.).
Contact rating: 3 amps resistive, 1 amp inductive at 115 

volts AC or 26.5 DC.
Contact arrangement: Available in form A, B, C, D, or 

E, up to a maximum of 6 Poles.

All Advance Telephone Re
lays feature small size, short 
armature travel, and highly 
efficient magnetic structure. 
In addition to the type TQ 
‘•Miniature’’ telephone relay 
(illustrated), which has a con
tact rating of 3 amps resistive, 
Advance also offers the TF 
"Midget" theTD “Small" and 
the TS "Sensitive." All with 
a contact rating of 5 amps.

Available From Leading Distributors
WRITE FOR COMPLETE DETAILS
You'll want all 4 data sheets for your file: TQ, TF, TD A TS.

ADVANCE DELAYS
A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY
Dept. G, 2435 N. Naomi St., Burbank, California

CIRCLE 17 ON READER-SERVICE CARD



CHEMISEAL® NYLON

INCREASE
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United States Gasket Company
Camden 1, New Jersey

Fig. 6. Change in hEE with increase in temperature,
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iCE0 in this — 
REGION WHEN TEMPERATURE

IS INCREASE TO 35 C

Design to use Chemiseal Nylon (du Pont Zytel) for those 
mechanical and electromechanical parts that must be 
strong, durable, wear resistant. It has the highest com
pressive strength, is the most rigid, has the best resistance 
to heat, abrasion, chemicals, solvents, oils and greases. And 
it is the lowest priced of the standard nylon compositions.

Coupled with U.S.G.’s Injection Molding "know’-how”— 
Chemiseal Nylon assures you the lowest cost, precision 
parts, in volume production. And we specialize in handling 
designs difficult to mold.

U.S.G. Nylon service goes all the way—offering not only 
injection molding of parts but also a complete stock of 
bubble-free Nylon rod, standard and pressure tubing, tape 
and extruded shapes. In addition, extensive, specialized 
facilities for high speed automatic machining of parts from 
stock to your specifications.

For prompt service, contact one of The Garlock Packing Company’s 
30 sales offices and warehouses throughout the U.S. and Canada, 
or write

ICEO palls in this 
REGION WHEN TEMPERATURE 

IS INCREASE TO 45 C

AT 2Omo (25 C)
N CHANGE IN hFE WITH 

IN TEMPERATURE

Fig. 4. Change in reverse voltage feedback ratio, hrb, with increase in temperature

Fig. 5. Change in Igeo for changes in transistor ambient temperature



A Complete Line of Magnetic Voltage Regulators

Parameters

problem where the value of any parameter will 
change with ambient temperature. This can be 
associated either with a manufacturer’s produc
tion and quality control testing or with a cus
tomer’s incoming inspection testing. The temper
ature of 25 to 45 C are typical ambient values 
encountered in production testing.

Power gain, Ge, decreases with an increase in 
ambient temperature, as shown in Figs. 2 and 3. 
The magnitude of decrease is dependent on the 
original reading at room temperature and the 
temperature rise.

The change in reverse voltage feedback, hrb, 
increases at a nearly linear rate with respect to 
the 25 C reading. See Fig. 4. The slope is de
pendent upon the new ambient temperature. The 
collector capacity increased. The change was 
essentially a constant equal to 0.25 puf increase 
when the ambient was raised to 35 C and 0.4 
uuf .increase for an ambient of 45 C. Alpha cut
off frequency decreased. Again the change was 
constant amounting to 0.3 me change when am
bient temperature was raised to 35 C and 0.5 me 
change for 45 C.

The breakdown voltage with the base open is 
constant with temperature. However the inherent 
current level increases with temperature. Fig. 5 
shown a plot of Iceo, the current level, at 5 v for 
various temperature conditions. Obviously Iceo 

I increases with temperature and when testing 
Vceo or VCer to a specified current level, the test 
may indicate a decrease in VCeo or Vcer depend

I ing on the current level. The results will be in
fluenced by Ic0, hpE and the specified current 
level as well as the temperature. Hence, specific 
conclusions must take these into account.

DC beta, hFE, increases with temperature. See 
Fig. 6. Correlation to any readily available 
parameter is not apparent.

Conclusions

Changes in transistor parameters are large 
I enough to cause major problems even with small 
J changes in ambient temperature. Tolerances on 

inspection specifications must take this into ac
count. In some cases, such as de beta, the prob
lem is compounded since the variations are large 
and erratic and not readily related to a simple 
measurement technique. These changes can 

[ cause major problems where large quantities of 
L transistors are tested unless the ambient tem
I perature is controlled.

Reference

1 I Hgh Frequency Power Gain of Junction Transistors, 
I H. L. Pritchard, Proceedings of IRE, Vol. 43, pp 1075, 
I >ept., 1955.
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Model MVR60 6 Model MVRH-1000 Model MVR30

sorensen Magnetic Voltage Regulators
Cove I the Full Range—30 to 2000 Volt-Amps...

tier Regulation and Fast Response...Smaller and Lighter
Ex : »1

that i i

tc

‘lient voltage regulation that’s constant within ± 0.5%

Model MVR30
Output 30 VA: ± 0.87% regulation 

from 0 to full load;
Weight: 5 lbs.

Model MVR60-6
Output 60 VA, isolated 6.3 volt 

output; ± 3% regulation, 0 to 
full load.

Model MVRH-1000
Output 1000 VA; ± 0 9% regulation. 

0 to full load; distortion 3% 
at any toad.

Complete information on the full line of MVR’ 
representative, or will gladly be mailed on you

is wi

gainst any line change from 95 to 130 VAC —with operation 
instantaneous, automatic, continuous, and protected 

against overload damage — Sorensen MVR’s 
blanket the low and medium power levels.

Supplied in fifteen standard models that range from 30 
2000 VA rating, these Sorensen regulators can be

mounted in any position. Ideal for bench or shop use, 
or for inclusion as a component in your product lines 

to improve performance and life.
These MVR’s are available in three basic designs.

i. Basic Line Regulators, providing minimum-cost, ge. 
eral-purpose, highly reliable regulation of RMS voltage, 
from 30 to 2000 VA.

2. MVR Filament Regulators, providing regulated and iso
lated 6.3 volt filament supply for vacuum tubes; outputs 
from 30 to 500 volt-amps. Also a model with 12.6 
filament supply and 60 VA rating.

3. Harmonic Filtered Regulators (MVRH). Lowest distor
tion of any regulator of similar design. Recommended 
for critical applications requiring precise waveform.

'i ting at your Sorensen
requiii ■ it to:

CONTROLLED POWER FOR RESEARCH AND INDUSTRY

SORENSEN & COMPANY, Inc.
Richards Avenue, South Norwalk, Connecticut

In Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment 
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ohms.

Transistor Impedance

Nomogram
ngineering Data

T. R. Nisbet
Alto Scientific Co. 

Palo Alto, Calif.

Transistor Impedance Nomograms—1

MATCHING transistors to circuits and vice 
versa is made simpler with these nomo

grams. In each of the four nomograms, the key 
shows the method of operation. Where a curve is 
used, the traversing straightedge should be laid 
tangent to the curve. Certain scales can be mul
tiplied by any factor, provided certain other 
scales are also multiplied. To make the arrange
ment easy to use, one point on each of the rela
tive scales has been labeled with one alternative 
value. Scales bearing the same type of label (e.g. 
outlined by a single or double line) must be dealt 
with in the same way.

Recause of the nature of the equations various 
amounts must be added to or subtracted from the 
data before or after using the nomograms. In 
many calculations, however, these amounts are 
negligible. Details are shown in a note on each 
nomogram.

Common Emitter Examples

A transistor with rb — 500 ohms, re = 50 ohms, 
rc— 2 megohms, a = 0.96, is used in the follow
ing situations:
Ex. 1. Load resistance 20 K: find input resistance. 
Nomogram shows R\ = 960. Add re + rb. Input 
resistance = 1510 ohms.
Ex. 2. If input resistance is to be 5000 ohms, and 
load resistance is 20 K, find the series resistance 
to be added in emitter circuit. R\ = 5000 —re 
—rb = 4450 ohms. Nomogram shows emitter 
resistance to be 230 ohms. Subtract rc. Required 
additional resistance = 180 ohms.
Ex. 3. Generator resistance is 400 ohms. Find out
put resistance. R„ = 400 + re -f- rb = 950 ohms. 
Nomogram shows Ro = 181 K.

Common Collector Examples

Ex. 4. Assume the same transistor characteris
tics as listed for common emitter examples. Load 
resistance, 160 K; find input resistance. Using 
multiplier on nomogram scales, R, = 1.33 meg-

Ex. 5. Output resistance, 15.5 K; find generator
resistance. Nomogram shows this to be 480 K.

A useful scale for converting between a and B
is available on the input vs load resistance, com-
mon collector nomogram. (Continued on page 28)

I
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- 1.5
- 1.2
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I40K —

I50K —
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4M —

a —

I.5K
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300 —

200
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2K

.995 30 K 3K
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100------- .99
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60 —

50--------.98
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30 —

~ — .96
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Qi 
Ld 
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.92
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25K
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___8

35K
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— 70K

10 —
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Fig. 1. Generator resistance vs output resist
ance, common collector. Note: nomogram uses 
R'o as equal to the output resistance. True out

put resistance is Ry — Ro 4- re.
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within ±8 voltsTransistor Impedance Nomograms—2

7OOK — 70 K

STARTING VOLTS—72 ±8 volts.
200K

IOKIMIOOK

UJ

20 K

a:
IOK

20

5M

3M
2M

5K

3K
2K 
IK

a: 
UJ 
z 
UJ

I 
I
• 
I

i

50
40

30

500K
400K

300K

HIGH INSULATION RESISTANCE—G-E "Dri- 
film” treatment insures minimum leakage re
sistance of 100 megohms under high humidity.

REDUCED DARK EFFECT— Higher-than- 
normal starting voltage in darkness now 
reduced with a mild, radioactive additive.

STARTING VOLTAGE RANGE is reduced in 
the NE-81 from the ±15 volts of the earlier 
NE-2 to a ±8 volts—a cut of nearly 50%.

co 
co
UJ

in
cn 
UJ
CL

GENERAL ELECTRIC NE-81 GLOW LAMP 

(pre-aged, stabilized version of the NE-2)

70K —

50K —

, 40K

30K -=

Ro
IM —

ANODE IDENTIFICATION—Permanent white 
dot marks positive lead.

PLATED LEADS—Cadmium plating permits 
easier soldering.

Data
NEW G-E PRE-AGED GLOW LAMP

ngmeermg has starting voltage stabilized

7K —

2K

IK —

700 —I

200

500

400

300

5K
4K

3K

IOK

KEY

Fig. 2.

50K

30K
20K

500

300
200

100 —

IOOK

IK

500K

300K
200K

5K

3K
2K

R« 

!—IOOK

rc re
I0M —t—IOOK

20K

IOK

7K

2K

100 IK

700

10

200

100100 —I

70

500

300
200'

50
30
20

5

3
2

500
400

300

5K
4K

3K

50K
40K

30 K

I—10

Generator resistance vs output re-
sistance, common emitter. Note that the nomo
gram uses R'ff as equal to the generator re
sistance, though true generator resistance is 
Ry == R y re fb. 3 DIAMETER 

ENLARGEMENT

Precision "seasoning” of the NE-81 under 
ideal conditions now delivers a component 
permitting circuit design based on closely 
fixed and stable glow lamp specifications. 
Dependable characteristics are assured—lamp 
to lamp, lot to lot.

I

The extreme precision, long life and rugged 
construction of the NE-81 makes it ideal for 
many applications such as: relaxation oscilla
tor; leakage indicator, switch, voltage regulator 
or voltage indicator.

For further information write: General 
Electric Co., Miniature Lamp Dept. ED-78, 
Nela Park, Cleveland 12, Ohio.

Progress Is Our Most Importent Product
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Transistor

R

2K
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IOK10
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300 3OK

UJ
UJ
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70K — 7M

IOOK — *— I0M

Fig. 3. Input resistance vs load resistance, common emitter. The uses R'inomogram
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Common emitter. Co
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a rc + R a'
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Impedance Nomograms—3

«’3
I I ' I .

analog-to-^ital
KEARFOTT

ANALOG-TO-DIGITAL
CONVERTERS

TRANSLATE SHAFT ROTATION 
INTO ELECTRICAL AND VISUAL 

DIGITAL FORM

KEARFOTT DIRECT DRIVE ADAC 
is a shaft-positioned analog-to-digital device 

utilizing coded drums, interconnected by 
high-speed odometer type gearing to provide 

an electrical impulse representing shaft 
position. Available for a wide variety 

of capacities and codings.

KEARFOTT MECHANICAL COUNTERS 
are used to provide precise visual 

presentations of angular position, latitude, 
longitude, or any information imparted by 

'shaft rotation. Both types are designed 
to provide long life at maximum 

slewing speeds up to 1800 R.P.M.

Ri 
10-n.

20

IOO —

200

tn 
tn 
UJ

tn 
tn 
UJ

Data

re

rC
IK -i - 3K

UJ

200
300 
400
500 
700
IK

FOTT LATITUDE COUNTER

KEARFOTT ANGLE COUNTER

KEARFOTT ADAC (2’5) 32.766

KEARFOTT ADAC O TO 359 3

KEARFOTT SYSTEMS INCLUDE: 
Directional Gyro Compos* System*. 
Three Gyro Stable Platform Systems and 
Inertial Navigational Systems.

Send for bulletin giving data of component* of intere*/ to you.

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.
Sole* and Engineering Office*: 1378 Main Ave., Clifton, N. J.

Midwest Office: 23 W Calendar Ave., La Grange, III. South Central Office: 6211 Denton Drive, Dalia*, Texoi 
West Coast Office: 253 N. Vinedo Avenue, Potadeno, Calif.

IOK —

20K

KEY

equal to the input resistance. True input resistance is Ri = R\ -p 4“ re-

The equations from which these four nomo
grams have been developed are as follows:

Ri = rb + r
... ri

CIRCLE 22 ON READER-SERVICE CARD
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Transistor Impedance Nomograms—4

Rl
® IM 
500 K 
300K 
200K 
I50K

1.2------ I20K
IM 

800K 
TOOK
600K

500K

IOOK 
80K 
70K
60K

50K

400K------ 40K

300K------ 30K

25OK — 25K

200K------ 20K
I90K 19 K

4M-
2M —

I80K------ I8K

I70K------

I60K------

1.5 M >I5OK------

I40K------

130 K------

I7K

I6K

I5K

I4K

I3K

I20K------ I2K

II0K I IK

IOOK —IOK

ll that a rc » re + rb

UCommon collector.

500K
160 K

KEY

and Ro » re.

400K —

300K —

200K----

I70K

I50K —

I30K —

I20K —

II0K —

IOOK—->

Fig. 4. Input resistance vs load 
resistance, common collector.

In this nomogram R input

1 -
rc — a r,

resistance and R'l = load re
sistance. True equations for 

these are R, = R'i + rb; Rl =

¡■assumptions. Assuming that rc » rb, then
lh. - [(re-are) rc/(rb+rc+Rg')] .

NEW REFINEMENT

MAKES OLD DOG GOOD

FOR LOW LEVEL WORK

This particular little friend of man (left, above) has been 
on the Sigma payroll now for about ten years, which explains 
why he can be called ' old. ‘ Over the years he’s been sent out 
on a variety of switching assignments, where neither space 
nor available power would permit using a St. Bernard.
Although he’s earned a reputation for being pretty dependable 
when there’s a lot of shaking and tail wagging going on, 
lately certain people at Sigma have been hard at work to give 
him more class.” They figure that with his background, 
he might be able to show up a lot of late-model poodles 
in cases where loads hover around 0.0000001 watt, 
or in the native vernacular, dry circuit applications.

It looks now as if the Brink of Success has been reached: 
98 out of 100 of these refined types consistently pass our 
special low level tests, switching 10 microamperes at 10 milli
volts 5,000 times, with all operations monitored. This is 100% 
production testing on this type, and the 2% that don’t pass 
are sent to a horrible end (in our plant, not in yours). 
As a matter of interest, the contacts in these new types 
for low level work use 24 karat gold.

••■■■Il In case your circuit is considerably more moist, 
but still calls for long, dependable switching that’s 
immune to high shock and vibration levels, old faithful 

jw can also be ordered with silver, palladium or gold
*• alloy contacts. The silver contacts are rated up to

2 amp. (resistive load at 120VAC or 28VDC), 
the palladium and gold alloy types, 0.5 amp. Latest facts 
are available in a Sigma bulletin entitled 'Series 22 Relay , 
a straight presentation with no animal pictures.

I GM A
SIGMA INSTRUMENTS, INC.

91 Pearl Street, So. Braintree 85, Massachusetts
CIRCLE 23 ON READER-SERVICE CARD
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And
New Core Protection

Component in Sage Air Defense ComputersVital

Seen for the first time: complete core protection.

PHOCIRCO

30 ELECELECTRONIC DESIGN • July 9, 1958

PHONES

GLEN COVE 4-8000

FLUSHING 7-8100

Gì 
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Photocircuits
printed circuit cards

Guaranteed Performance Limits
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finish 
boxe; 
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The Sage System, vital to our nation’s security, relies on IBM-built 
computers to display accurate pictures of hostile and friendly 
aerial action.
IBM uses printed circuit cards with plated-thru holes by PHOTO
CIRCUITS to help do the job. IBM experience indicates that 
through-circuitry—using both sides of a printed card—saves space 
and costly assembly time.
Printed circuit cards by PHOTOCIRCUITS have plated-thru holes 
that help eliminate troublesome intermittents caused by vibration 
and temperature changes... increase solderability, too.
PHOTOCIRCUITS produces reliable printed circuit cards...builds 
them with strength to spare for all applications.
“Bonus” copper, on the right-size hole wall, is just one of the rea
sons you can depend on PHOTOCIRCUITS printed circuit cards. 
Proper design, precision production, and advanced quality control 
techniques are others. All add up to outstanding reliability... 
often at lower cost.
Check the advantages of printed circuit cards with plated-thru 
holes by PHOTOCIRCUITS ... the largest and most experienced 
manufacturer in Printed Circuitry. For full information, write 
our Engineering Department PS-1 today.

CIRCLE 24 ON READER-SERVICE CARD

Tough glass polyester cap allows complete free
dom of handling and using tape wound and bobbin 

cores, and helps lower production costs.
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CLEVITE 
TRANSISTOR PRODUCTS 

241 Crescent St., Waltham 54, Mass.
TWinbrook 4-9330

GUARANTEED core performance 
limits will be a boon to designers of 

computer drive circuits, switching mat
rices, shift registers, core-diode memory 
systems and pulse transformers. Engi
neers can now buy bobbin cores with 
tight maximum and minimum limits on 
open circuit characteristics, core flux, 
and squareness.

By defining and guaranteeing per- 
Ifoi nance limits, Magnetics, Inc. has 
taken the first step towards placing 

I cores on the same catalog basis as vacu- 
lum tubes and resistors. The Butler, Pa. 
firm also guarantees performance limits 

Ion B,„, Br/Bm, and gain for tape 
' wound cores.

New Core Protection
Protections are now available for tape 

wound and bobbin cores. A tough glass 
polyester cap completely protects cores 
during handling and use, while a new 
finish for aluminum tape wound core 
boxes guarantees a minimum voltage 
breakdown of 1000 v at 60 cps.

Tough Core Caps
The “Poly Cap” cores are available for 

both stainless steel and ceramic bobbins. 
The rigid structure of the new cap does 
not distort with wide temperature 
changes, and thus, allows freedom of 
handling, and assures against damage or 
changes in core characteristics.

The permanent protection of these 
caps (unbreakable in normal use), not 
only lowers production costs, and as
sures performance stability, even after 
potting, but actually allows for smaller 
cores because the cap fits over the top of 
the flanges rather than requiring en- 

I capsulation.

GLASS DIODES 
and 

POWER TRANSISTORS

Guaranteed Voltage Breakdown
The new finish for the aluminum 

boxes for tape wound cores insulates the 
windings from the box without taping— 
and over a temperature range from —70 
to 4-450 F. By eliminating the need to 
tape the core box, cost and production 
time are knocked down. This GVB finish 
is compatible with any standard potting 
compound, and allows vacuum impreg
nation down to 20 mm of mercury.

For more information on these new de
velopments, turn to the Reader Service 
card and circle 25.

HIGH FREQUENCY AUDIO
HIGH SPEED SWITCHING

MILT-12679 A 32 (Sig C)
10 WATT & 4 WATT

A DIVISION OF

CLEVITE

OTHER CLEVITE DIVISIONS: Cleveland Graphite Bronze • Brush Instruments • Clevite Electronic Components 
Clevite Harris Products • Clevite Ltd. • Clevite Ordnance • Clevite Research Center • Intermetall G. m. b. H.



Error-Free

YOU GET 33 TIMES THE ADJUSTABILITY

WITH BOURNS POTENTIOMETERS!

Compared with the conventional single-turn rotary potentiometer, 

the adjustability of Bourns potentiometers is a 33:1 improvement.

Providing 9000° of rotation instead of 270°, Bourns potentiometers 

simplify and speed up the adjustment or balancing of circuits 

You can repeat any setting quickly and easily.

Settings are virtually immune to shock, vibration and acceleration.

Translatory action of wiper provides inherent stability. The rigidly 

mounted wiper is driven by a threaded stainless steel shaft, 

which is actuated by your screwdriver. No need to recheck settings after 

a lock-nut is tightened. There isn't any lock-nut.

Available with printed circuit pins, solder lugs, or stranded insulated leads.

Laboratories, Inc
P.O. Box 2112-B • Riverside, California

write for TRIMPOT 
Model Summary Brochure

ORIGINATORS OF TRIMPOT® AND TRIMIT®
PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRESSURE AND ACCELERATION

Protected bv U.S. Patents 2,706,230; 2.777,926 Other Patents Pending

Analog/Digital

Converter
Unbuttoned A/D converter shows staggered 
segments on 3-1/2 in. disc. Ten bit resolution 
and no ambiguity for “on the fly" reading is 
obtained in this way, with an unusual internal 
switching network.
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DISC ROTATION -

to

TRANSISTOR BETA hie TESTER — KT-I

• Common Base or Common Emitter
• Current Range — 100 /¿a to 1 amp. (special models

TRANSISTOR TEST SET — GP-4
The transistor tester that meas

ures: h parameters and equivalent T 
coefficients . . . NPN and PNP junc
tion and surface-barrier transistors 
. . . grounded-base or emitter circuits 
. . . alpha and beta cut-off . . . Ico 
. . . and Cc. Measurement frequency 
from 100 c.p.s. to 1 me.

Minority Carrier Lifetime Test Set
Semiconductor Resistivity Test Set

For specific applications, modified versions of standard 
instruments are available.
Write for complete technjcaMnformation.

Portable, lightweight transistor 
tester measures Beta hie and Ico. 
Completely self-contained with a tran
sistorized 1 kc oscillator and bat
teries, featuring printed-circuit 
construction and meter overload 
protection.

Two transistor sockets — one 
standard socket for in-line or J ETEC 
cases, plus easy insertion socket for 
long lead transistors.

2 amp.)
• Collector Voltage Range — Oto 100 v.
• Frequency Range — 100 cps to 200 kc
• Direct measurement of h parameters plus a and /? cutoff
• Meter indication of DC parameters, lCo» ko» BVCer, VEbf

Designers of custom test equipment for specific applications 
(e.g., automatic and production test sets). B-A transistor 
test sets are designed by transistor circuit engineers.

Other Baird-Atomic Transistor Test Equipment Available:

Fig. 1. Staggered pattern of disc. Black areas are perma
nently energized, shaded areas are the leading and lagging 
portions of the segments. The electrical status of the bit brush 
is a function of a logic circuit formed by feed brushes and 

conducting segments. Control of the logic circuit is by the 
controlling bit brushes.

General Purpose
Transistor Test Set -

with Semiconductor Regulated Power 
Supplies for ease of operation

For 
LABORATORY 

research 
and quality 

control
applications

0^0»

INAMBIGUOUS ten bit resolution on 
a 3-1/2 in. disc results from stagger- 

bg bits on two concentric tracks in this 
kw analog to digital converter. Am- 
iguity is controlled by preventing the 
ransition of any of the nine most signifi- 
pnt bits—except when they coincide 
nth the least significant bit. An unusual 
pmbination of bit tracks and transistor- 
red logic circuits provides the 10 bit 
bsolution.

Designed by Librascope, Inc., Glen- 
ale, Calif., the converter uses 17 brushes 
one readout brush per digit, six feed 
rushes, and one common brush. The 
isc pattern shown in Fig. 1 is designed 
) each normally-conducting segment 
as an electrically isolated leading and 
gging portion (shaded areas).
The unique brush arrangement cou- 

led with the transistor logic eliminates 
mbiguous outputs due to time differ- 
nces in bit transition. The transition of 

ogle brush depends on the simulta- 
Dt ' transition of the controlling bit. 
| Ambiguity in earlier disc converters 
Jually resulted from disc misalignment.

iscounts and noise resulted. To dodge 
f is problem, some computers operate 

ly on information received when the 
^inverter s input shaft has been stopped 
Bid locked. This eliminates ambiguity, 
>1 right, but decreases the amount of 
Jita available to the computer during

iy interval.
I ‘ )ther converters use either special 
f merical codes—requiring that only one 
J git change at a time—or some combi

red 

ion
3 is 
nal

nation of electrical and mechanical tech
niques to prevent errors. With these, a 
translator is needed for the output. The 
computer usually accepts only binary or 
binary coded decimal systems.

A double brush system, formerly used 
by Librascope, required that two brushes 
be used on the more significant track, in
stead of one. The angular distance be
tween each of the double brushes and 
the single, least significant brush was half 
the angular length of the least significant 
segment. A switching circuit, controlled 
by the signal from the single brush, 
eliminated the transition between con
ductive and nonconductive segments. 
Need for this switching made the system 
more complex.

The new A/D converter can be used 
with conventional data logging equip
ment, and as a source of digital informa
tion in computer facilities. It can be used 
in a host of applications. Typical ones 
include supplying integration informa
tion for aircraft engine thrust measure
ments; and in recent computer work, 
finding the convolution integral, given a 
weighting function and an independent 
function.

In the latter application the independ
ent function is represented by the input 
shaft position as a function of time, and 
the weighting function is approximated 
by adjusting the computer’s sampling 
rate.

For further information on this error- 
free A/D converter, turn to the Reader- 
Service Card and Circle 28.

33 UNIVERSITY RD . CAMBRIDGE 38. MASS

33
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NEW PRODUCTS
To provide a complete coverage of ALL new products gen
erally specified when designing electronic original equipment, 
the New Product section has been extended. To include the 
largest number of items, products which are best suited to a 
brief description have been noted at the end of the section. he Se
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APR CAMERA
Up to 24 channels of low frequency data are stored on 16 mm film by the automatic processing 
and recording camera. The record is automatically developed and fixed internally by conventional 
processing methods. Processing is completed within 5 to 10 minutes depending upon film speed. 
Utilizing precision galvanometers, the APR camera has a resolution of 20 cps for a film speed of 
3 cm per min, and a linearity of better than ±1 percent.

The Geotechnical Corp., Dept. ED, 3712 Haggar Dr., Dallas 9, Tex.
CIRCLE 30 ON READER-SERVICE CARD

34

DECIMAL COUNTER
Providing a four line 1-2-4-8 code, with 4 ma 
drive available directly from each of these lines, 
this transistorized counter has the output amper
age necessary for a variety of recording pur
poses. The counter is designed to operate from 
negative pulses of approximately 2 v amplitude 
and 1 to 2 psec in duration, and at operating 
speeds from 0 to 150 kc.

Navigation Computer Corp., Dept. ED, 1621 
Snyder Ave., Philadelphia 45, Pa.

CIRCLE 31 ON READER-SERVICE CARD
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VARIABLE CAPACITOR
hp Semicap, a silicon variable capacitor, has a 
■of over 1000 at 1 me, with a 10 to 1 capacity 
lio well within its piv rating of —200 v de. 
•plications are in automatic frequency control, 
Iquency modulation oscillators, and bandpass 
41 filter networks where precision capacitance 
otitrol is needed.

I International Rectifier Corp., Dept. ED, 1521 
■ Grand Ave., El Segundo, Calif.
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1" SQUARE PULSE GENERATOR!
ESCs Low Cost, Portable Modupulser®

TOROIDAL INDUCTORS
■ge inductance values, despite a relatively 
■all size, are featured in series 781 toroidal in- 
■ctors. Inductances range from 1 mh to 7 h, in 
iLs ful frequency range of 100 cps to 80 kc. 
Jximum Q for a typical 50 mh inductor oper- 

at 11 kc is 130. The line is designed for 
■nted circuit boards, or stacking on a single 
■e v for chassis mounting.

• nold Magnetics Corp., Dept. ED, 4613 W.
■ rson Blvd., Los Angeles 16, Calif.
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Now generate any fixed or variable pulse repetition rate 
without tying up larger pulse generating equipment. 
ESC’s new 1" square fixed Modupulser is factory-set at 
the specified pulse rate—you just plug it in to operate. 
The Modupulser is so inexpensive and convenient, you 
can stock several (with various pulse rates already fixed)

SPECIFICATIONS FOR FIXED MODUPULSER

Pulse Width Range: 1.0 gsec to 8 ^sec
PRF Range: 400 cps to 15,000 cps
Rise Time: 0.2 gsec min.
Output: 6 volts positive and 6 volts nega

tive when operated from a 6 volt DC 
source

Supply Voltage: -6 volts
Supply Current: Dependent on pulse width 

and PRF
Available with miniature 7-pin plugs, 1/10" grid pins 
for printed circuit boards, or to your specifications.

*This tolerance can be reduced if specified

electronic components division /

Kt
Pulse transformers • Medium and low-power transformers • Filters of all types • Pulse forming networks • Miniature plug-in encapsulated circuit assemblies

for quick insertion at any time—or a Modupulser with a 
variable repetition rate. Also supplied for external trig
gering. Manufactured for commercial and military appli
cations, Modupulsers are available from stock or custom- 
built to your specifications. Write for complete technical 
data today!

Tolerance (on pulse width and PRF): 
±20%* change in performance from 
nominal (@25°C):when operated over 
a wide operating temperature range: 
10%

Minimum Output Load: 75,000 ohms (lower 
output load values available with re
duced amplitude)

Volume: 1" x 1* x 1"

CORPORATION • 534 BERGEN BOULEVARD • PAUSADES PARK. NEW JERSEY

exceptional employment opportunities for engineers experienced in pulse techniques

CIRCLE 34 ON READER-SERVICE CARD
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NEW PRODUCTS
Radar Test Set

INCREASED
SIGNAI
POWER

100 MILLION 
MEGOHM 

INPUT IMPEDANCE

Combination X and C band

♦ ♦ * !•<>« < j

A combination X and C band radar test I r1 
has been designed into one compact unit. Moi 
W 909-1C-A has all four master functions of spi 
trum analyzer, power monitor, signal generat 
and direct reading frequency meter. Identical 
function with standard single band models, I 

■ i
Boo i
Oin

unit has a stacking arrangement that permits t I 
dual performance check.

Kearfott Company, Inc., Microwave Di 
Dept. ED, 14844 Oxnard St., Van Nuys, Calif
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in the 215 me 
to 260 me 

telemetering band

in the 235 me 
to 245 me 

telemetering band

I 
i 
i 
i
i

I

measures current
without adding resistance: 
0.001 pa full scale reading

Phase Measuring Units
Accuracy of ±2-1/2 per cent

The Model REL-10 R-F Power 
Amplifier is a high-output unit 
for airborne applications. With 
power outputs from 10 to 100 

watts, it dramatically increases 
the range of missile and aircraft 
telemetering systems... teams up 

with presently available FM 
transmitters... meets missile 
environmental requirements.

For full specs, write for 
Data File ED-500-1

The Model REL-09-HF is a 
ruggedized miniature R-F power 

amplifier. With a solid history 
of reliability in current missile 
systems, the unit has proved 
capable of withstanding the

I I
\ RHEEM MANUFACTURING COMPANY / 

\ ELECYRONICS DIVISION !
’ I
t 7777 Industry Avenue, Rivera, Calif. / 
\ phone: RA vmond 3-8971 I

/ 
/
/ 

/ 
/

I 
I 
1 
I 
1 
1
I 
I

most rigorous airborne applications. 
The 5-inch, 1-pound amplifier 
delivers an 8-watt output to a 
52-ohm load with a 1.4-watt

input drive.
For full specs, write for 
Data File ED-504-1

t

RHEEM MANUFACTURING COMPANY !
ELECYRONICS DIVISION !

7777 Industry Avenue, Rivera, Calif. I 
phone: RAymond 3-8971 !

The Model REL-500 Precision
Universal Meter is so versatile 

and broad-ranged that it performs 
as a voltage stability meter, a 

millivoltmeter, a micromicroam
meter, a megohmmeter, a capacity

meter, a pH meter, and as an 
electrostatic voltmeter.

It is so accurate that it performs 
all these functions with greater 
precision than most specialized 

single-purpose meters.
For full specs, write for
Data File ED-503-1 /

\ RHEEM MANUFACTURING COMPANY/ 
\ ELECTRONICS DIVISION I 

' 7777 Industry Avenue, Rivera, Calif, f 
\ phone: RAymond 3-8971 /

f
I 

i 
/

Type 410 phase meter features: no tubes, b 
tery, or power supply; no error due to harmor 
or noise content; no amplitude adjustment, i 
zeroing; direct reading in degrees; no drift, 1 
warm-up period required; and accuracy I
±2-1/2 per cent. Type 206 microsecond indicati se
measures: phase angle between two puls« 
modulated sine waves; time interval betwel
any two points of an irregular pulse; time deli 
of a four-terminal network; and time inteni 17

between an incident and its reflected pulsi S'

CIRCLE 422 ON READER-SERVICE CARD

36
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through a medium.
Ad-Yu Electronics Lab., Inc., Dept. ED, - 

Terhune Ave., Passaic, N.J.
CIRCLE 36 ON READER-SERVICE CARD
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Synchronous Motor
Delivers 12 oz-in. torque ron

Transistors■pO^.

:om Visit us at WESCON, Booth 1567-68
hrer

HIGH POWER
mits

up to
Calif.

Media-

MEDIUM POWER
Filament Transformer

For transmitting tubes

100

FAST SWITCHING TYPE

□es, b SMALL SIGNAL

betwet

TYPE

WRITE FOR BULLETIN TE 1353

••ctlfiersTransistors

115 v line, 400 cps, single or 
phase, delivering 12 oz-in. at

ST400
ST401
ST402
ST403

2N545
2N547
2N49n
2N497
2N551

15@2 utnps 
20@2 amps 
15@2 amps 

15@2 amps

1 5 @500 ma 
20 @500 ma
1 2 @ 200 ma
1 2 @200 ma
20 @ 50 ma

1.5@2 amps
1 5@2 amps
3.0@2 amps
2.5@2 amps

3V@500 ma
3V@50U ma
4V@200 ma
4V@200 ma 
1V@ 50 ma

racy 1 
ndicaq

2N543 
2N480 
2N475
2N336 
2N334
2N118 
2N119

Maximum 
Collector 
Voltage

Vc (volts)

Minimum 
Common 
Emitter 
Curren* 
Gain, ft

Moximum 
Collector 
Voltage 

Vcc Peak 
(Volts)

Typical 
Collector 

Saturation
Voltage 
(volts)

test 
t. M(

Typical 
Collector 

Saturation 
Resistance 

(ohms)
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Minimum 
D.C. 

Common 
Emitter 
Current

Gain

• Ratings to 85 watts
• Operation to 5 amps
• Low Res, 1.5 ohms typical
• Voltage Ratings to 60V
• High Current Gain
• High Speed Switching

Minimum 
D.C.

Common 
Emitter 
Current

Gain

Typical 
Cut-off 

Frequency 
(MC)

• Operation to 500 ma >
• Ratings to 5 watts /
• Low Res, 6 ohms typical / / 
• High Speed Core Driving ' :
• Heat Sink Mountings available

?nerat 
ntical

Maximum 
Power 

Dissipation 
at 25°C

interni 
I pub

Maximum 
Collector 

Cut-off 
Current 
at 25°C 

at Vc MAX 
(Md)armoiri 

lent. M 
Inft. I

■DO rpm pull out torque. The unit 
Ian be supplied with a gearhead 
Iith a maximum length of 2-1/8 in. 
In to a ratio of 200:1 and with a

New high power transistors have just been added to the Transitron line, 
increasing power ratings to 85 watts. Now, whatever the application, 
you can choose from the broadest power range in the industry . . . 
with Transitron reliability built into every transistor.

• Operation to 175°C .
• Low Ico at Rated Vc max. /
• High Current Gain /
• Three package sizes available

This hysteresis synchronous mo
r, size 10 with a maximum length 

1-3/16 in., will operate directly

1 yP€ P-6463 filament transformer 
as been designed especially for 
Ise with the Eimac 4CX1000A 
[■ansinitting tube. The unit pro- 
fides center-tapped secondaries of 
|> 6.5 or 7 v, at 13 amp. Primary is 
[17 v, 60 cps. The P-6463 is de
igned to withstand 2000 v rms.
Chicago Standard Transformer 

- np., Dept. ED, 3501 Addison St., 
-1 icago 18, Ill.

trol Div., Dept. ED, 1200 Prospect 
Ave., Westbury, N.Y.
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DMtt R«(vlltor»

laximum length of 2-3/8 
),500:1.
Servomechanisms, Inc..

ST904 18
ST905 36
2N337» 20
2N338* 45
♦FAST SWITCHING

Maximum
Fownr Maximum 

Dissipation Collector 
nt 100°C Voltage 

case VcMax 
Type (watts) (volts)



NEW PRODUCTS
Recorder Calibrator

Checks airborne tape recorders

CIRCLE 42 ON READER-SERVICE CARD

Pressure Transducer
Has high sensitivity

Performance characteristics

CIRCLE 43 ON READER-SERVICE CARD
lions without notice.

< CIRCLE 41 ON READER-SERVICE CARD♦Isht lo Guide 4M EO for 11.1. or C.S.A approved iitlifs. 
1 Patent Applied For.

15, TYPE Rw sealed adjustable (15), sealed nan. 
adjustable. Positive acting for operation tc 
600°F. Rated at 15 amps at 115 VAC, 4 amps 
at 230 VAC. Screw terminals. Bulletin 7000.

11, TYPE B adjustable (11) or nan-adjustable. 
For uses where heat generated by passage 
of current through bimetal strip is desirable. 
Various terminals, single stud or nozzle mount« 
ing. Operation to 400’F. Nominal rating: SVi 
amps at 115 VAC of 40 cycles and higher. 
Bulletin 9000.

12, 13, 14, TYPE A* semi-enclosed (12, 13), 
hermetically sealed (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snap action control for appliance, 
electronic end apparatus applications from 
-20* to 300°F, or higher on special order. 
Rating: 3 to 4 amps, depending on duty cycle, 
at 115 VAC, 2 amps at 230 VAC and 28 VDC. 
Various enclosures and mountings, including 
brackets. Bulletin 3000.

A recorder calibrator, designed 
for checkout and calibration of 
airborne analog tape recorders has 
been developed. Voltage can be 
supplied to all recorder circuits 
from a single 28-v de source. Volt
ages to supply bias current and 
motor drive are available. A signal 
current is supplied in various steps 
as desired to within 0.1 per cent 
through a Ledex type of switch. 
Any normal bridge ty pe of end in
strument may be calibrated.

Aerophysics Development Corp., 
Div. Curtiss-Wright Corp., Dept. 
ED, P.O. Box 689, Santa Barbara, 
Calif.

pressure transducer model 2200" 
are: resolution 0.0002 or less, hys
teresis better than ±0.3 per cent I 
repeatability better than 0.3 per I 
cent, high temperature operation! 
low vibration, and steady state ac 
celeration error.

Technology Instrument Corp, of 
California, Dept. ED, 7229 Atoll I 
Ave., North Hollywood, Calif.

naxi 
¡ion

16, TYPE W* adjustable (16), or non-adjustable 
Snap action bimetal strip type for operation 
to 30G’F. Rated at 5 amps at 115 VAC, 3 
amps at 230 VAC Screw or nozzle mountings; 
spade, solder or screw terminals. Bulletin 4000.

17, TYPE H t adjustable. Positive acting for fry 
pans, skillets, sauce pans, etc. Fail-safe, open 
in low to 500 F in high. Rated at 1650 watts 
at 115 VAC. Bulletin 10,000.

ip i.L 
1110 
fix
>3 M

STEVENS manufacturing company, ine.

P. O. Box 1007, Mansfield, Ohio

1, 2, TYPE C semi-enrlo ted (1), hermetically 
sealed (2). Small, positive acting with electrically 
independent bimetal strip for operation from 
-10u to 300°F. Rated at approximately 3 
amps, depending on application. Hermetically 
sealed type can be furnished as double ther« 
mostat "alarm" type. Various terminals and 
mountings. Bulletin 5000.

3, 4, TYPE M semi - enclosed (3), hermetically 
sealed (4). Electrically independent bimetal disc 
types for appliance and electronic applica
tions from >20” to 300JF, Rating: 8 amps at 
11 5 VAC, 4 amps at 230 VAC and 28 VDC. 
Semi-enclosed with virtually any type terminal; 
hermetically sealed with pin or solder term!« 
nals, wire leads, various mounting brackets. 
Bulletin 6000.

5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec
tronic and similar uses. 2" to 6“ differentials 
available. Rated at 3 amps to 1 amp, depend« 
ing on duty cycle, at 115 VAC and 28 VDC 
for 250,000 cycles. Semi-enclosed types with 
metal or ceramic bases; hermetically sealed 
in circular or CR7 cans. Various terminals, 
mountings, brackets, etc. Bulletin 6100.

7, 8, TYPE S* ad/usfable (7), nan-adjustable (8). 
Positive acting with single stud or nozzle mount« 
ing. Operation to 600 F. Rated at 15 amps 
at 115 VAC, 7 amps at 230 VAC. Spade, screw 
or elevated terminals, various adjusting stems, 
etc. Bulletin 1000.

9, TYPE SA* adjustable (9) or nan-adjustable. 
Snap acting with electrically independent bi« 
metal. Also single-pole, double-throw. Single 
stud or nozzle mounting. Non-inductive-load 
rating: 15 amps at 115 VAC, 10 amps at 230 
VAC. Spade or screw terminals. Bulletin 2000.

10, TYPE SM* manual reset (10). Electrically 
same as Type SA (above) except for manual 
reset feature. Bulletin 2000.

18, TYPE D* automatic (18), or manual reset. 
For laundry dryers or other surface and warm 
air applications. Snap acting disc type U.L. 
approved for operation to 350’F. Open or 
enclosed styles. Rated at 25 and 40 amps at 
120-240 VAC. Screw or spade terminals. Bul
letin 8000.

Illustrations, for general information only, 
do not necessarily show size comparisons. Fully 
dimensioned and certified prints on request. 
Manufacturer reserves right to alter specifica-
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Energizer
Has sandwich construction
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FRUMENT COMPANYTRIPLETT ELECTRICAL INS1
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new...
most easy to read

BLUFFTON, OHIO

• Clear, unbreakable, shadowless front for instant wide vision. | 

• 5 to 500,000 cps on A.C.
• Continuous resistance reading from 0.1 ohms to 100 

megohms.
• Polarity reversing switch.
• Only one (king-sized) switch selects both circuit and range 

—minimizes wrong settings, burnouts.
Only Triplett affords you such a wide choice of VOMs. What
ever your application—broad or limited—there is a Triplett 
VOM particularly suited for it

Radar Transmitters
Available in several operating 

frequencies

gned 
i of 
> has 
i be 
cuits 
Volt

ane! 
ignal 
steps 
cent 

zitch. 
d in-

Operating frequency of the 
i-band radar transmitter model is 
1500-9600 me (tunable). In other 
nodels frequency ranges are: 3030- 
1110 me (fixed); 5360-5400 me 
fixed); 16,400-16,600 me (fixed); 
’3,800-24,270 me (fixed). Repetition 
ate can vary over the range 300 to 
0,000 pps and pulse length over 
he range 0.25 to 2.5 psec, within 
naximum duty cycle ratio (repeti- 
ion rate times pulse length) of 
1.001.

Resdel Engineering Corp., Dept. 
lD, 330 S. Fair Oaks Ave., Pasa-

A cut-away model of the cathodic 
nvelope energizer construction
hows the various layers of the 
andwich making up this long-life 
iigh-energy battery7 designed spe- 
ifieally for transistorized equip
ment. Type of construction allows 
ride range of shapes and sizes.

\ational Carbon Co., Div. Union 
unhide Corp., Dept. ED, 30 East 
2nd St., New York 17, N.Y.
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extremely pure, 'Baker Analyzed* REAGENT NEW PRODUCTS

in your choice of

irow

Decade Inductors

functional

than competitive 1-lb. containers and with an

Caut
-acid

Chargeable Dry Cell 
Can be stored indefinitely

FOR PRICES AND ADDITIONAL INFORMATION, WRITE OR PHONE

added safety factor: There’s no diaphragm to 
puncture—no danger of “acid-spurt.”
PURITY: Baker manufactures in conformance 
with extremely high standards of purity. Speci
fications assure that copper and nickel each will 
not exceed % part per million.
ACTUAL LOT ANALYSIS: Each container is labeled 
with the actual lot analysis defining copper, 
nickel and eight other significant impurities.
ACTUAL LOT ASSAY: You’ll appreciate this 
“J. T. Baker extra ’ especially important for 
your use.
FULL AVAILABILITY AND FAST SERVICE-from 
expanded production facilities.

POLYETHYLENE

BOTTLES

HYDROFLUORIC ACID is a key processing 
chemical.
To meet the sharply rising demand for Hydro
fluoric Acid manufactured to J. T. Baker’s 
exceptional standards of quality, Baker has once 
more expanded production facilities. In addi
tion to dependable, on-time deliveries. Baker 
offers you:
YOUR CHOICE OF CONTAINER SIZES: 64 gallon 
polyethylene carboys, 10-lb. and 1-lb. polyethy
lene bottles.
SAFE,CONVENIENT,LABOR-SAVING PACKAGING: 
Carboys and 10-lb. bottles expedite convenient 
handling of large quantities of acid. The Baker 
1-lb. bottle makes possible more rapid pouring

j.TBaKer J. T. Baker Chemical Co
Phillipsburg. New Jersey

Manufactured in the unchargl 
state, this dry* cell can be stored 
definitely at any temperature liked 
to be encountered, and charge! 
when ready to use. Nominal outpj 
is 0.9 v, and average capacity 
1500 ma-hr. Using an alkaline leal 
oxide-silver system, the cell 
available in experimental prod, 
tion quantities.

P. R. Mallory & Company, Ini 
Dept. ED, 28 S. Gray St., h 
dianapolis 6, Ind.
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Designed for use in analog coil 
puters, network design, and go I 
eral laboratory applications, the I 
decade inductors have maximui I 
values of Q in excess of 300 .1 
micrometer adjustment for precil 
settings. Models LP 121, LP 1311 
and LP 141 are available in threj 
decades (0.01 to 0.1 h; 0.1 to 1.01 
and 1 h to 10 h) which may be coie 
bined to permit switching in ai 
value of inductance from 0.01 
11.1 h in 0.01 h steps. Low lev 
inductance is within 0.1 per cent I 
nominal value at 100 cps.

Computer Engineering Assoc 
ates, Inc., Dept. ED, 350 N. Hal 
stead Ave., Pasadena, Calif.
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6'A GALLON CARBOYS

labor-saving packaging 
for your

SAFETY ■ CONVENIENCE • ECONOMY

N-TAINERÍSLZE S
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Relay Sockets
:or use with 6, 4 and 2 pole double throw relays

This Hi-Reli series of relay sockets features
e Did plated over silver plate, free floating screw 

lachine contacts in a molded body of MIL-M-hargd 
outpt 

icity i 
ne lea 
cell i 
3rodui

IE type insulation. Contacts are available with 
)lder cup, turret or eyelet terminations. Units 
re for use with 6 pole, 4 pole and 2 pole double 
irow relays.
Armel Electronics, Inc., Dept. ED, 840 5th 
ve., Brooklyn 32, N.Y.
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Cooling System
Employs water boil-off 

method

This system, known as model RS-50, type 100,
ximuí I fas designed to protect electronic equipment by
O0 an 
preci: 
T 131 
i threíl 
o l.Oi 
>e comi 
in ar

maintaining a safe temperature within the close 
I onlines of a pressurized pod. Cooling is accom- 

lished by circulating refrigerated air over the 
Iot electronic components and transferring this 

eat to a vapor-cycle refrigeration system. This 
eat, plus that generated by the refrigeration 
on ipressor motor and other motors in the sys- 

101 t| sm> is disposed through the condenser where 
v level fa l er carried for this purpose is boiled and ex-
cent 1

Assocj 
j. nJ

:ard 
VRC

ai sted overboard. Its capacity is 2500 w, with 
‘O'ver requirements of 200 v, 400 cycle, three- 
hase and 28 v de.

Eastern Industries, Inc., Dept. ED, 100 Skiff
t. Hamden, Conn.
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CLOSES SWITCH WITH ONE PUSH PUSH OPENS SWITCH

Here’s real operating convenience and 
added sales appeal for TV and radio re
ceivers, phonographs and instruments!

TURN
SHAFT FOR VARIABLE RESISTANCE CONTROL

NEW PUSH-PUSH 
SWITCH CONTROLS

. . . take the waiting 
out of warm-up time!

NEW DATA SHEET

NEW STACKPOLE TYPE “E” SWITCH used on these con
trols has a positive, SP-ST snap-action. It carries a UL rating 
of 3 amps, at 125 volts ac-dc or 1 amp. at 240 volts ac-dc.

BASIC SWITCH/CONTROL COMBINATIONS using the 
popular Stackpole L-type control are available as follows. 
Printed wiring and wire-wrap terminals obtainable on each:
Type LE: single-section, single-shaft. Push shaft for switch, turn same 
shaft for control.
Type L3E: single-section, dual-shaft. Push inner shaft for switch, turn 
outer shaft for control.

Containing complete specifications and 
dimensions sent on request.

Type LXE: dual-section, dual-shaft. Push inner shaft for switch, turn 
inner shaft for rear control, turn outer shaft for front control.

COMPOSITION

Electronic Component* Division
STACKPOLE CARBON COMPANY, St. Marys, Pa.

Coldite_70±® fixed composition resistors Snap and Slide Switches Ceramag® ferromagnetic cores
Iron cores Ceremagnet® ceramic magnets Fixed composition capacitors Brushes for all rotating electrical equipment

Electrical contacts Hundreds of related carbon, graphite and metal powder products.

CIRCLE 52 ON READER-SERVICE CARD

Three new Stackpole controls combine 
pushbutton switching with rotary con
trol of volume, tone, contrast or similar 
functions. “Waiting for the warm-up” 
before making final adjustments is a 
thing of the past. Just one push and the 
circuit is “on” and adjusted to the last 
selected setting of the variable resistor.

I¡-ECTRONIC DESIGN • July 9, 1958



NEW PRODUCTS

DOW CORNING 200 FLUIDS
ASSURE ADDED RELIABILITY AT EXTREME TEMPERATURES

1700 to 2400 me range

As a liquid dielectric and coolant for electronic components 
and assemblies, Dow Corning 200 Fluid aids miniaturization 
and makes higher temperature operation possible. For 
example, paper capacitors impregnated with 200 Fluid have 
almost constant capacitance over an extremely wide temper* 
ature range ... help assure reliable equipment performance. 
Heat stable electrical grade Dow Corning 200 Fluids show 
little change in electrical and physical properties over a wide 
range of frequencies and environmental conditions. Avail
able in 20, 50, 100, 500 and 1000 centistokes viscosity grades, 
they are finding growing use as a means of increasing the 
reliability of capacitors, transformers, filter networks and 
other electronic devices.

ELECTRONIC DESIGN • July 9, 1958

These miniature capacitors made by Gudeman 
Company for filter, by-pass and blocking serv
ice, are impregnated with silicone fluids tn 
decrease electrical losses and increase permis
sible operating temperatures. Designed to meet 
all specifications of characteristic "K" MIL- 
C-25A, they have an operating temperature 
range of —55 to 125 C.

The 4KM50, 000SG external-cavity power am
plifier klystron covers the 1700 to 2400 me range. 
It is rated at 10 kw cw power output with less 
than 1 w drive. T he unit incorporates a modulat-

Calorimeter Bridge
Measures 10 kw full scale

High Voltage Supply 
0 to 90 kv regulated

For use with any water load, this calorimeter 
bridge measures 10 kw full scale. Water flow is 
4 gallons per minute. Accuracy of the ac watt
meter is 1 per cent. The instrument contains an ac 
standard load, a balancing thermopile, a galva
nometer, a Variac and an ac wattmeter.

Electro Impulse Labs., Dept. ED, 208 River 
St., Red Bank, N.J.

CIRCLE 53 ON READER-SERVICE CARD

Model LAB-90 de power supply provides 
voltages continuously variable from 0 to 90 kv. 
Output current is 1 ma at 80 kv; and 2 ma from 
40 kv dow n. Voltage regulations are better than 
1 per cent throughout the range.

Spellman Television Co., Dept. ED, 3029 Web
ster Ave., New York 67, N.Y.
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TYPICAL DIELECTRIC PROPERTIES 
OF 200 FLUID, 100 CSTK

Property —55C
Temperature 

23 C 200 C
Dielectric Constant, 

1.0 kcs _______ 3 1 2 7 2.3
0 1 mcs. ________ 3.1 2.7 2 3

Dissipation Factor, 
1.0 kcs.______ 0.0005 0.00004 0.001
0 1 mcs ________ 0.0002 0 00001 0 0003

Resistivity, ohm-cm_ 10x10“ 2.0x10“ 1 0xl0,s
Electric Strength, 

de, 20 mil gap 
v/mil______ _ 700 650 550



hl Jow Corning Silicone Dielectrics

Electronic "Package" on B-58 by Emerson Electric.
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SILASTIC PROTECTS 
ELECTRONIC “PACKAGES”

Silastic® the Dow Corning silicone rubber, 
remains resilient from —70 to 250 C, has 
excellent dielectric strength and offers super
ior resistance to moisture, ozone, corona and 
corrosive atmospheres. Available in many 
forms, including molded parts, extrusions, 
tapes, sheets and pastes, Silastic is ideal for 
insulating, sealing and cushioning delicate 
electrical and electronic equipment.

Silicone-glass laminates are 
easily molded into one-piece core 
and flange structures. Strong 
even at flange joints, they ane 
lightweight and moisture-resist- 
ant, retain excellent physical and 
dielectric properties at 250 C. 
Finished shapes are available 
from leading laminators.

Ai Research miniature motors for 6-52 A Bomber.

Dept. 167

SILICONE VARNISH MAKES MOTORS 
TOUGHER, MORE DEPENDABLE

Dipped or impregnated with Dow Corning 
997 Varnish, the insulating components of 
motors, servos, generators, transformers and 
other assemblies are bonded into an inte* 
grated moisture resistant insulation system 
with high dielectric strength. This silicone 
varnish combined with other silicone com
ponents permits operating temperatures up 
to 250 C . .. protects against moisture, many 
chemicals and corrosive atmospheres.

no»
HlGAf further information on these products,write 
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ing anode which allows simple, continuously 
variable control of power applied to the tube.

Eitel-McCullough, Inc., Dept. ED, San Bruno, 
Calif.
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Temperature Probe
—200 to -|- 250 Range

ì L S ir ir r S' 
komo cuM’ttiiri

Model 134 temperature probe has a tempera
ture range from —200 C or lower to -1-250 C or 
higher. The probe provides 100 ohm variation 
in the range from —270 to —300 F, which cor
responds to pure platinum wire having a resist
ance of 1380 ohms at 0 C. The high impedance 
level together with a capability for large power 
dissipation permits large voltage variations to be 
developed for telemetering purposes. Calibration 
stability is such that after 50 cycles from boiling 
water to LN2t Ro resistance drift is less than 0.1 
ohm.

Rosemont Engineering Co., Dept. ED, 9424 
Lyndale Ave., S., Minneapolis 20, Minn.
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Phase-Lock Demodulator
Boosts telemetry receiver sensitivity

Model 8-100 receiver phase-lock demodulator 
offers a gain in telemetry receiver sensitivity by 
lowering the improvement threshold by at least 
6 db. This is a minimum figure realized when all 
rdb subcarriers are received. When fewer chan
nels are used, the threshold is lowered even 
more. The demodulator is specifically designed 
for use with standard 1400 series receivers but 
may be modified for use with other models. It is 
installed by a simple plug-in connection and no 
modification to the receiver is required.

Radiation, Inc., Dept. ED, P.O. Box 37, Mel
bourne, Fla.
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For Recommendations on Unusual Applications, send us a sketch and short description

SWITCHES CHOPPERS
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ROTARY 
SOLENOIDS

GENERAL PURPOSE: Up 
lo 12 positions; 30°, 45, 

60 throw.

SIMPLER CIRCUITS: 3 to 
12 buttons; very adapt
able unit.

SIMPLE SWITCHING: Up 
to 4 positions; numerous 
variations.

Î8-POSITION: Single or 
double -eyelet fastening 
of clips.

FOR PRINTED CIRCUITS: 
Special lug designs for 

direct insertions.

SOLENOID SWITCH: Oak 
wafers with G. H. Leland 
type of Rotary Solenoid.

CONCENTRIC SHAFTS: 
Dual and triple shafts 
with many wafer types.

ELECTRONIC DESIGN • July 9, 195Í

Wide-Band 
Sweep 

Generators

LOW COST: 2 to 5 posi
tions; fits in limited space.

Series 50, 53

Two rugged, portable, wide-band sweep gee 
erators to test and align radio frequency circuits 
in the range from 4 me to 225 me are available 
Models 601 and 602 have an all-electronic sweep 
circuit, of the saturable reactor type, with : 
continuously variable sweep range from a mini
mum of a nominal 1 per cent of center frequency 
to a maximum frequency deviation of approxi 
mately 5 to 1. Age circuitry holds fundamental 
frequency output constant throughout the oper 
ating range.

KV <t 
«tor

2-POSITION: Shorting 
type with floating slider. 

Series 70

24-POSITION: 15* throw 

handles complex circuits. 

Series MF

COMPLICATED SWITCH
ING: 2 to 4 positions; up 
to 20 poles; very thin.

Series 150

ADAPTABLE: 8, 10, 12, 
and 14 positions; many 
variations; economical.

Series J, K, N

SINGLE BUTTON—1 to 4 
poles; spring return and 
push-push.

Series 170, 175

LEVER OPERATED: 2 to 5 
positions; numerous ver
sions using std. wafers.

Series 185

Amplifier
Voltage gain of 1000

LOW COST: Up to 12 
positions; staked or strut 
screw construction.

Series QH

lignei 
force: 
¡ainec 
bne f

SIMPLE SWITCHING: Up 
to 5 positions combined 
with AC switch.

Series 52, 54

MINIATURE: 8,10, and 12 
positions; up to 18 con
tacts per wafer.

Series A

SMALL: Up to 12 positions 
in phenolic, Mycalex, or 
steatite insulation.

Series F
!orde 
ir nc

VIBRATORS SPECIAL 
ASSEMBLIES

The 601 has a frequency range of 12 me to 
225 me divided into 11 switchable bands. Out

1260 Clybourn Ave., Dept. D, Chicago 10, Illinois 

Phone: MOhawk 4-2222

COMPLICATED CIRCUITS: 
1 to 18 buttons, up to 32 
contacts each.

Series 130

COMPACT—2 to 4 posi 
tions; max. switching in 
min. space.

Series 160

put voltage is 1 v rms with a variation at maxi 
mum sweep widths of ±0.5 db. The 602 has j 
frequency range of 4 to 112 me, also divid* 
into 11 overlapping bands. A voltage output o!
2.5 v rms is maintained across any band to with® 
±0.5 db.

Jerrold Electronics Corp., Dept. ED, 23rd anq 
Chestnut Sts., Philadelphia 3, Pa.

CIRCLE 60 ON READER-SERVICE CARD

ULTRATHIN: 1 to 12 but
tons; up to 14 contacts 
per button.

Series 131

Model M-10 transistorized amplifier has tH 
following characteristics: input impedanct 
greater than 150 K; voltage gain of 1000; powei 
gain of 85 db and maximum output of 150 n» 
rms into 350 ohm.

M F Electronics Co., Dept. ED, 122 E. 25t 
St., New York 10, N.Y.
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ROTARY

APPLICATION

ROTARY SLIDESLIDE

PUSHBUTTON

THESE 22 SERIES 
OF STANDARD SWITCHES

CUSTOM-MADE 
TO YOUR EXACT 

SPECIFICATIONS 

FROM 

STANDING TOOLS

WILL HANDLE ALMOST

ANY LOW-CURRENT

EACH SWITCH 
IS PRETOOLED 

IN NUMEROUS 
VARIATIONS.

DETAILS
ON ANY SERIES 
ARE AVAILABLE 

ON REQUEST
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Pulse Event Recorder
Recoverable type

This recoverable pulse event re
corder monitors accurately whether 
jr not an event occurs in missile, 
¡led and other applications. De-
¡igned to withstand high impact 
orces, the recorder has a self-con- 
ained electrical system. Weight is 
me pound.

Aerophysics Development Corp., 
Div. Curtiss-Wright Corp., Dept. 
ED, P.O. Box 689, Santa Barbara, 
Jalif.
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Logic Units
Thirty types available

5

25

| Thirty types of plug-in printed
■circuits in modular form are cur-) genl 

ircuiwen^y offered as stock items. The 
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ivailable include: multi-vibrators, 
high speed binary and deci
mal electronic counters, stepping 
switches, operational amplifiers, 
Storage devices, for both short and 
long 'urm applications; pulse-shap

4^*
ing oil uits, timing and delay 
puits, diode logic, “and,” “or,”

cir
and

switching circuits, voltage regu
lators, pulse generators, clocks and 
gated oscillators, and analog to 
digital conversion systems and vice 
kersa.

Skiatron Electronics & Tele-
mon Corp., Dept. ED, 180 Varick 
pt. New York 14, N.Y.
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ALUMINA CERAMICS 
may be the answer!

For exacting applications, your chances 
are better with AISiMag because more special
characteristic Aluminas are available here than 
from any other source. You benefit from extra 
"know-how” . . . years of experience in pro
ducing simple and complicated Alumina parts 
in a broad range of shapes and sizes . . . plus 
equipment for rapid delivery in any quantity. 
Precision tolerances. Prototypes before tool
ing, if you like.

Advantages like these give you greater free
dom: Tensile strengths up to 25,000 Ibs./sq. in. 
Compressive strengths up to 420,000 Ibs./sq. 
in. Flexural strengths up to 62,000 Ibs./sq. in. 
Superior electrical characteristics. Safe opera
tion at continuous temperatures up to 2952‘ F. 
Loss factors as low as .0074 at 10,000 MC.

Not all applications need such advanced 
properties. A standard AISiMag material—from 
the industry's widest selection—may meet your 
specifications. Let us help match your require
ments to the AISiMag material that will do the 
job at lowest cost. Premium AISiMag Aluminas 
will be suggested only where superior perform
ance is needed. Send blueprint or sketch with 
details of operating conditions.

A Subsidiary of 
Minnesota Mining and 

Manufacturing Company

Far service, contact American Lava representatives in Offices of Minnesota Mining A Manufacturing Co.

CHATTANOOGA S, TENN.
57TH YEAR OF CERAMIC LEADERSHIP

In these cities (see your local telephone
directory): Atlanta, Ga. • Boston: Newton Center, Mass. • Buffalo, N. Y. • Chicago« Bedford Park, III. • Cincinnati, O. • Cleveland, O. • Dallas, Texas • 
Detroit, Mich. • High Point, N. C. * Los Angeles, Cal. • New York: Ridgefield, N. J. • Philadelphia, Pa. • St. Louis, Mo. • St. Poul, Minn. • So. San Francisco, 
Cal. * Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ontario. All ether export: Minnesota Mining 

& Manufacturing Co., International Division, 99 Park Ave., New York, N. Y.195Í CIRCLE 63 ON READER-SERVICE CARD >
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Photomicrograph of the transistor showing 

the fixed-bed construction. Critical ele

ments are like a solid block in their re

sistance to impact, with no suspended parts 

to be shaken loose.

YOUR G-E SEMICONDUCTOR SALES REPRESENTATIVE will be glad to 
give you further information and specifications on General Electric tran
sistors and rectifiers. Spec sheets, bulletins, and other data can also be ob
tained by writing Section S 2388 Semiconductor Products Dept., General 
Electric Company, Electronics Park, Syracuse, N. Y.

Cathode Ray Indicator Tube 
7-1/2 in. long

Operating conditions o£ cathode ray indicator 
tube model VTP-P1XP-11 are heater voltage of 
6.3 v, heater current of 0.400 to 0.500 a, anode 
#1 from 400 to 500 v dc, anode #2 of 2000 v dc, 
anode #3 of 4000 v dc and grid #1 of —35 to 
—70 v. The undeflected spot position is within 
1/8 in. radius circle with deflection factors: 
Di D2 of 255 to 325 v per in. and D3 D4 of 143 
to 175 v per in. Ratio of anode #3 voltage to 
anode #2 voltage is a maximum of 3 with opti
mum conditions obtained when the ratio is less 
than 1.5.

Vacuum Tube Products Co., Inc., Dept. ED, 
2020 Short St., Oceanside, Calif.
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Microsyn
3/4 in. in size

ELECTRONIC DESIGN • July 9, 1958

The unit shown is the T 813 microsyn, 3/4 in. 
in size, used with frequency from 400 to 1600 
cps. The signal generator T 813 S 1 has a sensi
tivity of 0.3 mv/milliradian/ma excitation of 400 
cps. The range is ± 10 deg and the resolution is 
15 sec of arc. Maximum torque of 3000 dyne-cm 
rated continuous torque 50 dyne-cm is a feature 
of the T 813 T 1 torquer. The unit has a transfer 
function 0.005 dyne-cm/ma2.

Sterling Precision Corp., Instrument Div., 
Dept. ED. 17 Matinecock Ave., Port Washington, 
N.Y.

The unijunction features open-circuit-stable negative resistance character
istics. In switching and oscillator applications, one unijunction not only 
does the work of two transistors with less circuitry, but the circuit is also 
more stable over a wide temperature range.

To help you in your use of the unijunction, a new series of curves has 
been developed as shown. It points up emitter characteristics at different 
base-to-hase voltages. The unijunction is also the first G-E transistor to he 
converted to the new impact-resistant Fixed-Bed Mounting process as 
described above.

Please send for complete data on the six unijunction types — sample 
circuits, theory and specifications.

SPECIFICATIONS 
OF THE SIX SILICON 
UNIJUNCTION TYPES 
Absolute maximum 

ratings (25°C) 
RMS power dissipation 

350 mw 
RMS emitter current 

50 ma 
Peak emitter current 

2 amps 
Emitter reverse

voltage 60 volts 
Operating temperature

range —65 C to 
150°G

Storage temperature 
range —65 Cto 

200°C.



Converter
Operates over 100 c

tremendous impact and vibration

"GOLF CLUB TEST" General Electric transistors with Fixed-Bed Mounting 
have been struck full force with a No. 2 Iron. After traveling forty yards, tests 
showed they still worked perfectly.

"JACKHAMMER TEST" Another G-E transistor with Fixed-Bed Mounting was 
taped to a pneumatic drill, which was then operated for ten minutes. When 
the transistor was removed, tests showed it still worked perfectly.

This transistorized high temperature dc to dc 
converter features: input from 12 to 30 v; output 
from 6 to 300 v; regulation line and load ± 1 per 
cent; and temperature line and load ±5 per cent.

Jordan Electronics, Dept. ED, 3025 W. Mis
sion Rd., Alhambra, Calif.
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Ceramic disk guards against major causes of transistor failure

In General Electric’s new Fixed-Bed Mounting, critical ele
ments of the transistor are welded flat on a disk of ceramic. 
Thus any impact must be great enough to damage the disk 
itself before transistor failure can occur. In conventional 
methods of manufacture, impact need only penetrate the 
transistor’s metal case in order to damage the standard 
upright header.

Because of their many suspended parts, standard upright 
headers are also subject to inertial stress at a number of 
points. General Electric’s Fixed-Bed Mounting eliminated 
all but one of those parts—the suspended aluminum emitter 
lead. And this is provided with enough slack to absorb 
inertial stress, with connection points so securely welded 
that the unit withstands far more than the military cen
trifuge test of 20,000 G’s.

To eliminate thermal stress, the coefficient of expansion 
of G.E.’s ceramic disk has been made equal to that of the 
semiconductor metal. Previously, enough “play" had to be 
allowed to absorb alternate expansions and contractions, 
thereby reducing the strength and stability of the unit.

The Fixed-Bed Mounting's electrical elements lie flat, in 
close contact to the transistor case, providing greater heat 
conduction out through the case. Therefore, the fixed-bed 
construction cuts down junction temperature, making it 
possible to double the power dissipation of the same tran
sistor made with upright-header construction.

Fixed-Bed Mounted units have exceeded all standard 
shock, centrifuge and temperature-cycling tests. General 
Electric’s unijunction transistor (see below) now has this _ 
feature.

Power Supply
0.03 ohm internal 

impedance

Model 104 transistorized has a low internal im
pedance of less than 0.03 ohms, dc to 10 kc. Over
load protection is provided for the current meter, 
with automatic reset. Coarse and fine voltage 
controls facilitate precision settings.

Quan-Tech Lab., Dept. ED, Morristown, N.J.
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New G-E Controlled Rectifier rectifies and 
controls current up to 5 amperes at 300 v.

ANODE CATHODE

GATE

¿GATE

The controlled rectifier is a four-layer silicon 
evice with a "gate" to which a signal can be 

applied to control forward current. It can handle 
more than one kw of power.

need a few semiconductors in a hurry?
Check your local G-E distributor first. You'll find his
delivery, service facilities and prices are hard to beat.

General Electric’s new silicon controlled rectifier acts like a thyratron. In the reverse 
direction, it’s a standard rectifier. But it will also block forward current until either a 
critical breakover voltage is exceeded or a signal is applied to the third lead. Then it 
switches to a conducting state and acts as a forward-biased silicon rectifier.

The controlled rectifier can be actuated by a little as 15 mw. Breakdown occurs at 
speeds approaching a microsecond, after which voltage across the device is so low 
that current is determined by the load. This enables the user to control a large anode- 
to-cathode current with an extremely small amount of power, or to switch power from 
high impedance to low impedance in microseconds.

Applications include replacement of relays, thyratrons, magnetic amplifiers, power 
transistors and conventional rectifiers. Sample quantities of the controlled rectifier 
are now available. Prices will be sent on request.

ELECTRONIC DESIGN • July 9Z 1958

Illumination 
Control

Light level actuates 
relay

A new version of an illumination control in
strument which monitors light levels and signals 
a relay to switch lights on or off automatically 
has been announced. Model 1099 Luminaire fea
tures operation without regard to temperature, 
or weather conditions.

Weston Instruments, Division of Daystrom 
Inc., Dept. ED, Newark 12, N.J.
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SPECIFICATIONS

Honeywell
BMfYWtU
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Rotary Joints
High speed, broadband

CONVERTERS—Handle d-c signals as small as IO*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:

Spectrum Analyzers 
2400 to 9600 me

ELECTRONIC DESIGN • July 9, 1958

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.

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

line 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.

Series 860 spectrum analyzers have a 'I 
range of performance that makes them val I 
for precise spectrum measurements, such as el 
nation of high vswr, leakage, and loss; and anl 
sis of radar, radio relay, and other signals, fl 
turing simplicity of operation and lower 
they offer a choice of frequency ranges from J 
to 9600 me and have an accuracy of ±O.OM 
cent, or ±1 me. The instruments are based 
the improved power supply and indicator ’ 
type 860-1.

Polytechnic Research & Development (I 
pany, Inc., Dept. ED, 202 Tillary St., Brooi 
1, N.Y.
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These waveguide rotary joints are of the! 
line type and feature broadband operate 
high speeds. The joints employ novel transdu« 
from rectangular to loaded circular wavegu 
producing a pure circularly symmetric TM n» 
Because of the purity of the mode, no dissipai 
mode suppressors arc required so that inserii 
loss is held to a minimum, and there is no p-4 
shift with mechanical rotation. The joints c« 
frequencies from 2.6 to 26.5 kmc. Average po 
handling ranges from 3 kw to 1/2 kw. Vsw 
less than 1.5 to 1. Insertion loss is less than O.li

Diamond Antenna & Microwave Corp., D 
ED, 7 North Avenue, Wakefield, Mass.
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Use high-quality, dependable

BROWN COMPONENTS 
in your measuring circuits and servo loops

Write for Specification S900-2.

Converter 
Type Impedance

D-C 
Resistance

Power 
Consumption

Current 
Drain

60 cycle 125 ohm 110 ohm .3 wath .05 amps

25 and 40 
cycle types 65 ohm 55 ohm .60 watts .10 amps

400 cycle 191 ohm 110 ohm 1.7 watts .094 amps

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 in diameter, 23^" high.

Write for Specification S900-1.

Choose from three model* 355567-1 356326 35567-2

Primary 
(center
tapped)

turns C/i primary) 
Resistance (approx.) 
60 cps impedance 
Impedance, full pri.

600
30 ohms 

1,300 ohms 
5,200 ohms

1,094
450 ohms

7,500 ohm*
30,000 ohms

3,400
750 ohms 

30,000 ohms 
120,000 ohm*

Secondary turns
Resistance (approx.)
Capacity to tune to 

60 cyder

9,600 
2,500 ohm*

.015 mfd.

17,500
5,800 ohms

.001 mfd.

12,000 
3,400 ohm*

.003 mfd.

Weight 5.7 oz. 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.
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ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING. OFFICES IN MAJOR CITIES

GARRETT

ENGINEERS
... cross new 

frontiers in system 
electronics at THE 

GARRETT CORPORATION

Increased activity in the 
design and production of sys

tem electronics has created 
openings for engineers in the 
following areas:

: the 
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ELECTRONIC AND AIR DATA
SYSTEMS Required are men of proj
ect engineering capabilities. Also 
required are development and 
design engineers with specialized 
experience in servo-mechanisms, 
circuit and analog computer design 
utilizing vacuum tubes, transistors, 
and magnetic amplifiers.

SERVO-MECHANISMS
AND ELECTRO MAGNETICS Complete 

working knowledge of electro-magnet
ic theory and familiarity with materi
als and methods employed in the design 
of magnetic amplifiers is required.

FLIGHT INSTRUMENTS AND 
TRANSDUCER DEVELOPMENT

Requires engineers capable of analyz
ing performance during preliminary 
design and able to prepare proposals 
and reports.

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.

HIGH FREQUENCY MOTORS, 
GENERATORS, CONTROLS Requires 
electrical design engineers with 
BSEE or equivalent interested in 
high frequency motors, generators 
and associated controls.

Send resume of education 
and experience today to:

Mr. G. D. Bradley

9851 S. Sepulveda Blvd. 
Los Angeles 45, Calif.

divisions:
AiResearch Manufacturing 

Los Angeles
AiResearch Manufacturing 

Phoenix
AiResearch Industrial 

Rex — Aero Engineering 
supply —Air Cruisers 
AiResearch Aviation 

Service

CIRCLE 551 ON READER-SERVICE CARD
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^¡Research Manufacturing Divisions

Los Angeles 45, California • Phoenix, Arizona

Systems, Packages and Components for: aircraft, missile, electronic, nuclear and industrial applications 
CIRCLE 392 ON READER-SERVICE CARD
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Pulse Modulator
Delivers 21 kw

ELECTRONIC DESIGN • July 9, 1958

Model RD-170 generates both sinusoidal fre
quencies of 100 me and 1000 me and harmonic 
signals covering a major portion of the micro
wave spectrum. Output frequency stability is 
governed by the stability of a 1 me reference 
signal. The unit is intended for use as a precise 
but low cost source for reference, monitoring 
or calibrating purposes. Employing crystal syn
thesizer design techniques, the instrument es
sentially consists of a free running 100 me 
oscillator, which is phase-locked to the I me ref
erence, and multiplier stages which raise the 
frequency to 10(H) me. A pencil tube in a coaxial 
cavity forms the final output state. Power de
livered is 100 mw across 50 ohms.

Manson Laboratories, Inc., Dept. ED, 207 
Greenwich Ave., Stamford, Conn.

CIRCLE 73 ON READER-SERVICE CARD

USN-3D21B pulse modulator is a beam power 
tube capable of delivering 21 kw in 10 psec 
pulses. It features an open-type plate of large 
area for high thermal dissipation, a non-warping 
cathode, and gold-plated special alloy grids with 
heavy side rods and oversize heat radiators. The 
tube is rated to withstand a plate pulse voltage 
of 5 kv.

CBS-Hytron Div. Columbia Broadcasting 
System, Inc., Dept. ED, 100 Endicott St., Dan
vers, Mass.
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Kilomegacycle Generator
Stability Of 1 part In 108

3021



Time Delay Relays

s NO LONGER THE LIMIT

Transistorized series

Under the water ... on the water ... on land ... in the 
air .. . and out into space ... in all these areas Hughes ad
vanced technology is being applied to vital military and 
commercial electronics projects.

In the space satellite field, for example, Hughes is active 
in the preliminary design of guidance and control systems, 
communication and telemetry systems, and sensing devices 
using infrared, optical and radar techniques.

Responsible for guiding and formulating the advanced 
systems concepts that make this new product diversification 
possible is the Systems Analyst. His creative thinking has 
motivated such new Hughes projects as advanced ballisitic 
missile guidance, space vehicle systems, and tactical missile 
systems. Other new programs initiated by Hughes Systems 
Analysts include advanced radar systems for all areas of 
military and civilian applications, including AICBM, missile 

guidance, early warning, air traffic control; and integrated 
electronics systems for undersea warfare.

Currently the Hughes Research and Development Labo
ratories are engaged in the greatest expansion in their his
tory. Professional opportunities have never been more 
promising, especially in the more senior areas such as 
Systems Analysis.

Other Hughes activities are also participating in the ex
pansion. Hughes in Fullerton is developing and producing 
advanced three-dimensional radar systems. Hughes Prod
ucts, the commercial activity of Hughes, is producing an 
electronics system which automates a complete line of 
machine tools.

Today Hughes offers Engineers and Physicists the oppor
tunity of locating with an established firm and working in 
advanced new technical fields.

This line of time delay relays offers high tem
perature operation, high vibration, light weight 
and very short time delays. A transistorized rc 
time constant network is used. Two series are 
currently offered with time delays ranging from 
50 msec to 60 sec. Operating voltage for either 
type will be 18 to 30 v de, although operation on 
ac voltages can be offered. The 31200 series can 
be provided with contact arrangements up to 
4 pdt. Weight is approximately 6 oz, length 2-1/4 
in., and the unit will withstand vibrations up to 
500 cps. The 31300 miniature series can be sup
plied with contact arrangements up to dpdt. This 
unit can withstand vibrations up to 2000 cps at 
10 g. Weight of this style is approximately 3 oz.

A. W. Haydon Co., Dept. ED, Waterbury 20, 
Conn.
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The wide range of activity at the Hughes Fullerton facility extends 
from basic data processing and surveillance radar research through 
final design and packaging.

Ferromagnetic studies conducted by the Hughes Research Labora
tories include fundamental research in the physics and chemistry of 
ferrites, synthesis of ferrite materials and development of ferromag
netic devices.

Response Indicator
Range from 0.5 to 2250 cps

Product or 
Network 

under test

LF 2
(LF-1 may 
also be used)

New commercial and military contracts have created an immediate 
needfor engineers in the following areas:

Creating a new world with ELECTRONICS

Circuit Design 
Reliability
Communications 
Microwaves 
Nuclear Electronics

Aerodynamics 
Vacuum Tubes 
Crystal Filters 
Systems Analysis 
Computer Engineering

Write in confidence to Mr. Phil N. Scheid, 
Hughes General Offices, Bldg. 6-M, Culver City, California.

HUGHES
I___________________________
HUGHES AIRCRAFT COMPANY
Culver City, El Segundo,
Fullerton and Los Angeles, California 
Tucson, Arizona

Model G-5 analyzes frequency response char
acteristics of servo amplifiers, filters, acoustic re
producers, transformers and shaker tables in the 
low frequency range from 0.5 to 2250 cps. It is 
helpful in locating resonant frequencies in me
chanical structures and testing networks and de
vices which tend to produce distortion products, 
where hum and noise are present, and where 
measurements through large dynamic ranges are 
necessary.

Panoramic Radio Products, Inc., Dept. ED, 520 
S. Fulton Ave., Mt. Vernon, N.Y.
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NEW PRODUCTS
Voltage Regulator

400 cps use

Pulse Height Analyzer
Improved 256-channel unit

Type TM7101 voltage regulator is designed 
for 115 v, 400 cps ±5 per cent, single phase duty 
with a rating of 1 kva. The input voltage range is 
95-130 v and the output voltage is adjustable 
from 110 to 120 v. Output voltage accuracy is 
constant to within a 1 v bandwidth for line volt
age variations.

Superior Electric Co., Dept. ED, Bristol, Conn.
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The improved 256-Channel Pulse Height Ana
lyzer, Model 20609, has these advantages: 27 
hours pre-set time during which background may 
be counted and automatically subtracted from 
original run data; logarithmic readout on flat
faced cathode ray tube and strip chart recorder; 
dual-function high voltage supply; and interpo
lation lights to aid in setting zero point and in
strument maintenance. All channels are printed 
out in less than one minute.

Radiation Counter Laboratories, Inc., Dept.
ED, Skokie, Ill.
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From the earliest Assyrian “artillery missile”—with 
the flint-tipped warhead and hawk feathers for a 
guidance system—the fate of nations has been in 
the hands of the missile men.
Today, our strength in military missilery may hold 
the key to survival.
Martin based its long-range planning on that proba
bility in 1946 with the development of one of this 
nation’s first successfully operational guided mis
siles. The result is the total missile concept.
Under this concept, far more is involved in missile 
system contracting than the design and produc
tion of hardware:

; The testing, packaging, delivery, maintenance, 
launching, operation, field training and contractor 
service requirements make up the total story of 
missile performance...in the air, and operated by 
the military personnel.
The heavy demands of our country’s greatly accel
erated missile and space development programs 

I now emphasize the importance of Martin’s total 
11 capabilities as a major resource for the military 
F and astroscientific branches of the government. 

I Among those capabilities are three plant facilities 
I which include the newest and most advanced 
I missile development centers in the world.
I Also part of these Martin capabilities is one of 
I the great U. S. resources in manpower: More than 
I 3.000 specialist engineers, trained and teamed 
I in the total missile concept.

is one of the few systematically organized 
I companies of genuine Missile Men in the country.

“Special” is our middle name! 
We make millions of odd-size 
brass and aluminum nuts for all 
types of equipment. Unique high
speed machinery turns all Fischer 
nuts to exacting specifications. 
Extreme uniformity, competitive 
prices and prompt delivery assure 
you of substantial savings in cost 
and time.
Next time you need “special” 
brass or aluminum nuts, contact 
Fischer for fast action • . • pre
mium quality.

Packaged Amplifier
High flexibility

This flexible packaged amplifier, the Model 
UPA-2, can drive a 12,000 ohm load to 100 v in 
either direction, and will tolerate large values of 
cable capacitance. Typical operations which can 
be performed separately or in combination in
clude: straight amplification and inversions; slav
ing or transducing voltages into currents and 
vice-versa; integrating and differentiating; adding 
and subtracting; and oscillating, bounding, clip
ping, multivibrating, and other nonlinear func
tions. For standard 3-1/2 in. rack mounting, the 
unit can be removed from the rack adaptor and 
used as a bench-top amplifier or plug-in sub
assembly.

George A. Philbrick Researches, Inc., Dept. 
ED, 230 Congress St., Boston, Mass.
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Chopper
Nonmechanical type

This transistorized chopper, Model 50, is a 
solidly encapsulated unit which can be used 
either as a modulator or demodulator. Unlike 
mechanical choppers, the Model 50 can be driven 
from de to hundreds of kilocycles. The switching 
circuitry used operates the transistors in a man
ner which provides stability and freedom from 
drift. The unit withstands shocks of 500 g for 11 
msec, vibrations of 30 g up to 2000 cps, and ac
celeration of 700 g.

Solid State Electronics Co., Dept. ED, 8158 
Orion Ave., Van Nuys, Calif.
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| FISCHER SPECIAL MFG. CO.
| 422 Morgan St., Cincinnati 6, Ohio 
■ Pleat« »and your naw 20-poga 
' CATALOG FS-1000 containing com* 
I plata »pacification« on bra»» and 
| aluminum nut».
। Nama Titla.
■ Company___________________________  
! Straat______________________________

there’s no premium 
for precision
at

SPECIAL MFG. CO.

: City------------------------------ Zona___ Stata
I 8O46-F3
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NEW PRODUCTS
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Handy & Harman Silver Powder and Flake for Electronic Applications

trac

Your HO.

.HANDY t HAKMAN,

The increased acceptance of silver powder and flake in electronic circuitry 
and components has created a demand for a source that can supply these 
materials at a consistently high level of quality.

Handy & Harman manufactures silver powder and flake in all types 
and forms, for use in formulations on printed circuitry and wiring, re
sistors, condensers, thermistors, printed terminal strips on glass, ceramics 
or plastic laminates, etc.

If you are working on conductive or resistive coatings where you 
require excellent electrical conductivity, Handy & Harman will welcome 
the opportunity to assist you in the choice — or discussion of any silver 
product that may interest you. Write for Technical Bulletin A-4 on Silver 
Conductive Coatings and Bulletin A-5 on Silver Powder and Flake.

Our technical service and field application experience are at your dis
posal... we welcome inquiries on products and product problems involving 
any form of silver.

Among the many forms of silver 
and silver alloys manufac
tured by Handy & Harman are:

Fine silver (wire, strip and foil) • 
Silver anodes and grain for plating • 
Silver contact alloys • Silver powders • 
Silver flake, paints and paste • Silver 
brazing alloys • Silver electronic 
solders • Silver sintered metals • 
Solder-flushed silver alloys • Silver 
chloride and oxide • Coin silver (wire 
and strip) • Silver bi-metals

ELECTRONIC DESIGN • July 9, 1958
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Source of Supply and Authority on Silver Alloys

cu 1 
or ti

1 Cenerei Of/itet : 92 füllen ff., N«w York 29, M. V.
DISTRIBUTORS IM PRIMCIPAl Cim$
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The MSA 7861 aircraft blower unit delivers 
175 cfm of ail against an operating pressure of 
16 in. of water and can be used in a temperature 
range from —75 to 160 F. The totally enclosed, 
explosion-proof 1.2 hp aircraft motor furnished 
with the unit operates with a 4-pin-type connec
tor on a 200-v, 400-cps system and at speeds up 
to 11,000 rpm. The MSA 7861 unit weighs 8 lb 
and occupies a space of less than 8 x 8 x 9 in.

Torrington Manufacturing Co., Air Impeller 
Div., Dept. ED, Torrington, Conn.
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Developed initially for accurate conversion of 
slant range to ground range and altitude in dc 
analog computation, model PT315 trigonometric 
potentiometer enables accurate triangle solution 
over a range of angles commonly encountered in 
navigational problems. These 15-turn units em
body the sine or cosine function over a 100-de- 
gree range of function. Conformity is 0.02 per 
cent for sine or cosine less than 0.707, and 0.04 
per cent for sine or cosine greater than 0.707.

Analogue Controls, Inc., Dept. ED, 39 Roselle 
St., Mineola, N.Y.
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Aircraft Blower
Delivers 175 cfm of air

Potentiometer
For dc analog computation



Curve Tracer
Plots transistor characteristics
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Now you can meet most potentiometer function require
ments with one new Insertable Tap* and a basic group of 
DeJUR potentiometers. With this rugged, easily installed 
tap, DeJUR potentiometers accept up to 40 taps in 320 
degrees. In normal applications, taps can be placed as close 
as 6 degrees apart, in 2" diameter potentiometers.
All DeJUR potentiometers are made by exclusive bonding 
and cleaning methods that result in high precision and long 
life. These methods rule out loose turns and changes in wire 
contour and winding resistance. Since no drilling is neces
sary, the new tap can be inserted without sacrificing opti
mum reliability. Write for complete details on the new 
DeJUR Field Insertable Tap and DeJUR potentiometers.

WIDE-RANGE APPLICATION
In order to give you the 
widest range of applica
tion, DeJUR can also sup
ply special configurations 
for unusual design func
tions, where less than 5 
degrees separation be
tween taps is desirable. 
Illustrated to the left are 
two of the new Field In
sertable Taps set zero de
grees apart.

DeJUR
FIELD INSERTABLE

POTENTIOMETER TAP
MEETS ALL 
EXISTING 
SPECIFICATIONS 
AND VIBRATION 
TESTSI

Delay Lines
Feature compactness

A standard series of delay lines features com
pactness and meets MIL-C-15305A, Grade 1, 
Class B requirements. The 1 psec, 1000-ohm line 
has a delay-bandwidth product of over 7.5 per 
cu in. Molded in epoxy resin, units are square 
or tubular for printed circuit use or for stacking 
on common mounting screws. They can be 
stacked in series to give higher delays, or tap-off 
points can be used to give lower delays. Imped
ances range from 500 to 2000 ohms, with delays 
up to 1 psec. Operating temperature range is 

I — 55 to -|-125 C. Rise times are short—0.15 psec 
maximum for the longest delay.

NYT Electronics, Inc., Dept. ED, 2979 N. On
tario St., Burbank, Calif.
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Model 341 power transistor characteristics 
jploth r is a compact, general purpose curve 
itracer, designed for use with both point-contact 
and junction transistors. Its uses include supply
ing design information for transistor circuits, 
observing transistor anomalies, examining transis
tors for changes or deterioration, checking toler
ance of transistors and matching or comparing 
transistors. Design permits circuit simplification 

■similar to that of one-curve tracers, yet yields in- 
foi mation equivalent to that from far more com- 
pi x plotters.

Dunn Engineering Assoc., Inc., Dept. ED, 225 
0 Brian Hwy., Cambridge 41, Mass.
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ELECTRONIC SALES DIVISION 
DeJUR-AMSCO CORPORATION 
45-01 NORTHERN BLVD. 
LONG ISLAND CITY 1, N. Y.

manufacturers of 
precision potentiometers 
for over SO years

You’re 
always

DedUR
ELECTRONIC SALES DIVISION •PAT. PENDINO
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NEW PRODUCTS
Phase Meter and Phase Shifters

MEMOS
Phenolics forInsulative molding compounds

3676
measured by
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Dept

Clutch
Has torque of 140-oz-inThe Glottic Corp.

Official U S. Navy photo
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peu inFeature low insertion loss

; un
2207 Walck Road, North Tonawanda, N. Y
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For a data sheet detailing properties of 
the compound and of molded material, 
check the coupon.

Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead.)

ASTM D495 (Method A or B) can be 
consistently reproduced.

It does not con ode metal contact points.
Because it is a thermosetting material, 

it provides virtual freedom from cold flow 
and creep.

You can get this material from us as an 
orlon-filled granular blue or green mold
ing compound with plasticity values of 10, 
12, or 16 by ASTM D731. It is designed 
to meet the requirements of Mil-M-18794, 
Type SDI-5.

arc resistance.

ELECTRONIC DESIGN • July 9, 1958

Model HCS-500 clutch has 140 oz-in. torque 
rating. Torque may be controlled from zero up 
to the maximum rating of the unit, relatively in
dependent of slip speed characteristics, accord
ing to the clutch control current setting. The 
unit employs a stationary coil, eliminating fre
quently objectionable characteristics of slip rings.

Magtrol, Inc., Dept. ED, 240 Seneca St., Buf
falo 5, N.Y.

forated material, called “Channel-Duct."
Easily installed by means of clips, it 

takes the place of harnesses and sol id-wire 
layouts, at a substantial reduction in cost. 
It also simplifies wire-tracing and replace
ment, and prevents trouble from vibration.

Assembly consists of two side members 
punched with W holes, and a solid snap- 
on cover strip. Strips may be sheared to 
any length.

Made of Hetron® polyester resin, re
inforced with fibrous glass, the duct com
bines high degrees of flame retardance, 
impact strength, heat and moisture sta
bility, and superior arc resistance.

strength, stability on exposure to high hu
midity, and glossy finish.

A Durez medium-impact phenolic satis
fies all these musts; helps R-B-M to offer 
a rugged, trouble-free product at a low 
price.

When you’re designing electrical parts 
or components, remember that you’re 
most likely to find the exact balance of 
properties you need—electrical, mechani
cal, and chemical—in one of the more than 
150 Durez phenolic molding compounds.

Your molder can put Durez versatility 
to work for you. Why not call him in 
early on your next job?

For information on “Channel-Duct,’* 
write the manufacturer,The Glastic Corp., 
4321 Glenridge Road, Cleveland 21, Ohio.

This Is just one example of how prod
uct designers are using Hetron’s unique 
properties. If you have a product (or just 
an idea) calling for a strong, lightweight 
material with inherent fire retardance, you 
may find some help in a complete Hetron 
data file which we’ll be glad to send you. 
Just check the coupon.
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K and the output impedance is 500 ohm.
Dytronics Co., Dept. ED, P.O. Box 

Columbus 14, Ohio.

Type A2 low pass filters have low insertion 
loss, are very compact in size and have rugged 
construction. Six models are available with cut
offs from 125 to 1000 cps. Specifications include 
an insertion loss of 0.2 to 0.5 db ripple in the

Model 340 phase meter and phase shifter as 
shown provides phase measurements and a phase 
source having an accuracy of 0.1 deg. The phase 
angle is continuously adjustable from 0 to 400.0 
deg. Model 440 phase shifter has an accuracy ol 
better than 0.1 deg. The input impedance is 200 ized 
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10 w
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New duct 
cuts wiring cost
You can save up to 30% of the cost of 
wiring control panels with this new per-

Right for a relay
Are you taking full advantage of the ver
satility of today’s phenolics?

Consider the example of this new power 
relay produced by R-B-M Division, Essex 
Wire Corporation—a natural application 
for phenolic.

Designers wanted this relay to be low in 
cost, since it is intended for use in appli
ances. A unique feature, hammer-blow 
action on the contacts, calls for a specific 
degree of met hanical strength in the parts. 
Other requirements include high dielectric

a relay 
control panels

But what If It rains?
From time immemorial, weather has up
set the military plans of men. In Colonial 
days, wet gunpowder could lose a skir
mish. Today, one moisture-affected part 
can nullify months of costly labor on a 
new missile.

This helps to explain the increasing 
pressure on moisture-resistant insulalions 
for electronic parts that must not fail. It 
explains, too. the growing interest in a 
relatively new Durez molding material, 
diallyl phthalate.

This is the only plastic that retains its 
high insulation values over extended pe
riods at relative humidities above 90%.

For more information on Durez materials mentioned above, check here 
□ Diallyl phthalate, 16694
□ Phenolic molding compounds—descriptive bulletin
□ Hetron resins—technical data file
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MICRO SWITCH PRECISION SWITCHESHONEYWELL
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The two-word name micro switch 
is not a generic term. It is the 
name of a division of Honeywell.
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Calif.
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p iss band; vswr of 1.5 max; power handling of 
5 v, and weight of less than 3 oz.

Maury & Assoc. Electronic Research & Devel- 
ooment, Dept. ED, 10373 Mills Ave., Pomona.

Servo Amplifier
Has variable damping or feedback control

as 
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>00
Operating from —55 to -J-125 C, this transistor

ized servo amplifier with variable damping or 
feedback control, has an output power of up to 
10 w. Type AMP-9616 can be designed to drive 
a servo motor-generator with standard 115/57J 
v control phase or 40/20 v control phase without 
the need of an output transformer. Open loop 
power gain is up to 90 db.

John Oster Manufacturing Co., Avionic Div.,
Dept. ED, 1 Main St., Racine, Wis.
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Timers
Intervals from 50 msec to several hours

This series of transistorized RC timers has 
time intervals ranging from 50 psec to several 
hours and eliminates use of motor-driven and 
thermal elements. Voltage ranges are 14 to 32 v 
de or 24 to 220 v ac. They measure as small as 3 
u in. and weigh a minimum of 3 oz. Tempera

ture range from —55 to -J-71 C or —55 to 
4 125 C.

Jordan Electronics Div. of The Victoreen In
st ument Co., Dept. ED, 3025 W. Mission Rd., 

ì’iambra, Calif.
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MICRO SWITCH Precision Switches

We've Miniaturized the Subminiature I
WEIGHT: 1 gram.. .28 switches to the ounce... over 430 to the pound. SIZE: .500" long, .200" wide, .350" high. 

CUBIC CONTENT: .035 cubic inches. ELECTRICAL RATING: 5 amps-250 vac, 30 vdc. SPDT.

.500*

After a long period of laboratory devel
opment, micro switch announces this 
new, highly miniaturized precision snap
action switch and a complementary line 
of actuators.
We call it the “Sub-subminiature!"
This new “SX" basic switch represents 
an entirely new set of answers to the 
space-weight problems in dependable 
precision switching. It combines new 
small size with more than ample capac
ity for wide usefulness, meeting the 
pressing demand for miniaturization 
combined with reliability.
In its exacting development, many prob

lems of design, testing and quality con
trol presented themselves. However, 23 
years of experience proved of immense 
value. As a result, a new standard has 
thus been set by which all precision 
switches must be measured.
This broad experience can prove of equal 
value to you. Send for more information 
about this new switch. Request Data 
Sheet No. 148.

MICRO SWITCH...FREEPORT, ILL.
A division of Honeywell

In Canada: Honeywell Controls, Ltd., 
Toronto 17, Ontario



NEW PRODUCTS
Gear-Head Motor

Withstands very high shock

finer»

CONTACT FINCCNS,

»QNTACTS

si gr

REGOHM

ELECTRIC REGULATOR CORPORATION
NORWALK CONNECTICUT
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Mramoif 
»I« DASHPOT

«inn
120 «,240V

.1« SC 
»E«

MTVATIND COtl 
»NO »DMATU»!

ISV AC

Gas Noise 
Source Tube

Please write for design data and perform
ance specs on REGOHM multi-stage regu
lators in applications similar to this.

MFtNCNCt 
mimi«

Generates random noise 
of 16 ±1 db
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The General Electric Company uses a 
REGOHM to control the input voltage to 
the power supply transformer of its Type 
H Halogen Leak Detectors. The REGOHM 
was installed because the high sensitivity 
requirements of these instruments call 
for rigid control of the voltages on the 
amplifier tubes and the sensing element. 
REGOHM’s small size and light weight 
were other factors in this application. 
Furnished with extremely stable gain by 
the REGOHM, the Leak Detector provides 
a quick, clean, and reliable method of 
locating leaks as small as 0.01 ounce a year 
in pressurized or evacuated enclosures.

In operation, the REGOHM senses any 
change in fhe voltage across the secondary 
of the power supply transformer and in
stantly modifies the transformer primary 
input to restore the secondary voltage to 
normal. In this way, both AC and DC 
output voltages are regulated to better 
than ± 1%, with input voltages of 120 
or 240 VAC ± 8% at frequencies from 
48 to 480 CPS.
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Where close control is required in elec
tronic or electrical equipment, designers 
choose REGOHM, because of its exceptional 
sensitivity; stability, wide range of con
trol resistance, long life, permanence of 
adjustment, rugged design, and low cost.

Electric Regulator Corporation 
produces many other control devices — 
MAGOHM magnetic voltage regulators, 
REGOHM-MAGASET exciter field regula
tors, voltage and frequency monitors, 
line-load regulators, airborne magnetic 
amplifiers, filament regulators, speed con
trols, GOVOHM diesel governors, and 
servomotor controls.

Our engineers will be glad to help 
you select a control that can solve your 
problem, both performancewise and cost
wise. Quite likely, it has already been 
solved by an established application of an 
Electric Regulator control device. Call, 
wire, or write Electric Regulator Corpora
tion, Norwalk, Connecticut.

Designed for use with the standard RG-52/U 
waveguide assembly, this gas noise source tube 
type 6357 will generate random noise at a noise 
level of 16 ±1 db above 290 K at frequencies in 
the 2.4 to 3.6 cm waveband. The use of an inert 
gas makes the noise output independent of the 
operating temperature.

Central Electronic Manufacturers, Inc., Dept. 
ED. 2 Richwood Pl., Denville, N.J.
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Model P5B827P75 is stated to be designed to 
withstand 7500 g. It operates on 28.5 to 31.5 v 
de developing 1000 oz-in. of torque at —65 C. 
The gear box is a six-stage, planetary design with 
a reduction ratio of 13,840:1, giving the output 
shaft a rotation speed of 1.3 rpm.

Western Gear Corp., Dept. ED, P.O. Box 182, 
Lynwood. Calif.
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Magnetic Shift Register
Speeds to 500 kc

A two-cores-per-bit shift register operates at 
speeds up to 500 kc. The maximum shifting rate 
of the DK 107 is above one megacycle. All com
ponents including two cores and four gold-

REGOHM SOLVES Another Electronics Control Problem



bonded germanium diodes are encapsulated in 
cooxy. Units are provided with solder lug head
ers, plug in bases, and solder pins for printed 
circuitry.

Airtronics, Inc., Dept. ED, Bethesda, Md.
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Converter
Features three section tuner

NOW. . . AUTOMATED PIGTAILING 
... AT 75% LESS COST - with the NEW 

I Automachine Shielded Wire FerruleA^AP• machine-fed ferrules and pigtail wire • controlled compression termination, with AMP automachine technique • dual applicator permits termination of two leads or double-ended jumper, simultaneously • pigtails cut to desired length, automatically!
Designed especially for television and 
commercial electronics applications.

Model 99R all-channel uhf converter features 
a three-section tuner with a dual input section. 
Additional features are simplified single-knob 
tuning of channels 14 through 83, drift-free per
formance, double-tuned rf section and precise 
300 ohm impedance match. The unit operates on 
117 v at 60 cps. It weighs 3-1/2 lb and measures 
6-3/4 x 5 x 4-3/4 in.

Blonder-Tongue Labs., Inc., Dept. ED, 9-25 
Alling St., Newark 2, N.J.
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Transistor Tester
Measures transistor characteristics

. I Model TT-205 transistor tester measures small 3pt, 1 f
I signal beta, collector leakage current, and col- 
I lector resistance on all npn, pnp, surface barrier, 
I grown or diffused junction transistors. Eleven 
I operating points are provided with one selector 
I sw itch. The instrument employs three transistors, 
I oi e as a stable local oscillator having a nominal 
I fr quency of 1000 cps, the other two as a special 

; at ■ P rpose, low level, synchronous linear detector, 
rate I Sonex, Inc., Dept. ED, 73 S. State Rd., Upper 
om- I Darby, Pa.

1 CIRCLE 99 ON READER-SERVICE CARD

I ELECTRONIC DESIGN • July 9, 1958

Additional information is available on request.

AMP Incorporated
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada • England • France • Holland • Japan

CIRCLE 104 ON READER-SERVICE CARD
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NEW PRODUCTS

New
Ruggedized 
Westinghouse 
Image Orthicon!
DURABLE NEW WL-7198 
WITHSTANDS SEVERE 
ENVIRONMENTAL CONDITIONS, 
SHOWS NO DEGRADATION 
AFTER 30 G’S!

Now Westinghouse has developed an image orthicon tube 
that’s rugged enough to withstand 30 g’s . . . yet sensitive 
enough to perform efficiently at low light levels. The new 
WL-7198 is ideal for military, industrial and scientific appli
cations subject to extreme environmental conditions.
TYPICAL CHARACTERISTICS OF THE WL-7198 ARE:

Vibration: (1) Operable throughout MIL-E-5272A
Procedure I (10 g’s from 50 to 500 cps) 

(2) 350 lines horizontal resolution at 5 g’s 
from 50 to 500 cps with 3 x 102 foot
candles on photocathode.

Shock: No degradation after 30 g’s.
Low light level performance: 250 lines minimum 

resolution 3 x 104 foot
candles on photocathode. 

Sample quantities of the WL-7198 are available for imme
diate delivery.
WESTINGHOUSE ENGINEERS WILL HELP YOU SOLVB 
YOUR IMAGE ORTHICON PROBLEMS UPON YOUR 
REQUEST.

CIRCLE 105 ON

you CAN BE SURE...IF it's

Westinghouse
Electronic Tube Div. QJr Elmira, New York

READER-SERVICE CARD

Patchcord System
Modular contact strips

This patchcord programming system provide 
an uncomplicated method of programming that ij 
both compact and flexible. Its flexibility result 
from the modular arrangement of contact strip 
and the use of either single or multiple patch 
cords. By altering the size of the framework any 
reasonable number of contacts can be provided 
The compactness of the system is such that 44 
contacts are contained in an area 8-3/32 in. wide 
by 4-1/2 in. high.

Virginia Electronics Co. Inc., Dept ED, Rive: 
Rd. and B. & O. Railroad, Washington 16, D.C
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Sampling Switch
45 channels

This solid state commutator has 45 non-short 
ing channels, sampled 20 times per second. It ac 
cepts signals ranging from 0 to -j-5 v de and pro 
duces a train of noise-free pam waveforms with’ 
rise and fall times not exceeding 0.5 per cent oil 
full scale pulse. “On time is continuously ad lumi

£ 1 _____ TUnjustable from 100 to 0 per cent of duty cycle. Pre 
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|nb ic
selected repetition rates are selected by proper Beate
wiring to mating plugs. The unit weighs less than izoni 
2-1/4 lb, and requires less than 3 w of 28 v de ■U’itl A
With source impedances as low as 5 k conversici |V tl 
accuracy is ±0.5 per cent of full scale.

General Devices, Inc., Dept. ED, Princeton®E j
N.J.
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Relay
For high vibration use
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Type 2SM two-pole relay is 
available on special order to those 
who need vibration immunity to 
two or three times the normal limi
tation of 20 g at 2000 cps. The relay 
will withstand temperatures to 
125 C, standard, and to 200 C, spe
cial. Contacts are rated to 5 amp 
resistive, and for dry circuit appli
cation.

Hj-G, Inc., Dept. ED, Bradley 
Field, Windsor Locks, Conn.
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Tape Monitor
Multi-channel

The tube that makes 
present computer 

indicator system designs 
obsolete...

4MlbWi
subminiature indicator tube

Monitors Transistorized Circuits
• with 
• with 
• with 
• with 
• with 
• with 
• with

higher information density
simpler associated circuitry

out ionization- and deionization-time problem s 
increased circuit protection 
lower power requirements 
lower cost per unit
ultra - compact assembly on printed circuit boards

• V.Q.C.

.00.000 A

sLorr 
It ac 

1 pro. 
» with 
ent o 
y ad'

Model P-106-B Systemat multi- 
I channel tape monitor has applica- 
| tions in telemetering, jet engine 
■ testing and many other similar jobs. 
11 Die unit includes six Panelscopes, 
I I power supply, and sweep gener
ic ator for up to 14 monitors. A sys

tem of lamps is used to indicate

?. Pre

Uopi

under or over modulation. The 
model P-106-B is designed to indi
cate full scale vertically or hori-

s than zontally with an input of 1 v rms

The amperex 6977 is a high-vacuum filamentary subminia
ture indicator triode which gives a bright blue-green indica
tion when the control grid is at zero potential. It has been 
developed specifically for transistorized computers, where 
its high input impedance and small signal requirements 
enable it to monitor the transistor circuits without loading 
them and affecting their operation. It replaces the conven
tional and much more expensive high-voltage transistor and 
neon lamp combination so far uspd in transistor computers 
for the same purpose. Since its high input impedance permits 
th<* use of a series grid resistOF, it will not short out the 
transistor circuit if it should ever fail. Manufactured with 
special computer tube techniques, the 6977 is designed for 
20,000 hours life.

'WWITR’-PSW-j

Heater voltage is only 1 volt, 30 ma, At' or DC. The anode 
will draw only 0.5 ma from a 50 volt DC supply during the 
zero-bias “on" condition. A 3.0 volt DC voltage is sufficient 
to cut-off plate current and light. Write for data sheet to 
Semiconductor and Special Purpose Tube Division, Amperex 
Electronic Corp., 230 Duffy Avenue, Hicksville. L L. NA

v de
'ersioi

With a response of dc to 300 kc 
within 3 db.

Waterman Products Co., Inc.,

CIRCLE 109 ON 
CIRCLE 393 ON

READER-SERVICE 
READER-SERVICE

CARD 
CARD ►

about products and services for the computer industry

AMPEREX ELECTRONIC CORP., 230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N Y
In Canada: Rogers Electronic Tubes & Components, 11-19 Brentcliffe Road, Leaside, Toronto 17

ice tor <1 pt. ED, 2445 Emerald St., Phila-
Iphia 25, Pa.
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NEW PRODUCTS

WESTINGHOUSE TAKES A GIANT

Model TQ-36 is a twin transistorized de power 
supply, with each output rated at 4-36 v, 0-1 amp. 
Regulation of 0.1 per cent for line or load is

Punched Card Buffer 
Card-to-tape compatibility

Through major improvements in silicon purification and transistor fabrication, Westinghouse has 
broken down the previous limitations of Silicon Power Transistors. The result is a new series of 
Westinghouse Power Transistors which can operate at high efficiencies In the “true power range.”

Power Supply
Dual transistorized unit

ELECTRONIC DESIGN • July 9t 1958

This magnetic core memory unit, type 80-CB- 
7, stores up to 80 alpha-numeric characters to 
accommodate the full contents of a standard 
card. Additional applications include transfer of 
card data to electronic computers, digital control 
systems, and remote transmission equipment.

Telemeter Magnetics, Inc., Dept. ED, 2245 
Pontius Ave., Los Angeles 64, Calif.
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These are the first members of an entirely new 
family of Westinghouse Silicon Power Transis

tors, which have the advantages associated with 
silicon (high voltages and high operating tempera
ture) without the disadvantages (high losses). As 
you can see from the chart on the right-hand page, 
these units possess exceptionally low saturation 
resistance—less than one half ohm. This low satura
tion resistance which results in low internal dissi
pation, coupled with high power handling capacity, 
makes possible silicon transistors which can effi
ciently handle 1000 or 1500 watts. For example, as a 
DC switch, handling 1.5 kw (300 volts at 5 amperes) 
the internal dissipation of the units is about 12.5 
watts with a resulting efficiency of better than 99%. 
Typical reverse leakages are 3 milliamperes.

Tuning Forks
Accuracies to 0.01 per cent

Series 6250 tuning forks cover a range of 3C0- 
4000 cps at accuracies to 0.01 per cent. Config
urations available include thermistors for exter
nal circuit temperature compensation and heaters 
for extreme temperature ranges.

Varo Manufacturing Co., Inc., Dept. ED, 2201 
Walnut St., Garland, Tex.
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LIFE-SIZE DRAWING
shows how Westinghouse 
Silicon Power Transistor is 
designed for attachment to 
heat sink, with a screw stud. 
All leads are in the base.

Like other silicon devices, these transistors can 
operate in ambient temperatures up to and exceeding 
150°C while germanium units are limited to 85°C. 
Thus, where the higher power rating is not required 
these units may be used for their high temperature 
capabilities. It also follows that wherever germa
nium power units are presently employed, a switch 
to silicon transistors will result in higher reliability 
of operation, because of the greater margin of safety 
with respect to operating temperature.

There are a great many circuits for which this new 
type of silicon power transistor is made to order, ll 
will find use in inverters or converters (AC to AC, 
AC to DC, DC to AC, DC to DC), to control fre
quencies for data processing, servo output, and 
other aircraft information applications. It will serve 
as a low frequency switch, as mentioned above; it will 
operate efficiently with low power supply voltages 
and it will find a number of uses in class A amplifiers 
There are also many additional applications—too 
numerous to list here.

These Westinghouse Silicon Power Transistors! 
are available in sample quantities for your testing! 
and immediate application. Call your Westinghouse 
representative or write directly to Westinghousej 
Electric Corporation, Semiconductor Dept., Youngi 
wood, Pennsylvania.
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N SILICON POWER TRANSISTORS

Resistors
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63

X 107-2

X 107-5

gain is equal to or greater than 10. It is possible to switch higher collector currents with some sacrifice in gain.

DC CURRENT GAINS

lector-emitter current in the 2 am-

VOLTAGE CHARACTERISTICS

illustration emitter-base reaches I00 volts.

wirewound resistors.
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I OW SATURATION RESISTANCE

N.Y.
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COMMON EMITTER OUTPUT
CHARACTERISTICS
are charted here for the lower current outputs.

afforded by a Zener diode reference. Output 
impedance is 0.01 ohm, dc. Typical transient re
sponse is 50 psec and ripple is less than 3 mv.

Universal Electronics Co., Dept. ED, 1720 
22nd St., Santa Monica, Calif.
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Constant Speed Drive
16 in.-oz at 1000 rpm

ias 
> of 
e.”

stors 
sting 
louse 
louse 
>ung-

Designed for computer and control system ap-

Thermal resistance—Junction to case, O.7°C/watt typical. Current ratings based on the current at which current

current rating V CBO V OE (Veb = O) R s

2 amperes 30-300V 30-300V 0.5 ohms Typical

5 amperes 30-300V 30-300V 0.4 ohms Typical

>s exhibited in this graph showing values for a typical Westinghouse Silicon
Power Transistor driven to 5 amperes. The values are fractions of those
observed in other silicon transistors.

The characteristics saturate sharply.

itCTRONIC DESIGN

plications, this constant speed power drive
supplies 16 in.-oz at 1000 rpm. Tolerance on
speed is in the order of ±0.1 per cent with an
input voltage variation of ±20 per cent and an
input speed of 1100 rpm ±15 per cent. A typical
unit, type 041-9902, measures 4-1/4 x 2 x 2 in.
and weighs in the order of 1 lb. This unit utilizes
a timing motor requiring 28 v dc at 3 w.

M. Ten Bosch, Inc., Dept. ED, Pleasantville,

of a 300-volt unit are shown here. High emitter-base
voltage may be important m some circuits. In this

are presented as functions of col-

pere- and 5 ampere-rated units.

YOU CAN Bi SURE...IF ITS

vVestinghouse

July 9, 1958

Using a specially designed metal alloy grid
resistance element, these resistors are available
in three types: the (JAH, 0.25 w; the EAH, 0.50
w; and the G AH, 1.0 w, with full ratings at 100
C ambient. The resistors exceed Mil specifica-
tions for wirewound and metal film type preci-
sion resistors. The resistors employ a noninduc-
tive resistance element for excellent high
frequency characteristics. The metal alloy grid
results in a noise level comparable to that of

Allen-Bradley Co., Dept. ED, 136 W. Green-
field Ave., Milwaukee 4, Wis.



WESTON INSTRUMENTS: STANDARDS OF STABILITY IN SCIENCE AND INDUSTRY NEW PRODUCTS
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250° SCALES MEAN GREATER READABILITY

WESTON 00'1
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Capacitor 
Leads
Lock-in

Terminals
High temperature 
ramic-to-metal

Weston’s new series of Long-Scale Instruments now 
fills the requirements of a wide variety of special 
applications. Rugged, sprmg-backed-jewel mecha
nisms are self-shielded for immunity to the effects of 

stray magnetic fields. The instruments may be 
mounted without concern for panel thickness or ma
terial. Thus, exceptional stability (both mechanical 
and electrical) teams up with unequalled readability 
for a new high in panel instrument value. Accuracies 
are within ± I % of full-scale range.

Weston Long-Scale instruments are available in 
Aircraft and Standard Flanged cases for a wide range 
of current, voltage, tachometric and temperature 
indications. Consult your local Weston representative 
for complete details on Long-Scale Instruments . . . 
or write tor Catalog A-50. Address: Weston Instru
ments, Division of Daystrom, Inc., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 10, Ont. Export: Daystrom Infl., 100 
Empire St., Newark 12, N. J.

This series of synchros, resolvers and linea 
transformers for indication and control is tk 
signed for 26 v and 115 v, 400 cps operatioi

Components
For 26 v and 115 v, 400 cps operation

ELECTRONIC DESIGN • July 9, 195!

These ceramic-to-metal lead-through terminals, 
which provide vacuum seals around conductor 
lead-throughs, are designed for high tempera 
tures and high altitudes. The terminals are h 
use with soft solders at temperatures up to 4501 
and with hard or silver solders at temperatures 
to 1400 F.

Thermo Materials, Inc., Dept. ED, 4040 Camp 
bell Ave., Menlo Park, Calif.
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Available on Ri-cap printed circuit capacitors 
Swedge leads lock firmly into circuit boards an 
prevent falling out or tipping over. A specia 
shoulder stop keeps the leads from being pushes 
through the board and prevents durez pant 
from interfering with soldering. The leads insei 
easily into various size holes.

Radio Industries, Inc., Dept. ED, 5225 N 
Ravenswood Ave., Chicago 40, Ill.
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If you have this problem, investigate
Cooling System

Takes large heat loads

— 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.

Stainless steel construction with high nickel 
la ninations provides for good corrosion resist
ar ce. Operating temperatures are from —50 to 
-J-125 C. In addition to position indicating on 
vi I »es, computer shafts, and missile components, 
the units achieve accuracy as sensing elements 
and in servo mechanisms.

Induction Motors of California, Dept. ED. 
6058 Walker Ave., Maywood, Calif.
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The U-520878-1 hydraulic and electronic sys
tem has such performance characteristics as: max 
heat loads of 2500 w (hydraulic) and 5150 w 
electronic); required air flow of only 75 lb per 

min; max pressure drop of 6 in. H2O at 122 lb 
?er min, and an operative altitude range to 
¡UOOO ft.

United Aircraft Products, Inc., Dept. ED, 1116 
Colander Ave., Dayton, Ohio.
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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!

Silicon Diodes
Rated to 500 v piv

25 N

i

CORPORATION

CIRCLE 400 ON READER-SERVICE CARD
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These diodes provide de forward currents up 
o 45 a with a maximum peak inverse voltage to 
" v. They are capable of operation at a junc- 
io i temperature of 200 C.

international Rectifier Corp., Dept. ED, 1521 
• Grand Ave., El Segundo, Calif.
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INCA MANUFACTURING DIVISION
FORT WAYNE, INDIANA



NEW PRODUCTS

’omor

Transducerized Tank NT-1505 Generator G-1501
Capacity: 5 gallons 200 watts

This
vave

Video Attenuator
Flat response to 10 me

SoNBlASTgR

Uni\

$1325
M360

Effective

Mod

lane

ixc rs

Capable of handling up to 3
101 low-noise precision potentiometer operatesCIRCLE 116 ON READER-SERVICE CARD
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No matter what you need in ultrasonic cleaning equipment, 
you’ll find Narda’s complete line of production-size units have 
the quality, power, performance, capacity and appearance of 
cleaners selling up to three times their price! Write for more 
details now and we’ll include a free questionnaire to help 
determine the precise model you need. Address: Dept. ED 16E.

being cleaned require 
solutions or a two-step

different 
process

[0 i in 
ml re 
ohms.

switch on the front panel to operate up to 8 submers 
ible transducers or 8 NT-602 or 2 NT 1505 transduc

with li
Huh

Powerful unit drives the 
largest mass-produced 
industrial-size transduc
erized ultrasoniccleaning 
tank made! (Tank NT- 
25001; capacity: 75 gal
lons.) G-25001 generator 
also energizes up to 40 
submersible transducers.

n-r a
It star

Narda SonBlasters offer the most complete line 
of lowest-cost mass-produced ultrasonic cleaners

erized tanks at 
special order.

Generator G-202 
35 watts

enor 
Draw 
Dated

St... - 11

3 be
tny ph

Transducerized Tank NT-5001 
Capacity: 10 gallons
Generator features standby switch

Generator G-601 
60 watts
A more powerful

x 5"). Effective cavitation .if volumes up to 1200 cu. in. at 24 in tank 
height (5 gal ) and 2400 cu. in. at 48 in. tank height (10 gal.). Bulkhead 
electrical fitting on back allows all wiring connections to be made on 
outside of tank. For use in any arrangement or location
in any shape tank you desire to use. Also available— rr Afi
model NT 604, identical with NT 605, except for pipe ft I "J 11
thread instead of bulkhead fitting, permitting electrical *r I I 
connections inside of tank. I W

Low-Noise 
Potentiometer

OtlK W
Bp d

’most any mechanical, electrical or horological part or assem 
bly you can think of—and clean faster, better and cheaper.

Generator G-25001
2500 watts

Submersible Transducer NT-605
Heli arc welded stainless case, hermetically sealed 
for safe, leak-proof immersion. Radiating face: 27 
plane of radiation: 40-50 sq. in. (approximately 10"

For custom-designed installation and unique electro-acoustic 
applications, including cleaning, soldering, welding, drilling 
and non-destructive testing, consult our subsidiary, Alcar 
Instruments Inc., at the address below.

Frequency Measurement
Range from 2000 to 4000 me

What do you want to clean? Transistors, semi-conductors, 
other electronic, automotive, missile and avionic components, 
instruments, timing mechanisms —Narda’s SonBlasters clean

Transducerized Tank NT-202 
Capacity: 4b gallon

Narda’s mass-production techniques assure you the most 
complete line of ultrasonic cleaners at the lowest prices in 
the industry! From the smallest 35-watt to the amazing 
2500-watt unit with a tank capacity of 75 gallons, Narda’s 
SonBlasters are available now—off-the-shelf—for immediate 
delivery. And with a full 2-year warranty besides!

An amazingly efficient, yet inexpensive, ultra
sonic cleaner. Duty cycle timer permits opera
tor to turn the unit on, set it, and leave; the 
SonBlaster will turn off automati
cally at the end of the cycle. Four 
choices of timers—from 0-15 min. ft ft 
to 0-120 min Also available with- ft I 111 
out timer at slightly lower cost t f f I 
(G-201).

one time. Larger tanks available on

Consult with Narda for all your ultrasonic requirements. The SonBlaster 
catalog line of ultrasonic cleaning equipment ranges fr->m 35 watts to 
2.5 KW, and includes transducerized tanks as well as immersible trans
ducers which can be adapted to any size or shape tank you may now 
be using. If ultrasonics can be applied to help improve your process. 
Narda will recommend the finest, most dependable equipment available 
— and at the lowest price in the industry!

The lowest price in the industry for a tank of 
this capacity and activity. Gener
ator alsc will operate 2. 3 or 4 (TAAr 
submersible transducers at one
time, with just a turn of the load t
selector switch on the front panel. W W

Generator G-5001 
500 watts

for longer life and load selector

Transducerized Tank NT-602
Capacity: 1 gallon 

production type unit, with a
special circuit and selector switch 
permitting operator to alternate 
between two tanks, when items

Model V256 video attenuator is available io 
45 steps of 0.1 db per step. The attenuator has« 
flat frequency response from dc to 10 me and 
has either a standard lug type terminal board 
or UG-185/U connectors.

The Daven Co., Dept. ED, Livingston, N.J.
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Operates from —85 to 
+185 F

Developed for the exact determination of fre
quencies of transmitted signals, this instrument 
is basically a frequency marker generator cove, 
ing the range from 2000 to 4000 me. Applica 
tions include use in counter-measures, communi
cation systems, and telemetering.

Allen B. DuMont Labs., Inc., Dept. ED, 750 
Bloomfield Ave., Clifton, N.J.
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ultrasonics corporation
118-160 HERRICKS ROAD, MINEOLA



TRIPLETT & BARTON TRI-IND-X PORTABLE X-RAY UNIT TUBE END ASSEMBLY
OLD MODEL NEW MODEL

OLD NEW

END BELL ASSEMBLY

OLD NEW2 Truarc RingsParts

aas

WALDES

TRÜARC
RETAINING RINGS

E0070WALDES KOHINOOR. INC., LONG ISLAND CITY 1, N. Y.

?rate$
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.Zone____ State.

Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Representative and Authorized 
Distributor. Look under “Retaining Rings” or “Rings, Retaining.” 
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NEW 
SPECIFICATIONS

ONE 10" BEVELED RING REPLACES 12 BOLTS— 
Machining and assembly time formerly required 78 
hours . . now reduced to 1 */2 hours! Service opera
tions for dismantling or tube change formerly re* 
quired 4*/2 hours . .. now reduced to 5 minutes! In 
addition to savings on materials, costs have been 
reduced approximately $500 per unit.

Uniwave, Inc., Dept. ED, Farmingdale, N.Y.
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)V r a temperature range from —85 to 4-185 F. 
it stands 5 g of vibration between 20 and 2000 
ps and up to 30 g of shock in six directions. This 

[0 tarn potentiometer is available in eight stand- 
mi resistance values between 500 and 100,000 
)hms. Standard linearity tolerance is ±0.5 per 
;ent Other resistance values can be provided 
with linearity up to ±0.05 per cent.

Hub-Pot, Inc., Dept. ED, 1242 E. Transit Ave., 
Pomona, Calif.
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Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product.

In Truarc, you get

Statistically Controlled Quality from engineering and raw 
materials to the finished product. Every step in manu
facture watched and checked in Waldes’ own modern plant.

Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types available

■ Model P205 preamplifier is designed to be fed 
■om a crystal mixer having a 200 to 300 ohm 
•lanced output. A variation of the P205, model 
•05 A, is available for 200 ohm unbalanced 
ilixt's. The unit provides a gain of 20 db with a 

width of 10 me. Noise figure is 2 db. Output 
WP dance is 50 ohms, and input is either 200 to 
B0 >hms balanced or 200 ohms unbalanced. 
Bh^truments For Industry, Inc., Dept. ED, 150 
■ei Cove Rd., Mineola, N.Y.
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Prior to adoption in their new bantam-weight TRI-IND-X, Triplett & 
Barton, Inc., Burbank, Calif., subjected Waldes Truarc Retaining Rings 
to severe tests and rigid inspections. Although the TRI-IND-X operates 
at a normal pressure of 50 psi, Truarc Rings were subjected to pressure 
tests in excess of 500 psi, proving their high performance.

This forming process, for bending and twisting 
rave guides, produces a uniformly smooth in- 
erior devoid of energy absorbing hot-spots. 
)raw marks, creases, burrs and ripples are elim
inated by the process, which is called Micro- 
[mouth. The method allows closer tolerances to 
p be held on inner dimensions while bends in 
my plane can be combined with twists and sharp

ONE 9" BEVELED RING REPLACES 15 BOLTS-ln addi
tion to functioning a* mechanical fasteners, the Truarc 
Beveled rings serve as pressure vessel closures, provid
ing leak-proof seals. The wedge action of the ring com
pensates for wear, provides a constant tight seal.

I-F Preamplifier 
20 db gain over 10 me band

Com pany________

Business Address.

Waveguide Bending
Process provides smooth interior

quickly from leading OEM distributors in 90 stocking points 
throughout the U. S. and Canada.

Field Engineering Service: More than 30 engineering- 
minded factory representatives and 700 field men are at 
your call.

Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today... 
let our Truarc engineers help you solve design, assembly 
and production problems ... without obligation.

OLD 
SPECIFICATIONS

Waldes Kohinoor, Inc., 47-16 Austel Mace, L.I.C.1, N. V. 
Please send new, descriptive catelog showing all 
types of Truarc rings and representative case history 
epplications.

(Please print)

27 bolts

Weight 107 lbs. 65 lbs.
Diameter 15 inches 11 inches
Machining and 

Assembly Time 78 hours 1% hours
Service Time 4% hours 5 minutes



NEW PRODUCTS lion

ance

NEW HIGH-FREQUENCY POWER TRANSISTOR BY DELCO

80 volts maximum

40 volts maximum

cent

BRANCH OFFICES

CIRCLE 123 ON READER-SERVICE CARD

Actual 
»Ixe

opei 
sens

12 Ma 
0.5 ma 
15 ma

Ignition Primer 
For high altitudes

The LA90 5-mc frequency standard offers 1 
term stability to better than one-part in or e

25 kc
Io C/watt

ANNOUNCING...
the newest addition to the Delco 
family of PNP germanium transis
tors! It’s ideally suited for high
speed switching circuits and should 
find wide use in regulated power 
supplies, square wave oscillators, 
servo amplifiers, and core-driver cir
cuits of high-speed computers. It’s 
the 2N553?

Potentiometer
2 5 w at 200 c

Santa Monica, California 
726 Santa Monica Boulevard 
Tel: Exbrook 3-1465

Frequency Standard
Temperature shifts less than 0.01 C

TYPICAL CHARACTERISTICS T = 25°C unless otherwise specified

Newark, New Jersey 
1180 Raymond Boulevard 
Tol: Mitchell 2-6165

No other transistor offers so desirable a combination oj 
characteristics for applications requiring reliability and 
consistency of parameters.

4 amps, maximum
1 amp. maximum 
. . . . . . . . . . . . .  95 C 
. . . . . . . . . . . . — 65°C

Collector diode voltage VC6 
(VEB= -1.5 volts)

Emitter diode voltage VEB. . . . .
(VCB = -1.5 volts) 

Collector current. . . . . . . . . . . . . . . . .  
Base Current. . . . . . . . . . . . . . . . . . . . .  
Maximum junction temperature 
Minimum junction temperature.

Designed for high temperature service, this p 
tentiometer is for use up to 250 C, with 2.5 w H 
ing 200 C. Sample and pilot quantities are av. 
able in linear tapers from 10 to 20,000 ohms, aq 
in standard tolerance of ±5 per cent.

P. R. Mallory & Co. Inc., Dept. ED, Indianap 
lis 6, Ind.

CIRCLE 124 ON READER-SERVICE CARD

ELECTRONIC DESIGN • July 9, 191

Collector diode current lCo (VCb = 2 volts). . . . . . . . . . . . .  
Collector diode current I co (VCB = - 60 volts) .
Collector diode current lCo (VCB = — 30 volts. 75°C). 
Current gain (VCE = -2 volts, lc = 0.5 amp.) . . . . .  
Current gain (VCE = 2 volts, lc = 2 amps.) 
Saturation voltage VEC (lB = 220 ma, lc = 3 amps.) 
Common emitter current amplification cutoff frequency

(Ic = 2 amps. VEC = 12 volts). . . . . . . . . . . . . . . . . . . .  
Thermal resistance (junction to mounting base). . . . .

R C I P il D A n I ii Division of General Motors 
ULLuU nnUIU Kokomo, Indiana

Model 1029A high-altitude ignition primer is 
a hermetically-sealed part designed for the igjj. 
tion of propellants and powders at altitudes m 
excess of 100,000 ft. The unit is a standard screv- 
in construction having a 3/8-24 class 2A threj 
and a 7/16 in. hex.

Holex, Inc., Dept. ED, P.O. Box 148, Hollister, 
Calif.

CIRCLE 125 ON READER-SERVICE CARD
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lion. Long term operation results in temperature 
shifts of less than 0.01 C. The environmental tem
perature range is 0 to 50 C. When the unit is in 
operation a high coefficient crystal acts as a very 
sensitive high Q control device which equalizes 
the power in the oven.

Lavoie Laboratories, Inc., Dept. ED, Mata
wan-Freehold Rd., Morganville, N.J.

CIRCLE 126 ON READER-SERVICE CARD

Tuneable Transformers
Plug-in PC units

This series of sealed miniature tuneable trans
formers and reactors for printed circuit use are 

I plug-in types with provision for assuring clear
ance of body of unit from printed circuit board. 

■ This type of construction is available with 2 to 8 
■ functional terminals. Characteristics include a fre- 
■ quency range of up to 70 me, inductance to 30 
■ mh. and Q value to 125.
■ Coil Winders, Inc., Dept. ED, New York Ave., 
■Westbury, N.Y.

CIRCLE 127 ON READER-SERVICE CARD

Power Supply
For strain gages

Model 2-200 transistorized strain-gage power 
■supply provides 0-15 v at 0-5 amp with less than 
■1 inv drift over a 24-hr period at constant tem- 
IBpeiature, and less than 0.001 per cent per deg F 
■change with temperature variations. A 10 per 
■cent change in line voltage will produce a change 
■ of !ess than 2 mv in output, while a 1 amp change 

pn load current will produce less than 1 mv 
(ch nge in output. Ripple is less than 1 mv peak 
|to )eak under all conditions of load.

\eff Instrument Corp., Dept. ED, 2211 E. 
< »thill Blvd., Pasadena, Calif.

CIRCLE 128 ON READER-SERVICE CARD

LECTRONIC DESIGN • July 9, 1958 69, I’
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CBS-HYTRON Semiconductor Operations, Lowell, Massa usetts. A Division of Columbia Broadcasting System, Inc, 
Sales Offices: Newark, N.J.; Melrose Park, III.; Los Angeles, Calif.

CIRCLE 129 ON READER-SERVICE CARD



CHARACTERISTICS OF TYPES 2N495 ond 2N496

PHILCO NEW PRODUCTS

125° C Characteristic.

» 120

Tj—Junction Temperature *C

PH ILCO, CORPORATION
LANSDALE TUBE COMPANY DIVISION

< CIRCLE 130 ON READER-SERVICE CARDLANSDALE, PENNSYLVANIA

Typical Vc — Ic in 
(Saturation Region)

Typical Characteristics 
vs. Junction Temperature

J
» t

• Maximum Frequency of Oscillation in 
the 15 Megacycle Range

• Collector Saturation Voltage of 0.1 Volt 
or Under

• Excellent performance at Temperatures 
from —65° C to +140° C

2N495 -2N496

For outstanding performance 
at high junction temperatures

The new model Robotester, type 
LA-302, permits random selection 
throughout any two of 250 circuit 
points for measurement of resist
ance, polarized de or ac voltage oi 
insulation resistance. This improve
ment in flexibility increases user 
savings over that obtained with the 
original model. The unit is adapt
able to automated production run
ning 60-100 tests per minute and is 
able to signal wiring or assembly 
errors with a flashing light indi
cator. The range of voltage meas
urement is from 0.5 to 500 v and hi- 
pot is accomplished at 500 v de 
with a theoretical 10,000 meg upper 
limit. The resistance range of the 
Robotester is from one ohm to 9.99 
meg.

Lavoie Laboratories, Inc., Dept 
ED, Matawan-Freehold Rd., Mor
ganville, N.J.

CIRCLE 131 ON READER-SERVICE CARD

These new Philco PNP Surface Alloy Silicon Transistors permit transistori
zation of circuits where high ambient temperatures are encountered.

Type 2N495 is a general purpose silicon transistor, with excellent per
formance and reliability in amplifier and oscillator applications at frequencies 
through 15 me. Units are rated at 150 mw total dissipation with a collector 
voltage rating of 25v.

Type 2N496 is specifically designed for high speed switching circuits . . . 
fab typically over 17 me. This unit gives the designer the advantages of low 
saturation, low voltage operation and minimum load impedance even at 
junction temperatures as high as 140° C.
Make Philco your prime source for information and prices on silicon transistors.

Write Dept. ED 758

Relay
Switches radio frequencies

This relay for switching radio 
frequencies has applications such 
as antenna change-over on mobile 
radio. A special contact spring con
struction is designed to provide the 
lowest possible capacitance be
tween springs. Operating voltages 
6 to 110 v de spst or spdt contacts 
rated 2 amp at 24 v de or 115 v ad 
non-inductive load.

Magnecraft Electric Co., Dept 
ED, 33500 W. Grand Ave., Chicago 
51, Ill.

CIRCLE 132 ON READER-SERVICE CARD

Tape-Programmed Tester
Improved flexibility

(—)VC—Collector Voltage—Volts

Maximum Power Maximum Collector Voltage 2N495—25 V
Dissipation—150 mw 2N496—10 V
*ft (the frequency at which beta is unity) is typically 
85% of the alpha cutoff frequency.

CHARACTHISTIC CONDITION
TYPICAL VAU»

2N49S 2N49*

Current Amplification 
Factor, hfe

Vcb = -6v 
IK = 1 ma 18

Current Amplification 
Factor, hPB

Ver = -0.5 V 
Ic = -15 ma 12

Output Capacitance, 
Cob

Vc« = -6v 
IE = 1 ma 7 mA

Maximum Frequency 
of Oscillation, 
fn max.

VCB = -6 v 
Ik = 1 ma 15 me

Frequency for Beta
-Mt*

Vck = —6 v 
IB = 1 ma 
f = 4 me

15 me

Cutoff Current, 
leno Or Ikuo

VCBor VEB = -IOv .001 pa .001 /<a
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ELECTRONIC DESIGN

High Frequency Transistors

110

Manufacturer Class and
and Type Application

Maximum Ratings
Wc Tj (a) mw C Vc lc

(mw) (C) (b) C mw (volts) (ma)

Characteristics 
hf. or lco NF Ce feo
hfb (/xa) (db) (urf) (Me)

Amperex Electronic Corp., Hicksville, N. Y. 

2N279 p-n-p, alloy, audio pre-amp.
2N2SO p-n-p, alloy, audio driver
2N2S3 p-n-p, alloy, audio gen. pur.
2N284 p-n-p, alloy, audio output
OC65 p-n-p, alloy, hear aid, pre-amp.
OC66 p-n-p, alloy, hear aid, out.

Bendix Aviation Corp., 
Long Branch, N. J.

Bl 59 P-n-p, AJ, audio

Bogue Electric Mfg. Co., Paterson. N. J.

2N97 n-p-n, grown, audio, if
2N161 n-p-n, grown, Si, comp, servo
BN163A n-p-n, grown, Si, comp, servo
BN 160 n-p-n, grown, Si, comp, servo
BN 163 n-p-n, grown, Si, comp, servo
BN16BA n-p-n, grown, Si, comp, servo

RD31 6 n-p-n, grown, Si, comp, servo
BN347 n-p-n, grown, Si, servo, sw.
2N348 n-p-n, grown, Si, servo, sw.
2N349 n-p-n, grown, Si, servo, sw.
2N332 n-p-n, grown, Si, gen. purpose
2N333 n-p-n, grown, Si, gen. purpose
2N334 n-p-n, grown, Si, gen. purpose
2N335 n-p-n, grown, Si, gen. purpose

General Electric Co., 
Syracuse, N. Y.

3N36 n-p-n, Meltback, amp.
3N37 n-p-n, Meltback, amp.

2N44A p-n-p, AJ
2N524 p-n-p, A J
2N525 p-n-p, AJ
2N526 p-n-p, AJ
2N527 p-n-p, AJ

General Transistor Corp., Jamaica, N. Y.

GT 14 p-n-p, AJ, audio
GT2O p-n-p, AJ, audio
GT34 p-n-p, AJ, audio
GT74 p-n-p, AJ, audio

GT75 p-n-p, AJ, audio
GT81 p-n-p, AJ, audio
GT81HS p-n-p, AJ, audio
GT82 p-n-p, AJ, audio

GT87 p-n-p, AJ
GT88 p-n-p, AJ
GT 109 p-n-p, AJ, audio
GT122 p-n-p, AJ
GT229 n-p-n, AJ, amateur

GT34HV p-n-p, AJ, hi-volt
GT759R p-n-p, AJ, rf-if
GT76OR p-n-p, AJ, rf-if
GT83 p-n-p, AJ
GT357 p-n-p, AJ

125 75 2.5(a) —30 10
2.5(a) —30 10
2.5(a) —32 10

167’ 3.33(a) —32 250
50’ 65 1.54(a) —10 10

1 ’ 1 1.54(a) —10 10

500 95 0.20 (b) 40 300

50 75 2.0(a) 30 10
150 175 1.0(a) 40 25

100s 175 1.0(a) 20 20
750 3.0(a) 60 60

3.0(a) 90 50
3.0(a) 125 40

150 1.16(b) 45 25
150 175 1.16(b) 45 25

30 85 0.5(a) 7 20
1 1 1 1 1

155 100 0.25(b) —45
225 0.27(b) —500

125 85 2.0(a) —25
125 2.0(a) —25

1 1

125 85 2.0(a) —25
1

150
125

125 85 2.0(a) —25

100 1.67(a)

125 85 2.0(a) —50
90 75 1.8(a) —10
III 1

125 85 2.0(a) —25
100 1 1.67(a) 1

40 52 1 0 0.3’
75 4.5 10 0.3
55 3.5 10 0.5
45 4.5 10 0.35
30 52 9 0.15J
47 52 9 0.1»

100 10 kc

0.93 2’ 15 14 1.0
30 0.5 25 10 5
50 0.5 6
15 0.5 4

50 0.5 6
35 0.5 8

10 0.2* 25 10 0.2
20 24
20 1

20 
0.925 4 20 7 4
0.960 4 20 7 5
0.975 1 1 | 8
0.980 | 1 1 6

3 50
| 90

30 —5 6 40 1
| 25 2

44 2.5
64 3
81 3.3

20-34 <10 16
35-49 <10 16
10-19 1 |
50-99 | <12

100-199 <10 <12
50-99 16
50-99

100-999

20-34 <15 <24 <50 >0.5
>50 <10 16 >1.0

80-140 | <29
>50 <10 1 >1.5
>10 <20 | >3

10-34 
>15 6 16 0.5
>20 | | 3.0

35-49 <10 <50 >0.7
20-80 <25

Sixth Annual

Transistor

Data Chart

THIS YEAR S data chart has been designed as a 
quick and comprehensive reference for the trans-

sistor circuit designer. Only the most significant chai
acteristics have been tabulated in an effort to keep the
chart within reasonable proportions. Each transistor.
operating characteristics depends on a particular cii
cuit used, the frequency of operation, the temperature
and other conditions so that the operating character
istics given are tvpical ones, usually for the grounded

Transistors are grouped into four categories accorc
ing to principal use.

Audio and high frequency types—these are fo
the most part general purpose types.

Low level switching types—low power device
for signal circuits are included here. Currents of
amp or better are included under Power type
Switching characteristics such as rise time, fall time
and storage time in addition to other factors whit
are important to switching are tabulated.

Power types—devices having a collector dissipi
tion of one watt or greater are included here. Tran
sistors for switching substantial currents are include
in this section. Thus the compilation contains audi
output, servo, and switch devices.

Special tvpes—photo transistors. umjunctio
units, etc. are found in this section. Not include!
are controlled switching rectifiers. As three termini
devices they might be considered transistors
since operating characteristics do not fall into
chart conveniently, they are not tabulated.
Transistors made by a single manufacturer

grouped together within the main categories. T
type number is generally used to classify transiste
within each manufacturer’s grouping. However, th
did not always seem the best arrangement and if
grouping by similar fabrication type, power, or h
rating seemed better, this scheme was followed.

A total of about 612 different tvpes of transiste
are available this year as compared to about 430 1®

July 9, 195
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Audio and High Frequency Transistors (cont.)

Contents
Manufacturer 

and Type
Class and 
Application

Wc 
(mw)

Maximum Ratings
T| (a)mw/C Ve lc
(C) (b) C/mw(volts) (ma)

Characteristics
hf. or I« NF Ce fco
hfb (ga) (db) (mm*) (Mg)

Introduction to Data Chart

Symbology for Transistors 

Typical Amplifier Equations 

Audio and High Frequency Transistors 

Switching Transistors 

Power Transistors

Special Transistors 

Transistor Cross Index

Choosing the Proper Transistor Circuit Battery

as il 
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ccor¿

^ear. One important development of the year has been 
the further trend toward coordination of types be
tween manufacturers. Probably this trend will con
nnue in the coming years as designs become stabilized.

We »have not included foreign types this year. To 
Hate, sales of foreign transistors has been negligible. 
U.S.A, types are generally better for the price. (Japa
nese transistors are not available to American buyers.) 
I Footnotes are used throughout to add pertinent in- 
lormation or distinctions that might be of interest. 
Unless otherwise described, the transistor is a ger- 
jnanium type and classed according to the following 
ibbreviations:

.re foi

[evictl 
:s of 11 

type
1 finit 
whiq

AJ = alloy junction 
GJ = grown junction 
DJ = diffused 
FJ = fused

SBT = surface base
PC — point contact
MAJ = micro-alloy junction
Si — silicon

General Transistor Corp., (cont.)

GT222 p-n-p, AJ, audio I 125 85 2.0(a) I >10 <20 30 0

GT761R p-n-p, AJ, rf-if I 90 75 1.8(a) —10 >30 6 14 >7.0 15

GT762R p-n-p, AJ, rf-if 1 >60 >15

GT792R n-p-n, AJ, rf-if 5-7 130

GT948R n-p-n, AJ, rf-if 3-5 120

2N43 p-n-p, AJ, audio I 150 100 2.0(a) —45 I >32 1-15 11-33 30-50 0.5-2.5

2N43A1 p-n-p, AJ, Ind. 1 30-66 <10 20 <50 >0.75

2N44 p-n-p, AJ, audio I 16-32 1-15 11 -33 30-50 0.5-2.5

2N45 p-n-p, AJ, audio I 9-16 1-15 11 -33 30-50 0.5-2.5

2N5296 p-n-p, AJ, comp. I 100 85 2.0(a) —15 <5 14 14 2.5

2N53O p-n-p, AJ, comp. 1 1 1 1 1 1 3.0

2N531 p-n-p, AJ, comp. 1 100 85 2.0(a) —15 <5 14 14 3.5

2NS32 p-n-p, AJ, comp. 4.0

2N533 p-n-p, AJ, comp. 4.5

2N563 p-n-p, AJ, audio 1 150 2.5(a) —30 25 16 30

2N564 p-n-p, AJ, audio I 120 2.0(a) 1 1 1

2N565 p-n-p, AJ, audio I 150 85 2.5(a) —30 I 55 <5 16 30

2N566 p-n-p, AJ, audio I 120 2.0(a) I 1
2N567 p-n-p, AJ, audio I 150 2.5(a) I 100

2N568 p-n-p, AJ, audio 120 2.0(a)

2N569 p-n-p, AJ, audio I 150 2.5(a) I 150

2N57O p-n-p, AJ, audio I 120 85 2.0(a) —30 150 <5 16 30

2N971 p-n-p, AJ, audio I 150 2.5(a) 1 200 1

2N572 p-n-p, AJ, audio I 120 2.0(a) 1 I J

2N6O5 p-n-p, drift, amp. ok., conv. I 120 85 2.0(a) —15 1 40 <10 16 <7 150

2N6O6 p-n-p, drift, amp. ok., conv.
1 I 60 1 1 160

2N607 p-n-p, drift, amp. ok., conv. —15 I 80 <10 16 <7 180

2N6O8 p-n-p, drift, amp. ok., conv. I 120 1 1 200

iissipa 
Tran 

elude 
audi

mctioi 
eludei 
rmiiJ

Not all explanatory notes are included as the chart 
kould become too unwieldy. Manufacturers data 
hould be consulted before selecting transistors.

Ratings depend on testing conditions. Because there 
be few or no standards in the industry, the reader 
bust not assume that he can accurately compare one 
manufacturer’s transistors with another’s on the basis 
bf published data.
I For an additional copy of this chart, turn to the 
header-Service card and circle 100.

Hughes Aircraft Co», 
Los Angeles 45, Calif.

HA5O11 n-p-n, AJ, amp. 400 70 9.0(a) 40 1 50 6 15

HA5O16 n-p-n, AJ, amp. 30
I 40 4 1

HA5002 n-p-n, AJ, amp. 20 6 16

HA5OO3 n-p-n, AJ, amp. 30 50 15

HA5OO5 n-p-n, AJ, amp. 10
I 20

7

Industro Transistor Corp.
Long Island City 6, N. Y.

15

20

I 

0.5

1

0.5

200

rs
ito

bn

2N359 
2N36O 
2N361
2N362 
2N363

p-n-p, AJ, audio radio 

p-n-p, AJ, audio radio 

p-n-p, AJ, audio radio 

p-n-p, AJ, audio radio 

p-n-p, A J, audio radio

150 85 0.36”(b)

0.35”(b)

0.36"(b)

—20

—30

—20

—40

er al

s. TH 
isistor 
ïr, tM 
id if

1.
is istori
¡30 las

k Collector Dissipation at 25 C 11. with heat sink 0.15 c/mw
0t Icbo 12. grounded base

3. Gt Fcoo 13. same type flexible leads
k go nt 25 C (vc = 5 v) a. collector to base volts —12
5. Mw'sat25C b. collector to base volts —25
° Symmetry pairs (npn) c. collector to base volts —30
7 oiso 2N35
B- Military

d. 2 transistor push-pull
14. matched pair

5. at 270 cps 15. push-pull
r * th heat sink 0.18 c/mw 16. maximum frequency of oscillation

TR764 
2N413 
2N414 
2N416 
2N417

p-n-p, AJ, hf gen pur 

p-n-p, AJ, hf gen pur 

p-n-p, AJ, hf gen pur 

p-n-p, AJ, hf gen pur 

p-n-p, AJ, hf gen pur

150 85 0.4’°(b) —20

—18

—15

—12

—10

150

150
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2N422 
2N464 
2N465 
2N466
2N467

p-n-p, AJ, audio 

p-n-p, AJ, audio 

p-n-p, AJ, audio 

p-n-p, AJ, audio 

p-n-p, AJ, audio

150 85 0.36(b) 
ii

—20

—30

—20

—15

150

150» 

100»

70»

120» 

50»

200» 

25» 

40» 

60» 

80»

90

22

45

90

180

5

5

5

2

2

2

5

12

12

14

14

25

2.5

7

10

20

iii
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ELECTRONIC DESIGN

Audio and High Frequency (cont.)
Maximum Ratings Characteristics

Manufacturer Class and
and Type Application

Wc Tj (a) mw/C Vc lc
(mw) (C) (b) C/mw(volts) (ma)

hf« Of ko NF GCOe Lo 
hfb (jua) (db) (mmO (Me)

Industro Transistor Corp, (cont.) 
Long Island City, N. Y.

2N481 p-n-p, AJ, rf radio

2NAS2 p-n-p, AJ, rf radio

2N483 p-n-p, AJ, rf radio

2N4S5 p-n-p, AJ, rf radio

2N486 p-n-p, AJ, rf radio *

2N519 p-n-p, AJ, hf gen pur

2NS20 p-n-p, AJ, hf gen pur

2NS21 p-n-p, AJ, hf gen pur
2N522 p-n-p, AJ, hf gen pur

2N523 p-n-p, AJ, hf gen pur

TR81 p-n-p, AJ, audio

TR722 p-n-p, AJ, audio

Motorola, Inc., Semiconductor 
Prod. Div., Phoenix, Arizona

2N464 p-n-p, AJ, audio

2N465 p-n-p, AJ, audio

2N466 p-n-p, AJ, audio

2N467 p-n-p, AJ, audio

2N65O p-n-p, AJ, audio

2N651 p-n-p, AJ, audio

2N652 p-n-p, AJ, audio

2N6S3 p-n-p, AJ, audio

2N6S4 p-n-p, AJ, audio

2N65S p-n-p, AJ, audio

Philco Corp., Lansdale, Pa.

2N2O7 p-n-p, AJ, aud. amp.

2N2O7A p-n-p, AJ, aud. amp.

2N2O7B p-n-p, AJ, aud amp.

2N535 p-n-p, AJ, amp.

2N223 p-n-p, AJ, audio driver

2N224'4 p-n-p, AJ, audio out.

2N226'4 p-n-p, AJ, aud. out.

2 N12 8 p-n-p, Sbt, rf, if video

2N499 P-n-p, Madt, rf, o»c amp.

2N5OO p-n-p, Madt, uhf osc.

2N5O2 p-n-p, Madt, vhf amp.

2N344 p-n-p, Sbt, hf

2N34S p-n-p, Sbt, hf

2N346 p-n-p, Sbt, hf

2N299 p-n-p, Sbt, hf tuned amp.

2N3OO P-n-p, Sbt, Video amp.

2N5O3 p-n-p, Madt, vhf amp.

2N5O4 p-n-p, Madt, if amp.

2NS88 p-n-p, Madt, osc., vhf amp.

RCA, Somerville, N. J.

2N 104,2IS13 p-n-p, AJ, amp.

2N1OS p-n-p, AJ, amp.

2N109,217'3 p-n-p, AJ, Ige. sig. amp.

2N 175,220” p-n-p, AJ, amp.

2N206 p-n-p, AJ, amp.

2N270 p-n-p, AJ, Ige. sig. amp.

2N40S,406” p-n-p, AJ, driv., amp.

2N407,408” p-n-p, AJ, Ige. sig. amp.

150 85 0.4'°(b) —12 150

150 85 —15 150

—12

—10

—8

—6

150 85 0.36"(b) —22 150
1 1 1 -25 1

150 85 2.5(a) —45 100
1 

—35
1

200 100 2.8(a) —45 250

200 100 2.8(a) —45 250

—45

—30 
1

50 65 0.8(b) 12 20

85 20

200 65 0.2(b) 18 150
250 75 1 25 1

250 75 0.2(b) 30 150

25 85 0.75(b) 10 5

75 85 0.8(b) 30 50
1 20

60 1 1(b)

20 55 0.75(b) 5 5

20 55 0.75(b) 5 5

40 85 7 20
60 1 1(b) 20 50

50 85 35 50

80 20 18

150 85 —30 —50

60 —25 —15
150 j —70

50 —10 —2

75 50 —30 —50

250 85 —25 —150
150 I —12 —70

1 1 -20 j

2 12 2.5

4

4

8

8

25 5 14 0.5

40 0.3

70 0.8

120 15

200 21

200 5 12
22 1 1

26” 6 22 20 700 kc

15 800 kc

90 1

180 1.2
40 15 10 2

75 15 10 20 2.5

160 3

40 2

75 2.5

160 3

100 15 2

10

10

10

95 20 90

25 125 0.5

25 140 0.4

35 0.7 9 3 65”

15 5 1.3 320’«

25 1
1 5 1 500'«

22 3 3 50'«

35 3 3 50'*

30 0.7 75'«
1 8 105'«

16 1 1

10 5 1

16 10 1.7 50'«

15 15 200

41 — 10”° 6.5 22.8 0.7

55 — 7”a 7.5 12.4 0.75

75 —14”b

65 —12»b 6 25 0.85

47 —10”' 9 0.78

70 —16

35 —14”o 0.65

I 65 1

THE BASIC Symbols for transistor electrical 
quantities comprise a combination of lower 

case and capital letters. For example, instantane
ous signal values use lower-case symbols and 
lower-case subscripts, whereas the instantaneous 
total values use lower-case symbols and capita] 
subscripts. Likewise, rms, limit, or effective van 
ing component values may be identified by cap] 
talized symbols with lower-case subscripts, and 
the average or de value by capitalized symbols 
and subscripts.

Values at specified limiting conditions take the 
symbols for the corresponding rms value and add 
an extra subscript to identify the specific condi 
tion. For example, the negative-limit value foi 
the base voltage is written as Vbn. Tables for the 
significant transistor voltages are included in 
Table I, and currents in Table II.

The symbols for the electrical parameters are 
made up in a somewhat similar fashion. The 
recognized families of parameter symbols in
clude the hybrid, or h symbols, the admittance 
or y symbols, the current gain, or a (alpha) sym 
bols, and the equivalent tee, or R symbols. In ac 
cordance with electrical engineering practice, 
both the z and y parameters may be taken as 
phasor quantities according to the equations:

z = r + /x 
y = g + jb

Because of these standard and accepted forms 
for impedance and admittance components, the 
selection of g to represent the inverse h parame 
ters appears to be contrary to good usage. Rea 
sons for not using g symbols to represent inverse 
h parameters include the use, for many years, oi 
g parameters on transistor data sheets, notabh 
by RCA, for conductance components, and the 
general use of the g symbol for conductance with 
such active devices as tubes.

The subscripts which indicate the specific re
lation, input, forward, reverse, or output immit
tance (an immittance may be an impedance, ai
admittance, or a numerical ratio of two imped
anees or admittances) have been changed by th
IRE from the 11, 21, 12, and 22 subscripts com
monly used in physics for many years to I
more descriptive i, f, r, and o, respectively. Thes
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and High Frequency Transistors (cont.)Audioransistors
Class and 

Application

Maximum Ratings
Wc Tj (a)mw/C Ve lc 
mw) (C) (b) C mw (volts) (ma)

Characteristics 
hfe or Lo NF Ce 

hfb (mg) (db) (mmO (Me)

allistic Research Laboratories 
bcrdeen Proving Ground, Md.
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symbols are simpler than the old number sym
bols, and have proven to be entirely satisfactory. 
One additional specific relation is often conven
ient, since it helps in the removal of the dif
ferencing of two products. It is represented by 
the subscript c, and is defined by the relation:

lc i I 
nmit| 
e, al 
ipedj 

y 
com

yi = yt y0 — yf yr
As a result, a simple relation exists between one 
of the h parameters and the ye parameter:

h0 = yc

The subscripts associated with small-signal pa
rameters always use lower-case letters. The first 
letter indicates the specific immittance relation, 
and the second letter, if used, indicates the cir
cuit configuration under which the parameter 
should be measured. In this application, an e sub
script indicates that the grounded emitter con- 

Ifiguration is used for measurement, b—the 
grounded base, and c—the grounded collector, 
i The relations between these various parameters 
lure indicated in the conversion tables in the list 
lof parameter relations.

, The number subscripts, 11, 12, 21, and 22, still 
■may be used for the designation of immittances, 
■but the use of the i, f, r, o, and c symbols is more 
practical since they convey the same information 
land require writing fewer symbols. In either 
Ease, a configuration subscript symbol may be re- 
(uired after the specific immittance symbol or 
ymbols to make the equations clear.
Considerable confusion has arisen in the field Ef transistor parameters as a result of the failure 

o designate the configuration used for the meas- 
irement. Since the trend for several years has 

justifiably been toward the use of the common 
fcmitter configuration as a reference, it is sug- 
Kestcd that the configuration symbol be omitted 
Bvhen the data are measured for a grounded emit
ter circuit, and included when the measure- 
Bnents are for either grounded base or grounded 
Bm’tter circuits.

"1 he following three tables show the suggested 
yi hols for use by design engineers for voltage, 
ui ent, and immittance symbols. They conform 
vita IRE symbols insofar as possible, but pro- 
k additional symbols which have proven use-

Manufacturer 
and Type

RCA, Somerville, N. J. (cont.)

2N 139,218” p-n-p, AJ, if amp.

2N140,219” p-n-p, AJ, conv.

2N409,410” p-n-p, AJ, if amp.

2N411,412” p-n-p, AJ, conv.

2N247 p-n-p, AJ, Drift

2N274 p-n-p, AJ, Drift, rf amp.

2N37O p-n-p, AJ, Drift, rf amp.

2N371 p-n-p, AJ, Drift, rf osc.

2N372 p-n-p, AJ, Drift, Mixer

2N384 p-n-p, AJ, Drift, rf amp.

2N544 p-n-p, AJ, Drift

Raytheon Mfg. Co., Newton, Mass.

2N359 p-n-p, AJ, audio

2N36O p-n-p, AJ, audio

2N361 p-n-p, AJ, audio

CK13 p-n-p, AJ, rf amp.

CK14 p-n-p, AJ, rf amp.

CK16 p-n-p, AJ, rf amp.

CK1 7 p-n-p, AJ, rf amp.

CK64 p-n-p, AJ, audio

CK65 p-n-p, AJ, audio

CK66 p-n-p, AJ, audio

CK67 p-n-p, AJ, audio

CK22 p-n-p, AJ, audio preamp.

2N330A p-n-p, AJ, Si, lo noise

2N622 p-n-p, AJ, Si, lo noise

2N362 p-n-p, AJ, audio

2N363 p-n-p, AJ, audio

2N481 p-n-p, AJ, portable radio

2N482 p-n-p, AJ, portable radio

2N483 p-n-p, AJ, portable radio

2N484 p-n-p, AJ, portable radio

2N485 p-n-p, AJ, portable radio

2N486 p-n-p, AJ, radio ckts.

2N487 p-n-p, AJ, radio ckts.

2N631 p-n-p, AJ, audio

2N632 p-n-p, AJ,AJ, audio

2N633 p-n-p, AJ, audio

Sprague Electric Co., North Adams, Mass.
2N345 p-n-p, Sbt, hf

2N346 p-n-p, Sbt, hf

2N128 p-n-p, Sbt, rf-if video

2N344 p-n-p, Sbt, hf

Sylvania Electric Products, Inc., 
Woburn, Mass.

2N233A n-p-n, AJ, if amp.

2NS1S n-p-n, AJ, hf

2NS16 n-p-n, AJ, hf

2N517 n-p-n, AJ, hf
2N214 n-p-n, AJ, audio out.

80 I —16—15
Il II

80 —12 —15 I

1 -’3 1

80 85

80 85 —35 —10

Il T 1
80 85 —20 —10
120 —30 1

80 —18 —10

165 85 0.36(b) —45 —200 |

80 85 0.75(b) —30
Illi

80 85 0.75(b) —30 —200
1

—35 —100

80 85 0.75(b) —35 —100
1 1 1 1 1

380 160 0.35(b) —50 —50
1 1 1 1 1

165 85 0.36(b) —20 —100

165 85 0.36(b) —40 —100

150 0.4 (b) —12 —20

—10

15 85 0.4(b) —12 —10
1 III

165 0.36(b) —25 —50
1 1 - 1

20 55 0.75(b) —5 5

25 85 —10
20 55 —5 1

. 50 75 1.0(a) 18
Ü 50 75 18 10

1 1 1
180 3.6(a) 25 100

48 — 6”° 6.8
75 1 ”a 10

48 —10”° 31
75 1 ”° 32

60 —20’ 30

60 —20’ 30

60 —20 30
1 —16 100

60 —4’ 30

150 —10

100 
70 1

30 —2 7 12 2.5
60 1 6 1 7

80 —2 4 12 10
140 I 1 1 18
22.5 1 22 800 kc

45 I lOOOkc
90 1 1200kc

180 —2 22 1500kc
190 1 6.5 1200kc

25 0.005 8 70 500 kc
25 1 1 1 1

100 —10

50 —10

10 max
I 50 10-14 3.5

60 I 5.5
J 90 1 10

I 50 12 7.5

I 100 —3 12 12

—3 1 10
I 150 —10 1.2

1100 I 1

1 60 1 0.8

I 35 3 3 50

I 30 0.7 1 75

I 35 0.7 9 3 65

I 22 3 3 50

5 50 122
I 7.5 2.5 11 3

50 10 kc
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Audio and High Frequency (conf.)

Table I. Voltages
11 Conditions Base Collector Emitter In 0«

V,

*b V V

200011

10 1250

V
11

600 kc

10 kc

1250

2000

1250

600

2

5

2

Vb 
Vb

Ve 
Ve

V8

v ’em
Vee

y• ez
V’ ea
Ave

V8Z
V8a

Ava

V1 cz
Vea

Av

Vbn V1 sn

Vbp

VsM

Vs

V•ep

is

V1 en

V• sp

V•cn

V1 cp

Manufacturer 
and Type

Class and 
Application

Sylvania Elec. Prod., Woburn, Mass.
2N228 
2N94 
2N94A
2N193 
2N229

n-p-n 

n-p-n 

n-p-n 

n-p-n 

n-p-n

AJ, audio out.

AJ, if amp.

AJ, hf 

AJ, OSC. 

AJ, gen. pur.

2N306 n-p-n AJ, audio dr.

2N34 p-n-p AJ, audio dr.

2N35 n-p-n AJ, audio dr.

2N213 n-p-n AJ, audio dr.

2N194 n-p-n AJ, mixer

2N211 n-p-n AJ, osc.

2N212 n-p-n AJ, conv.

2N216 n-p-n AJ, if amp.

2N233 n-p-n AJ, hf

2N37O p-n-p Drift, hi-freq.

2N372 p-n-p Drift, hi-freq.

2N247 p-n-p Drift, hi-freq.

2N544 p-n-p Drift, hi-freq.

2N624 p-n-p DJ, hi-freq.

Toxas Instruments Inc., Dallas, Texas
2N185 p-n-p AJ, audio amp.

2N238 p-n-p AJ, audio amp.

2N291 p-n-p AJ, audio amp.

2N368 p-n-p AJ, gen. pur.

2N369 p-n-p AJ, gen. pur.

2N68O p-n-p AJ, audio amp.

2N117 n-p-n grown, Si, gen. pur.

2N118 n-p-n grown, Si, gen. pur.

2N1ISA n-p-n grown, Si, gen. pur.

2N119 n-p-n grown, Si, gen. pur.

2N12O n-p-n grown, Si, gen. pur.

2N248 p-n-p Diff., hi-freq.

3N25 p-n-p Diff., hi-freq.

2N14S n-p-n grown, 455 kc if

2N146 n-p-n grown, 455 kc if

2N147 n-p-n grown, 455 kc if

2N2S3 n-p-n grown, 455 kc if

2N254 n-p-n grown, 455 kc if

2N172 n-p-n grown, radio conv.

2N252 p-n-p grown, radio conv.

2N3O8 p-n-p grown, 455 kc if

2N3O9 p-n-p grown, 455 kc if

2N31O p-n-p grown, radio refl.

Transitron Electronic Corp.,
Wakefield, Mass.

2N117 n-p-n, Diffused, Si

2N118 n-p-n, Diffused, Si

2N118A n-p-n, Diffused, Si

2N119 n-p-n, Diffused, Si

ST9O3 n-p-n, Diffused, Si

ST904 n-p-n, Diffused, Si

2N332 n-p-n, Diffused, Si2

2N333 n-p-n, Diffused, Si

2N334 n-p-n, Diffused, Si

2N335 n-p-n, Diffused, Si

2N336 n-p-n, Diffused, Si

Maximum Ratings
T j (a)mw/C V e Ic hf. or lco

(mw) (C) (b) C/mw(volts) (ma) hrb (mo)

50 75 1(a) 4() 70 50

20 50 7.5
20 1 2 5

18 7.5

6 40 15 100

50 7 5 K a) 15 7 5 50

150 3(a) — 25 100
1 25

85 2.5(a) 25 300

50 75 1 (a) 18 50 8

50 75 1(a) 12 50 10 20

18 20 50

10 7.5

10 50 4.5

80 85 35 — ).5 90 15

—20 100

35 —1.0 60 25
— 18 90 J

100 100 1.3(a) —30 25 30

150 75 —20 —150 70 8

50 ! 55
180 85 0.25(b) — 25 —200 45 10
150 75 0.33(b) —30 —50 36 7

1 55 7

150 75 0.33(b) —20 —50 3 5 3

175 45 2 5 0.925 2

0.96

0.975

150 175 45 2 5 0.98 2
1 0.99 1

30 85 —25 -5 20 5

25 75 —15 --2 65 1 0

é 5 7 5 0.7'(b) 20 5 1 5 0 .2

6 5 7 5 0.7 (b) 1 6 5 1 5 0 .2

30 —16 -5 20 5

Characteristics
NF Cc feo 
(db) (mmT) (Me)

ful to the writer. The third table may be con- 
verted from admittance to hybrid parameters by 
the substitution of an h for the corresponding 
values.

Instant, 
total 
No signal dc 
Instant, 
signal 
Maximum value 
varying 
component 
Rms value 
Value at peak 
positive bias 
Value at peak 
negative bias 
Value at cutoff 
bias 
Average value 
Total change 
Max. 
dissipation 
Supply voltage

Vbm

Vb

Vc 
VC

vs 
Vs

Vcm
Vc

Vem

Ve
V 
V

1 
t Ol 
trai 
i/o

to
ina 
spt 
ide 
sev 
use 
on( 
the 
cor

1200

2.5 100 ohm

50 ohm

Vss

TABLE II. Currents

Collector Emitter In
338 1.0

20 7

20 6

ep sp

6
cn 'on sn

cm em

—20 TABLE III. Conductance
—30

Conditions Input Forward Output

0.1150

Kg>p 9fi> 9<>p g< p
0.1

0.2 22 7

0.2 7150

Agj/4 Agf/4 Ag0/4 Agc/4

gr = reverse
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50 

200

175

150

30

30

20

20

25

20

25

3.0

2.5 

3

6 

Ó

5

8

28

45

60

100

20

19

1.2

1.1

8

10

11

9

1 1

10

13

■ca
Ai(

■sz
Isa

Ait

'ez 
lea 

Ai(

gfn 

9fa 
Agf

■CM
Ic

'EM
Ie

Ism 
Is

K 
Ka 

AN
175 45

175 45

15

30

50

60

16

31

14

vbz 
vba 
Avb

Vbm
Vbb

Vern
Vce

Conditions Base

Instant.
total •b
No signal dc Ib
Instant.
signal ib
Maximum value
varying
component Ibm

Rms value Ib

Value at peak
positive bias lbp

Value at peak
negative bias Ibn

Value at
cutoff bias l|)Z

Average value Iba

Total change Aib
Max.
dissipation Ibm

Instant, 
value* 
Static value 
Value at peak 
positive bias 
Value at peak 
negative bias 
Average value 
Total change 
Conversion 
gain

g<
gis

g in 

g 1 a 
Agi

•c 
Ic

■e 
Ie

■s 
Is

Modi
fied 

Output
Ampli

gr
gf s

go
g«> s

gc
g<s

K 
K

gon 
goa 
Ago

gen 
gca 
Agc



100 MC POWER AMPLIFIER

connected some

200 MC POWER AMPLIFIER

Collector Voltages to 35 V !Dissipation Up To 100 mw TUNING

t/n JETEC TO-9 Can' (widely known as JETEC 30 Case)

Make Philco your prime source of information 
for high frequency transistor applications.

Write to Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept. ED758

to identify 
inactive o

small-signal value of the for
ward-current transfer ratio 
under low-impedance output 
conditions.

frequency at which the mag
nitude of the forward-current 
transfer ratio (small-signal) 
under low impedance output 
is 0.707 of its low frequency 
value.

100 MC—200 MC OSCILLATOR

small-signal value of the in
put impedance under low- 
impedance output conditions

an electrode which

small-signal value of the out 
put impedance under open 
circuit input conditions.

(Continued on following page)

CIRCLE 380 ON READER-SERVICE CARD ►

capacitance measured across 
the output terminals with 
the input open-circuited to

Philco’s family of MADT transistors offers the designer a new 
dimension in very high frequency amplification and oscillation. 
These new transistors will provide amplification as high as 
1500 megacycles. MADT transistors have been successfully 
operated through the entire VHF military electronics spectrum. 
The accompanying circuit diagrams show typical 100 me and 
200 me amplifier layouts.

Due to their low rb' Cc product, Philco MADT transistors 
will oscillate at frequencies far in excess of fab. The 2N499 
produces a specified minimum of 25 mw output at 100 me. The 
2N500 will deliver 20 mw output at 200 me.

Mass production of these very unique transistors is possible 
through Philco’s exclusive electrochemical etching process. Due 
to the outstanding precision of this process, certain of these 
graded base transistors are manufactured with no intrinsic base 
region. This results in much lower power dissipation of the 
transistors in critical circuitry. A typical 100 me—200 me 
oscillator circuit is shown.

Ci (added symbol) = diffusion (or 
input) capacitance from base 
to emitter; the output is 

* short-circuited to ac.

Philco MADT» Transistors Assure Reliable Operation for Circuits 
With Collector Current Ratings As High As 50 ma... Power

static value of the forward
current transfer ratio under 
low-impedance output con
ditions.

specified manner, the electrode is 
identified by the symbol p. Where 
several possible symbols can be 
used for the same parameter, only 
one of the group is included, since 
the other forms may be found by 
consulting the reference.

static value of the output im
pedance under open-circuit 
input conditions.

The following list is a compila- 
t on of symbols and definitions ex- 
tr; cted from the IRE Standard 56 
ihE 28.S1. In each definition, only 
t • basic symbol, without a con
figuration subscript, is listed. 
Where a second symbol is required

1500 j-------- 1 
h^oo

static value of the input im 
pedance under low-imped 
ance output conditions.

3/4" diameter coils
■ I 4 TURNS «12 - 100 Me
1 It TURNS- «<0 - 200 Me
I u

FEEDBACK |00 M _ ^499 

it /-------- 200 Mc -2N5OO_ aching

OUTSTANDING
PERFORMANCE

for VHF Amplifiers / ■ ■ 

and Oscillators

PHILCO. CORPORATION
LANSDALE TUBE COMPANY DIVISION 

LANSDALE, PENNSYLVANIA

MADT FAMILY APPLICATIONS DATA

TYPE* Vm»»
Power 
Gain j

Oscillator 
Efflcioncy Clot» of Usa

2N499 ¿50 me a 
(min)

10 db at 1 
100 mcs

2N500 1 '■ ' 25% at 200 
mcs (min)

2N50I

2N5021

2N503t 12 db at 
100 mcs

2N504 M) mcs 46 db at
455 KC

I 2N5t< 200 mcs 13 db ut
(min) 50 mes
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Audio and High Frequency (cont.)
r = static value of the reverse volt

transfer ratio for open-circuit ii w

Manufacturer Class and
and Type Application

Maximum Ratings 
Wc Tj (a)mw/C Ve lc 

(mw) (C) (b) C mw(volts) (ma)

Characteristics
hfe or lco NF Cç feo r’b

hfb (/xa) (db) (upf) (Me)

Transitron Electronic Corp., (cont.) 
Wakefield, Mass.

2N48O n-p-n, Diffused, Si2

2N473 n-p-n, Diffused, Si

2N474 n-p-n, Diffused, Si

2N479 n-p-n, Diffused, Si

2N470 n-p-n, Diffused, Si

2N541 n-p-n, Diffused, Si

2N542 n-p-n, Diffused, Si

2N543 n-p-n, Diffused, Si

2N478 n-p-n, Diffused, Si

2N479 n-p-n, Diffused, Si

2N549 n-p-n, Diffused, Si

Tung-Sol Electric Inc., East Orange, N. J.
2N381 p-n-p, AJ, audio out.

2N382 p-n-p, AJ, audio out.

2N383 p-n-p, AJ, audio out.

2N460 p-n-p, AJ, audio

2 N461 • p-n-p, AJ, audio

2N413 p-n-p AJ, rf amp.

2N414 p-n-p, AJ, rf amp.

2N416 p-n-p, AJ, rf amp.

2N417 p-n-p, AJ, rf amp.

TS627 p-n-p, AJ, driver amp.

TS628 p-n-p, AJ, low-noise

TS629 p-n-p, AJ, driver amp.

Western Electric,3 
New York, N. Y.

2N5O9 p-n-p, Diffused, amp.

GA53194 p-n-p, Diffused, osc.

Westinghouse Electric Corp., 
Youngwood, Pa.

2N59 P-n-p, Fused, Class 8 audio

2N6O P-n-p, Fused, Class 8 audio

2N61 p-n-p, Fused, Class B audio

2N4O2 p-n-p, Fused, Class A audio driver

2N403 p-n-p, Fused, Class A audio out.

2N6O9 p-n-p, Fused, Class B audio out.

2N610 p-n-p, Fused, Class B audio out.

2N61 1 p-n-p, Fused, Class B audio out.

2N612 p-n-p, Fused, Class A audio driver

2N613 p-n-p, Fused, Class A audio out.

2N614 p-n-p, Fused, if amp.

2N61 5 p-n-p, Fused, if amp.

2N616 p-n-p, Fused, reflex amp.

2N617 p-n-p, Fused, conv. amp.

200 200 45

15

30

45

15

200 200 15

30

45

15

30 

5w 200 60

200 85 0.2(b) —25 200

100 —45 400

120 0.4(b) —30 200

120 85 200

150 85 0.33(b) —25 200
il i J 100

250 100 0.35(b) —30 40
II 1 1 30

180 85 0.003(a) —25 200

180 85 0.003(a) —25 200
1 

150 

200

150 85 0.0025(a) —25 100

60 0.2 19 7 11
30 20 10

16 22 8

130 0.02 19 7 15

60 11
| 0.04 130 4

50 10 50 1.2
75 I 1.5
100 1 1.8

0.960 15 9 1.2
0.980 | 9 |

30 5 7 12 3
60 | 6 | 5

80 5 4 12 10
140 | 5 | 20

80 20 1.5

0.992 10 9 1.2
0.985 15 |

15.5 1.2 2.5 750 55
14 2.5 | 600 80

95 10 1.8

65 1.5

50 1.1

20 0.6

30 0.85

95 20 1.8

65 1.5

50 1.1

20 0.6

30 0.85

.97 —3 6 3.5

.98 7
.985 8

.987 9

1. Collector Dissipation at 25 C 8. Military 13. b. collector to base volts —25
2. at Icbo 9. at 270 cps c. collector to base volts —30
3. at Fcoe 10. with heat sink 0.18 c/mw d. 2 transistor push-pull
4. Ma at 25 C (vc = 5 v) 11. with heat sink 0.15 c/mw 14. matched pair
5. Mw'j at 25 C 1 2. grounded base 15. push-pull
6.
7.

Symmetry pairs (n-p-n) 
also 2N35

13. same type flexible leads 
a. collector to base volts —1 2

16. maximum frequency of oscillation

hr = small-signal value of the reverse \ )](.
age transfer ratio for open-circuit h
put conditions.

Im,, = base current when the base is bi; sed
in the high-impedance direction itfc
respect to the given reference t l^.
trode; the remaining electrode a jj
open-circuited with respect to dc.

I Mg — base current when the base is biasec
in the high-impedance direction witl
respect to the given reference elec.
trode; the remaining electrode a j
short-circuited with respect to dc.

Imo = collector current when collector ¡¡
biased in the high-impedance directioi
with respect to the given reference
electrode; the remaining electrode a i
open-circuited with respect to dc.

biased in the high-impedance directior
with respect to the given reference
electrode; the remaining electrode u i
short-circuited with respect to dc.

Luo = emitter current when emitter is biasec
in the high-impedance direction
respect to the given reference
trode; the remaining electrode
open-circuited with respect to dc.

Im8 = emitter current when emitter is biased
in the high-impedance direction with
respect to the given reference elec
trode; the remaining electrode a is
short-circuited with respect to dc.

— base spreading resistance—resistance

the active area of the base region.
td = ohmic delay time—time interval be

tween the rise of a pulse applied at th
input terminals and the rise of the out
put pulse generated by minority car

= storage time—time interval between th
start of the decay of a pulse applied al
the input terminals and the start of th
decay of the output pulse generated h
the minority carriers.

V/jup = floating potential; open-circuit direct
voltage between base and reference

biased in the high-impedance

Vcpr = floating potential; open-circuit
voltage between the collector and ref
erence electrode when the electrode u
is biased in the high-impedance direc

VkUf = floating potential; open-circuit dc volt
age between emitter and reference
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electrode when the electrode |i is 
biased in high-impedance direction.

g Wfjv = breakdown voltage between the base 
and reference electrode.

rp0 = breakdown voltage between the col
lector and the reference electrode.

B\ — breakdown voltage between the emit-

tier 

mee 
H is

asee

-vit 

dee 

a is

asee 
wit 
dec-

ance
an(

irect 
enct 
p is 
irec-

ter and the reference electrode.
y,. = modified output admittance with high 

input impedance.
y, = forward transfer admittance with low 

output impedance.
iji ~ input admittance with low output im

pedance.
y„ — output admittance with low input im

pedance.
r/, — reverse transfer admittance, low input 

impedance.
zf — forward transfer impedance with high 

output impedance.
Zi = input impedance with high output im

pedance.
z„ — output impedance with high input im

pedance.
zr = reverse transfer impedance with high 

input impedance.
The g components of y parameters are fre
quently used rather than the y parameters, since 
often the susceptance component may be neg
lected. In that case, yc, yf, y,, y0 and yr are re
placed with gc, gf, gt, g0, and gr respectively.

Parameter Conversion Tables
Literature over the years in the transistor 

field has been written in a mixture of early 
network parameters and later IRE designations. 
The problem is further complicated by the use 
of impedance, admittance, and hybrid parame
ters. The following tables are included in this 
issue to facilitate easy conversion from one sys
tem to another. See figs. 1-5.
Any of these symbols may carry an additional 

le, b, or c subscript to designate the configura- 
I tion in which the transistor is operated. The only 
I exceptions are hfb and hfe, which already have 
I the additional subscripts.
I Admittance parameters may be represented by 
I conductance parameters at low frequencies.
I All h and y parameters are grounded emitters 
I unless otherwise noted.
I The primed conductances are those which would 
Ihe observed at the active region in the transistor 
I aft( r correction for base spreading resistance.

In all the above tables, yit tyf, yc, and y0, may be 
■replaced by the corresponding g functions, g„ gf, 
■&• tnd go, respectively except when capacitance 
pfl cts are important.

dditional parameter relations may be 
|foi ad for h, z, and r parameters in the 1957 Data

y oit l( 1 U t.

•enct fl (Continued on page XIII)

More power for its size 

than any other transistor

Honeywell 

Power

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 
power transistors is your best answer.

Honeywell stud-mounted transistors combine 
smaller size per power output with greater flexi
bility and interchangeability. Stud mounting is ideal 
for printed circuit techniques.

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.

For complete information on these and other 
Honeywell Transistors, contact your nearest Honey
well Representative below, or Minneapolis-Honey
well Semiconductor Products Division, Dept. ED- 
7-114, Minneapolis 8, Minnesota.

UNION, N.J.
MUrdock 8-9000

CHICAGO
IRving 8-9266

BOSTON
ALgonquin 4-8730

LOS ANGELES 
RAymond 3-6611 or 
PArkview 8-7311

CIRCLE 381

Honeywell stud-mounted 2N539 transistors make this 48-watt, 
14 ounce D. C. Power Converter more compact than any other.

EXCERPTS FROM 2N540 SPECIFICATIONS

Symbol Conditions Min. Typ. Max. Unit

Hfe IC = —2a, VCE = —2V 45 64 113

Vbe IC = —2a, VCE = — 2V —0.75 — 1.3 — 1.88 Volt

e 1.7 2.2 °C/W

T (Thermal time response) 10 30 Ms

Icbo IE = 0, VCB = — 2V —0.04 —0.1 Ma

— 28V —0.1 — 1.0

— 60V —0.3 — 2.0

—80V —0.6 — 10

Vebf Reb = 10K, Vcb = —60V —0.1 —0.3 Volt

—80V —0.4 — 1.5

vs Ic = —2a, Ib = —200ma —0.15 -0.6 Volt

Complete specifications available on request for 2N538, 2N538A 
(formerly H5), 2N539, 2N539A (formerly H6), 2N540 and 2N540A 
(formerly H7)s also specifications for the largest transistors made, the 
2N574, 2N574A, 2N575 and 2N575A

Honeywell

ON READER-SERVICE CARD
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Manufacturer Class and
and Type Application

itching Transistors, Low
Maximum Ratings

We Tj (am)w/C Ve lc 
(mw) (C) (b) C/mw(volts) (ma)

Level
Characteristics

hfe Of Uo NF Cc feo r'b
hfb (mg) (db) (mmO (Me)

Switching

Stor-
Rise age Fall Sat. Leak Beta Manufacturer
Time Time Time Volt Cur. (a)hFE and Type 

(ms) (ms) (ms) (V) (mo) (b)hfe__________
Manu 

one

CBS Hytron, Lowell, Mass.
2N438 n-p-n, AJ

Ä 2N439 n-p-n, AJ
■ 2N44O n-p-n, AJ

2N3S6 n-p-n, AJ

2N357 n-p-n, AJ

2N358 n-p-n, AJ

2N377 n-p-n, AJ

2N385 n-p-n, AJ
■ 2N388 n-p-n, AJ

General Electric Co., 
M Syracuse, N. Y.

2N394 p-n-p, AJ, sw.

2N395 p-n-p, AJ, sw.

2N396 p-n-p, AJ, sw.
2N397 p-n-p, AJ, sw.

2N45O p-n-p, AJ, sw.

2NS18 p-n-p, AJ, sw.

■ 2N332 n-p-n, GJ5, amp, Si, sw.

• 2N333 n-p-n, GJ5, amp, Si, sw.

2N33S n-p-n, GJ5, amp, Si, sw.

2N4S2 n-p-n, DJ, Si, sw.

2N634 n-p-n, AJ, sw.

2N63S n-p-n, AJ, sw.
2N636 n-p-n, AJ, sw.

General Transistor Corp., 
Jamaica, N. Y.

2N311 p-n-p, AJ, lo-speed sw.

2N312 n-p-n, AJ, lo-speed sw.

2N315 p-n-p, AJ, comp. sw.

2N316 p-n-p, AJ, comp. sw.
2N317 p-n-p, AJ, comp. sw.

2N356 n-p-n, AJ, comp. sw.

2N3S7 n-p-n, AJ, comp. sw.

2N358 n-p-n, AJ, comp. sw.

2N444 n-p-n, AJ, comp. sw.

2N445 n-p-n, AJ, comp. sw.

2N446 n-p-n, AJ, comp. sw.

2N447 n-p-n, AJ, comp. sw.

2N519 p-n-p, AJ, comp. sw.
2N52O p-n-p, AJ, comp. sw.

2N521 p-n-p, AJ, comp. sw.

2N522 p-n-p, AJ, comp. sw.

2N523 p-n-p, AJ, comp. sw.

2N592 p-n-p, AJ, bi-lateral, sw.

2N593 p-n-p, AJ, bi-lateral, sw.

2N594 n-p-n, AJ, bi-lateral, sw.

2N595 n-p-n, AJ, bi-lateral, sw.

H 2N596 n-p-n, AJ, bi-lateral, sw.

H GT34S p-n-p, AJ, bi-directional

GT1 23 p-n-p, AJ, sw.

H GT 153 p-n-p, AJ, sw.

M 2N6O2 p-n-p, Drift, sw. comp.

H 2N6O3 p-n-p, Drift, sw. comp.

■ 2N6O4 p-n-p, Drift, sw. comp.

1

100 85 2.0(a) 30

20v 500
1 1

100 85 2.0(a) 20v 500

150 100 25v 200

150 100 2.5(a) —10 —200

—20 

—10 —250 

85 —20 —125

150 85 2.5(a) —45 —125
200 1(a) 25

85 150 65 5

150 85 2.5(a) 20 300

100 85 1.67(a) 15
1 

20

100 85 2(a) 20

1.67(a) 15
1 1

100 85 1.67(a) 15

100 85 1.67(a) 15

125 2 (a) 20

(a) 30

100 1.67(a) 20

100 85 1.67(a) 15
1 io

125 2 (a) 40

100 1.67(a) 20
| 30

120 2.0(a) 20

2.0(a) 30

2.0(a) 30

25 1.5 10 4 180
35 I I 8 220
65 | | 12 300

3 14 3
1 6

3 14 9

6 15 5
1 6
1 15 8

—6 12 5.5 150

7 130
| 140

10 160

7

—6 12 10

15 .04 28 7 30
35 1 23 1 33
50 | 20 | 38

50 400 kc

5 8
1 :

<60
1

<2 14 5
1 1 '2

1 20

30 <5 14 3
45 1 6

9

<6 16 13 >0.5 140
| | | >2 150

<6 16 13 >5 180
| | >9 220

<2 14 >0.5 75
1 >3 100

| 1 >8 150

<2 16 14 >15 200
| | >21 275

<5 35 0.4

0.6

15 >1.5

<5 16 15 >3.0

>5.0

<15 24

<6 15 >5

<5 <15

3 16 <7

3 16 <5

4 16 <5

CBS Hytron
0.7 0.8 0.5 0.15 40 25(a) 2N438
0.5 0.7 0.3 1 60 40(a) 2N439
0.3 0.6 0.2 1 100 70(a) 2N44O

1 0.3 1 0.18 30(a) 2N356
0.6 | 0.6 | | 2N3S7

0.4 0.5 0.6 0.18 30(a) 2N3S8
1.2 0.4 0.6 30(a) 2N377

40(a) 2N38S
0.6 0.4 0.4 80(a) 2N388

General 
Electric

0.9^ 0.35 0.35 —0.1 2 20(a) 2N394
0.28 0.28 | 25(a) 2N395
0.35 0.25 —0.09 30(a) 2N396

| | —0.085 1 (a) 2N397
—0.2 I (a) 2N45O

0.8 0.9 0.5 —0.150 60(a) 2N518
0.4 0.4 .14 0.4 .04 15(a) 2N332
.35 .15 .16 1 1 35(a) 2N333
.33 .25 .17 | 1 50(a) 2N335

8(a) 2N452

15(a) 2N634
25(a) 2N635
35(a) 2N636

General 
Transistor

<1.5 <1.5 <1.5 25-75(b) 2N311
III | (b) 2N312

<1.5 <0.4 <0.8 15-30(a) 2N315
<0.8 <0.8 <1.0 20-50(a) 2N316
< 0.6 | <0.8 20-60(a) 2N317

< 2.0 <0.7 <2 20-50(a) 2N356
< 1.2 | <1.2 1 (a) 2N357
<0.8 <1.0 <1.2 | (a) 2N358

>10 (b) 2N444
>20 (b) 2N445

>30 (b) 2N446
>50 (b) 2N447
>15 (b) 2N519
>20 (b) 2N52O
>35 (b) 2N521

>60 (b) 2N522
>80 (b) 2N523
>20 (a)6 2N592
>50 (a)« 2N593
>20 (a)6 2N594

>35 (a)6 2N595
>50 (a)6 2N596

10-19(b) GT34S
0.5 0.5 0.5 30-150(a)6 GT123

>20 (a) GT153
0.1 20-80(a) 2N6O2
0.12 30-100(a) 2N6O3
0.15 40-140(a) 2N6O4
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Switch ii

Manufacturer Class and
end Type Application

ig Transistors, Low Leve
Maximum Ratings

Wc Tj (a)mw/C Vc le 
mw) (C) (b) C/mw(volts) (ma)

1 (cont.)
Characteristics

Ife GF Ico NF Ccoe fjo F b
hfb (mg) (db) (mm*) (Mc)

Switching
Stör- H

Rise age Fall Sat. Leak Beta Manufacturer
Time Time Time Volt Cur. (o)Hfe ancl TYPe
(ms) (ms) (ms) (V) (m°) (b)hfe

,ereral Transistor Corp, (cont.) 
GT792 n-p-n, AJ, sw.

GT9O3 n-p-n, AJ, sw.

GT9O4 n-p-n, AJ, sw.

GT9O5 n-p-n, AJ, sw.

GT947 n-p-n, AJ, sw.

GT 167 n-p-n, AJ, sw.

GT269 p-n-p, AJ, sw.
GT758 p-n-p, AJ, sw.

GT7S9 p-n-p, AJ, sw.
GT76O p-n-p, AJ, sw.

GT7 61 p-n-p, AJ, sw.
GT762 p-n-p, AJ, sw.

GT763 p-n-p, AJ, sw.

Hughes Aircraft Co., 
Culver City, Calif.

HA75O1 p-n-p, FJ, Si, med. pwr.
HA5014 n-p-n, AJ, sw.

HAS020 n-p-n, AJ, sw.

HA5O21 n-p-n, AJ, sw.

HA5OO1 n-p-n, AJ, sw.

HA5OO9 n-p-n, AJ, sw.

HA75O2 p-n-p, FJ, Si, med. pwr.

HA75O6 p-n-p, FJ, Si, med. pwr.

HA75O7 p-n-p, FJ, Si, med. pwr.

HA7 S10 p-n-p, FJ, Si, med. pwr.

Industro Transistor Corp., 
long Island City, N. Y.

2N315 p-n-p, AJ, comp.

2N316 p-n-p, AJ, comp.

2N317 p-n-p, AJ, comp.
2N425 p-n-p, AJ, comp.
2N426 p-n-p, Aj’comp.

1 2N427 p-n-p, AJ, comp.

2N428 p-n-p, AJ, comp.

lAotorola, Inc., Phoenix, Arlz.
1 2N425 p-n-p, AJ, sw.

1 2N426 p-n-p, AJ, sw.
I 2N427 p-n-p, AJ, sw.

2N428 p-n-p, AJ, sw.

Ihllco Corp., Lansdale, Pa.
2N597 p-n-p, AJ

2N598 p-n-p, AJ
I 2N599 p-n-p, AJ

11 ^*62 p-n-p, AJ, bi-lateral

I 2N67Q p-n-p, AJ, pulse amp.

2N671 p-n-p, AJ, pulse amp.

2N24O p-n-p, Sbt

2N5O1 p-n-p, Madt

*’3 p-n-p, MAJ, hf amp., osc.
| 2h 34 p-n-p, AJ, amp.

1 2N536 p-n-p, AJ

'95 p-n-p, AJ, Si, amp.
2M96 p-n-p, AJ, Si

ILECTRONIC DESIGN • July <

100 85 1.67(a) 20

15

100 85 1.67(a) 25
1

100 85 1.67(a) —20
1 1 1“

0.5w 150 4 (a) —60

400 70 9 (a) 40
300 I 6.7(a) 20

I 1 6.7(a) |

400 9 (a) 30

400 70 9 (a) 10

0.5w 150 4 (a) —60

—35

—20

—35

150 85 —15 400

—10

—20

—16

150 85 —15 400
1 1 -12

150 85 2.5(a) —30 400

250 100 —30 400
Il II

150 75 —40 200
300 85 I 2 amp.
Iw» ||

30 85 0.75(b) —6 15

50 85 —15 50

25 85 —6 50

25 65 0.7(b) —50 25

50 85 —20 30

150 140 0.77(b) —25 50
| | 077(b) —10 |

9, 1958

«

<2

<1

<2

<
1

<

.880 —i

.950 —(

.930 —( 

.930 —(

.960 —

30

155

150

18

>4.8

5 <20

>4

<20

<30

0 <15 >5

.5 >4

2 16 <0.5

16 >0.5

>3

2 16 >8
1 >’»

16 14 >20

1.1 0.5

2

).1 0.5

).5
).l 1.5

).5 0.5

14 5

12

20

4
6

14 15
1 20

2 14 4 50

6 55

11 60

17 70

25 18 4.5
1 1 "

35 20 0.5

75
1

17 3 50’

0.8 2

1.5 3.5 60

15

2

1 7 15

1 7 11’

General Trans, bont.) H5

37-160(b) GT792
GT9O3 
GT904 
GT9O9 
GT947

>25(b) GT 167 ■

>35(a) GT269
> 10(b) GT7S8 ■

> 15(b) GT759
>20(b) GT76O

> 30(b) GT761
> 60(a) GT762
>80(b) GT763

Hughes j
Aircraft 1

—2 —0.1 HA75O1 I
0.9 0.7 0.8 0.15 8 80(a) HA5014 |

0.9 0.7 0.8 0.25 5 70(a) HA5O2O
0.6 0.5 0.4 0.30 5 70(a) HA5O21
0.9 0.7 0.8 0.20 5 HA5OO1

0 9 0.7 0.8 0.35 7 15(a) HA5009
—2 —0.1 HA75O2

—0.5 HA7506
—0.1 HA75O7
—0.5 HA751O

Industro 
Transistor

1 0.5 0.5 20(a) 2N315
0.4 0.4 0.6 30(a) 2N316
0.3 0.4 0.3 40(a) 2N317
0.5 0.3 0.45 30(a) 2N425

1 1 0.3 40(a) 2N426

0 4 0.3 0.3 60(a) 1N427
1 1 J 80(a) 2N428

Motorola
0 5 0.3 .45 0.22 2 30(a) 2N425

1 .35 1 1 40(a) 2N426
0 4 .35 I 1 55(a) 2N427

1 0.3 1 80(a) 2N428
2N375

Philco Corp.
.085 40(a) 2N597

I 90(a) 2N59S
1 100(a) 2N599

.085 45 2N462
0 35 40-250 9N67O

1 J 2N671

2N24O
12 7 4 0.15 50(a) 2N501

0.07 95(a) 2N393
2N534

0.07 5 100 2N536
2N499

0.08 5 10(a) 2N496

xi
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Switchii

Manufacturer Class and
♦ and Type Application

ng Transistors, Low Leve
Maximum Ratings

Wc Tj (a)mw/C Ve lc 
(mw) (C) (b) C/mw(volts) (ma)

1 (cont.)
Characteristics

Ife OF Lo NF Ccoe fco F'b
hfb (mo) (db) (ppf) (Mc)

Switching

Stor-
Rise age Fall Sat. Leak Beta Manufacture
Time Time Time Volt Cur. (a)hFE anci Type 
(ms) (ms) (ms) (V) (mo) (b)hfe and

RCA, Somerville, N. J.
2N269 p-n-p, AJ, med. sp., sw.
2N356 n-p-n, AJ, hi-current sw.
2N3S7 n-p-n, AJ, hi-current sw.
2N358 n-p-n, A J, hi-current sw.
2N398 p-n-p, AJ, hi-volt sw.

2N404 p-n-p, AJ, med. sp., sw.
2N578 p-n-p, AJ, hi-current sw.
2NS79 p-n-p, A J, hi-current sw.
2NS80 p-n-p, AJ, hi-current sw.
2NS81 p-n-p, AJ, med. sp., sw.

2N582 p-n-p, AJ, hi-speed sw.
2N583 p-n-p, AJ, med-speed sw.
2N584 p-n-p, AJ, hi-speed sw.
2NS8S n-p-n, AJ, med. sp. sw.
2N586 p-n-p, AJ

Raytheon Mfg. Co., Newton, Ma*».
2N464 p-n-p, AJ, audio low-freq.
2N42 5 p-n-p, AJ, comp, sw., ckts.
2N426 p-n-p, AJ, sw., comp.
2N427 p-n-p, AJ, sw., comp.
2N428 p-n-p, AJ, sw., comp.

2N404 p-n-p, AJ, sw., comp.
2N658 p-n-p, AJ, sw., comp.
2N661 p-n-p, AJ, sw., comp.
2N662 p-n-p, AJ, sw., comp.
CK2S p-n-p, AJ, sw., comp.

CK26 p-n-p, AJ, sw., comp.
CK27 p-n-p, AJ, sw., comp.
2N413 p-n-p, AJ, rf, video, sw., ckts.
2N414 p-n-p, AJ, rf, video, sw., ckts.
2N416 p-n-p, AJ, rf, video, sw., ckts.

2N417 p-n-p, AJ, rf, video, sw., ckts.
CK28 p-n-p, AJ, comp., sw.
2N327A p-n-p, FJ, Si, audio, de amp.
2N328A p-n-p, FJ, Si, audio, de amp.
2N329A p-n-p, FJ, Si, audio, de amp.

2N619 n-p-n, FJ, Si, audio, de amp.
2N62O n-p-n, FJ, Si, audio, de amp.
2N621 n-p-n, FJ, Si, audio, de amp.
2N659 p-n-p, FJ, comp.
2N66O p-n-p, FJ, comp.

Sprague Electric Co., 
North Adams, Mass.

2N393 p-n-p, Maj, hf amp., osc.
2N24O p-n-p, Sbt.

Sylvania Electric Prod., Inc., 
Woburn, Mass.

2N356 n-p-n, AJ, sw.
2N357 n-p-n, AJ, sw.
2N358 n-p-n, AJ, sw.
2N377 n-p-n, AJ, sw.
2N385 n-p-n, AJ, sw.
2N388 n-p-n, AJ, sw.
2N625 n-p-n, AJ, sw.

xii

120 85 —20 —100
100 20 500

50 —105 —100

120 85 —25 —100
—20 —400 

1 1 

80 —18 —100

85

150 85 0.4 (b) —45 —100
—30 —400

120 85 —25 —100
170 0.35(b) —1 amp

1 1 1

80 0.75(b) —30 —400

80 85 0.75(b) —30 —400
1 1 1

150 0.4 (b) —200

150 85 0.4 (b) —30 —200
80 | 0.75(b) | —400

380 160 0.35(b) —50 —50

380 160 0.35(b) —50 —50

170 85 —25 — lamp
1 1 1

25 85 —6 50
30 85 0.75(b) —6 15

100 85 0.6(b) 20 100
III 1 200
1 1 1 300

150 100 2 (a) 20 200
| | | 25 |

150 100 2 (a) 20 200
2.5w | 3.3(a) 40

40 —2.
30 5
1 1

60 —14

40 —5
15
30
45
30 —<

60 —'
30 —¿
60 —'
40 f
60 —1<

26 —

30
60
80

140 —

14 0.Í
28
60

14 0.C
28
60

155 1
30 0

40 2
70 4
120 '
500 1

57 12
7o 3

:

7

* 12
5
8 
15

i Tb 8

7c 18
7b 8

> * 18
7d 5

5 7e

6 22 12 0.7
2 14 2

3
5 
10

2 12 4
2.5 5
10 20

8
-2 14 4

-2 14 6
1 "

7 12 2.5
6 1 7
4 1 10

2.6 4 12 20
- 2 14 17
)05 18 70 200

300 
500

> 05 18 70 200
i 300
1 1 500

2.5 12 10
1 1 15

.5 3.5 60
.7 3 50’

> 0 14 3
6

1 9
00” 15 6
00” 1 4

> 0 15 8
00 60

40(a) 2N269
1 0.3 1 30(a) 2N356

0.6 0.6 I 2N357
0.4 0.5 1 2N358

60(a) 2N398

40(a) 2N404
0.9 0.6 15(a) 2N578
0.4 0.5 30(a) 2N579
0.2 0.4 45(a) 2N58O

30(a) 2N581

60(a) 2N582
30(a) 2N583
60(a) 2N584

1.5 0.8 40(a) 2N585
60(a) 2N586

Raytheon

30(a) 2N464
40(a) 2N42S
55(a) 2N426
80(a) 2N427

2N428

2N4O4
50(a) 2N6S8

120(a) 2N661
60(a) 2N662
30(a) CK25

40(a) CK26
55(a) CK27

2N413
2N414 
2N416

2N417
80(a) CK28

0.1 11(a) 2N327A
0.2 18(a) 2N328A
0.2 26(a) 2N329A

15(a) 2N619
30(a) 2N62O
60(a) 2N621
70(a) 2N659
90(a) 2N660

Sprague 
Electric 

0.07 95(a) 2N393
2N240

Sylvania 
Electric

1 0.3 1 0.18 30(a) 2N356
0.6 0.6 I I 2N357
0.4 0.5 1 1 1 2N358

2.5 0.7 1.0 2N377
2N385

1.0 0.7 0.7 2N388
0.5 0.5 0.5 2N625

ELECTRONIC DESIGN • July 9, 19«

>yl ’ ni' 
2N67 
2N31 
2NS7 
2N5Í

lexas 1 
Dallas,

2N3Í 
2N3Í 
2N3Í 
2044
2N6Í

fung*S< 
East Oi

2N51

2N5I
i 2N5< 

2N4I
2N5 
2N4

2N4 
2N4
2N4 
2N5

Weste 
Hew Y

2N2 
2N1 
GAS
GA5 
GAS

' 2N5 
GAS

1. Co
F 2. at 
[ 3. at

■confi

Ai
Eq

llE(



SwitchingSwitching Transistors, Low Level (cont.)

Manufacturer Class and
and Type Application

We 
(mw)

Maximum Ratings 
Tj (a) mw/C Vc 
(C) (b) C/mw(volts)

le 
(ma)

hfe or 
hfb

Ch
Ico

(mo)

laract 
NF 
(db)

eristic
Ccoe 

(mmO

S 

fco 
(Me)

r'b Rise 
Time 
(ms)

Stor
age 
Time 
(ms)

Fall 
Time 
(ms)

Sat. 
Volt 
(V)

Leak 
Cur. 
(mo)

Beta 
(o)hFE 
(b)hie

Manufacturer 
and Type

Sylvania Elec, (cont.) Sylvania (cont.)

2N679 n-p-n, AJ, sw. 150 85 2.5(a) 25 20 25 2N679
2N312 n-p-n, AJ, sw. 100 85 1.7(b) 15 200 1.0 1.5 1.5 0.075V 15 50(a) 2N312
2N576A n-p-n, AJ, sw. 200 100 2.7(a) 40 400 40 40 15 5 1.5 0.7 0.7 0.4 2NS76A
2N5S7 n-p-n, AJ, sw. 150 85 2.5(a) 1 200 25 15 25 1 15 2N587

rexas Instruments Inc., Texas
Dallas, Texas Instruments

2N364 n-p-n, grown, hi-freq. 150 85 0.5(b) 30 50 12 1 4.5 2.5 2N364
2N365 n-p-n, grown, hi-freq. 26 3 2N365
2N366 n-p-n, grown, hi-freq. 65 3.5 2N366
204A n-p-n, grown, hi-freq. 60 19 2.5 204A
2N623 n-p-n, DJ, hi-freq. 1 (b) 30 35 3.5 90 75 ohm 12 12’° 1 35(a) 2N623

kung-Sol Electric Inc., Tung-Sol
East Orange, N. J. Electric

2N579 p-n-p, AJ, comp. 120 85 0.4(b) —20 400 5 14 8 0.4 0.3 0.25 —0.2 5 30(a) 2NS79

2N58O p-n-p, AJ, comp. 120 85 0.4(b) —20 400 5 14 15 0.2 0.2 0.2 —0.2 5 45(a) 2N58O
2N581 p-n-p, AJ, comp. 1 -18 100 B —0.2 5 30(a) 2NSB1
2N404 p-n-p, AJ, comp. 0.28(b) —25 12 —0.1 5 30(a) 2N404
2NS82 p-n-p, AJ, comp. 0.4 (b) 1 18 —0.2 5 60(a) 2NS82
2N42S p-n-p, AJ, comp. 1 —30 400 4 50 0.5 0.3 0.45 5 30(a) 2N42S

I 2N426 p-n-p, AJ, comp. 120 85 0.4(b) —30 400 5 14 6 55 0.5 0.3 0.35 5 40(a) 2N426
I 2N427 p-n-p, AJ, comp. 11 60 0.4 55(a) 2N427
1 2N428 p-n-p, AJ, comp. 17 70 1 0.3 80(a) 2N42S
I 2N578 p-n-p, AJ, comp. 5 0.9 —0.2 15(a) 2NS78

■Western Electric10 Western
Lew York, N. Y. Electric
I 2N29 n-p-n, GJ, trans. 100 85 0.5(b) 35 0.480 15 17 2 2N29

2N11O pc 200 0.3 50 50 3.2 1.3 5 0.09 1.7 2N11O
GA52829 p-n-p, AJ 100 0.5 —30 0.985 1.8 11 3.3 GA52829
GA531O4 p-n-p, AJ -10 0.980 2.9 GA53104

I GAS3149 p-n-p, AJ —35 0.09 3.3 GAS3149

2N56O n-p-n, Diffused, Si 175 0.25(b) 60 0.98 0.1 35 50 0.075 0.05 0.50 68(a) 2N56O
GA53242 p-n-p, AJ 500 85 5 4 0.37 0.080 0.28 0.25 20(a) GA53242

I

1

>

r 
I 
r
J 

j

1. Collector Dissipation at 25 C
2. at 70 C mounting base
3. at 2.0 amp.

[continued from page IX)

Typical 
Amplifier 
Equations

4. at 0.5
5. diffused base
6. also hfe

collector to base V = —2.5 
a. collector to base V = 5 
b. collector to base V = —।

K

7. c. collector to base V = —1 2
d. collector to base V = 12
e. collector to base V = —25

7. f. mounts flange temp of 80 C 
g. 2 transistor push-pull

8. heat sink

9. ft = frequency for beta = 1
10. Military
11. Maximum leer shown with Rbe — Ik and VCE max.

Grounded Emitter Amplifier

~Qf Rl

I + g,Ra 4- go Rl + gi gc R* Rl
(voltage)

-Of #

1 + gi Rs + go Rl + gi gc R» Rl
(current)

K =
-(gf - gi gc Re) Rl

1 + gi Rg 4- (gi 4- gf 4- go) R. 4- g0 Rl 4- g. gc [R, (Re 4- Rl) 4- Re Rl] (continued on page XIV)
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Degenerative Emitter Amplifier (Voltage)



K =

go 4- gi gc R
Goe =

Gid =

God “

Grounded Base

(g^ 4- gf 4- g> gc Rl)

(gi gc Ra 4- go)
Gub =

Grounded Collector

gi (1 4~ gc Re)

oc
1 4- gi (Ra 4- Re) 4- gf R

Degenerative Emitter

gi [1 4- gc (Re 4- Rl)]

Gic

Grounded Collector Amplifier

(gi + gf - gtgc Re) Re

Tc
hr v0

rd =

c

V

Zf -Zr

npj

ev-

ut

Tab
hi =
hf =

« =
g/

9b e -

9<e g 
rb =

Fb =
D(

lent circuit using h parameters.

VW
gfv¡

yo,
gc

Forv

Yre0y¡.g¡ grvo

hf h
= g0hi

Grounded Base Amplifier
kb ~ (gf 4- go) Rl/[1 4- (gi 4- gf 4- go) Rt + go Rl + gi gc (R, + Rl) Ra I

1 + gi R, 4- (g, + <7/ + g0) Re + gi gc R, R

Grounded Collector Amplifier Complex
The normal Re is replaced with a transistor T< having its collector connected to the emitter of the 
grounded emitter amplifier T2, and with its emitter connected to the emitter return through a new 
Re. The base current is fixed for the load transistor Ti.

1

goi 4- gu gci R

Table I. From Network to IRE Parameters

Hybrid Admittance Impedance Conductance

hn = hj yn = y> Zn = Zi gu = gih2i = hf y2i = yf Z21 = Zf g2i — g>h12 = hr yi2 = y. Z12 — z, g>2 — g>h22 — h, y22 = y<> Z22 = Zo g22 = g<>a — hfb P = hfe

gn 4- gf2 (gi2 4- ^2) [1 4- (gu 4- gfi 4- goi)
where the “1” refers to a value of Ti, the “2” to a value for T2, and GL is the load conductance.

Fig. 1 . Grounded base equiva-

Input and Output Conductances
Grounded Emitter

In the following equations R* is the source resistance, Re the emitter resistance, and RL the collector 
load resistance.

1 + gc Rl
IC

1 + gi Ra 4- g0 Rl 4- gi gc Ra Rl

1 4- gi Ra 4- go Rl 4- gi gc Ra Rl

go 4" gi gc (Re 4- Rs)
1 4- gi Ra 4- (gi 4- gf 4- g0) Re + go Rl + gi ge [Ra (Re 4- Rl) 4- Re Rl]

Fig. 2. Equivalent circuit using
either y or g parameters.

I 4- (gi 4- gf) Ra + go Rl 4- gi gc Ra (Ra 4- Rl)

Fig. 3. Open circuit imped-
ance equivalent circuit with

one generator.

Para

Inpu 
Foro 
Reve 
Out| 
Mod

0

1 4- gi R» 4- (gi + gf + go) Re 4- gi gc Ra R 

(gi 4- gf)
Parc

These equations may be changed to the hybrid parameter form 
nominators both by gi R8, and substituting

by dividing numerators and de-

Fig. 4. Basic amplifier circuit.

1 gfh{ , hf — , h0 gc , hc h,
g i g t
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Table II. Between y and z Parameters

z to y y to z

zi = y« / yi ye
Zf = - yb / yi yc 
z. = — yr / yt ye

= (yc-yo) / yfy 
zo = I / ye 

D (z) = Zi zo — zf zr

yi = zo I D (z)
yt = — zf / D (z) 
y, = — z, / D (z) 
yo = Zi j D (z) 
ye = I / Z„

D (y) = y, yc

Table III. Between h, y, and z Parameters
hi = I / yi = D (z) / z0 hr = (yc — yo)/yf = zr/z„ 
hf — yf / yi = — zf / zo ho = yc = I / zo

D(h) = hiho-hfhr

Table IV. Relations for Tee Parameters
rd = I / yc =

I / h0
rb — y0 / yi yc =

D(h) / ho

rm = — yf / yi yt- = 
hf/h0

re — [ (yo/y<) — l]/yf =
hr ho

Table V. Miscellaneous Relations
a = yf / (yi + yf) = hfb

9i Çi TbO
P = yr / yi = hf 

g/ = gf / (I — Qi r\)

Qee 9°

Table VI. RCA Parameters
-yi gm — yf - yr^y^g/

g> c^tgc g g> / gr
rb — rbb — base spreading resistance

RW

BROADEN DESIGN HORIZONS
vb'o- - - - - W

$be $ce< 9mvtie new pnp drift transistors
Fig. 5. RCA Ji circuit.

Table VII. Between y Parameters for 
Different Configurations

| Parameters
InputI Forwardt ReverseOutputI ModifiedOutput

yi
- yi - yt
yi + yr
yi + yf + yo
yi + yr + y->

CE CB

yi yi + yf + y0
yf - yf - yo
yr yr + yo
y« y«
yc y. yc / (yi + yf)

Table VIII. Between h Parameters for

Parameter
Different Configurations

CE CB CC
Forward hi h./ 

[l+hf-hr+D(h)]
hi

Inp rt hr (—hf—D(h)/
[l + hf-hr+D(h)]

-d+hf

reverse hr [D(h)-h.]/ 
[l+hf-hr+D(h)]

(1 —hr)

■Output ho ho/ 
U+hf-hr+D(h)]

ho

TYPICAL APPLICATIONS

TV CIRCUITS •
FM RADIOS

SHORT WAVE RADIOS
HIGH FREQUENCY OSCILLATORS •

VERY HIGH SPEED • 
SWITCHING DEVICES

WRITE TODAY FOR BULLETIN 
G-18O INCLUDING COMPLETE 
MECHANICAL AND 
ELECTRICAL 
SPECIFICATIONS, 
DIMENSIONAL DRAWINGS. 
GRAPHS AND ENGINEERING 
DATA.

SEVEN NEW DRIFT TRANSISTORS FOR HIGH SPEED SWITCHING
AND HIGH FREQUENCY AMPLIFIER APPLICATIONS

General Transistor’s new 2N602, 2N603, 2N604 provide the design engineer with guaranteed 
switching parameters such as gain-bandwidth and DC current gain, while the 2N605, 2N606, 
2N607 and 2N608 provide guaranteed power gains at high frequencies.
In addition to the great speed advantages offered by the drift transistor at no sacrifice of gain, 
such additional features as higher voltages and lower capacity are available. Thus one can now drive 
higher impedance loads with no sacrifice of speed or pulse power.
The complete control of G. T.’s Drift Transistor assures longer life and maximum performance 
while possessing complete reliability.
Other features include high input-circuit efficiency, excellent high-frequency operating stability, 
good signal-to-noise ratio, good automatic-gain-control capabilities and the rugged mechanical 
construction of a positive hermetically sealed JETEC 30 case.

ALL TRANSISTORS CAN NOW BE SUPPLIED IN FULL COMPLIANCE WITH MIL.T.JS5OOA.

DC Current Gain 
hfE

Gain X 
Bandwidth

Power Gain 
KP

2N602
2N603
2N604

Vce — 1 V
It = 0.5 ma 25-100* Vc. = 5v

Ic = 5 ma
10-30 me
30-50
50-70

2N605
2N606
2N607
2N608

Vce= 7.5 V 
Ic = 1 ma 
f = 2 me

20-25 db
25-30 db
30-35 db
35-40 db

* REPRESENTS RANGE VALUE FOR COMPLETE TRANSISTOR FAMILY AND NOT FOR ONE PARTICULAR TRANSISTOR.

GENERAL TRANSISTOR
9 1-27 13 8TH PLACE • JAMAICA 35 • NEW YORK

IN CANADA: DESSER E-E LTD., 441 ST. FRANCIS XAVIER, MONTREAL 1, QUEBEC
FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED TRANSISTOR DISTRIBUTOR
OR GENERAL TRANSISTOR DISTRIBUTING CORP., SI-27 133TH PLACE , JAMAICA 28, NEW YORK
FOR EXPORT: GENERAL TRANSISTOR INTERNATIONAL CORP., »1-27 138TH PLACE, JAMAICA 3S, NEW YORK

CIRCLE 382 ON READER-SERVICE CARD
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offers

Texas Instruments

2N254 DL-S 64836 at 455 kc
npn 2N145 33 at 455 kc

2N146 36 at 455 kc
39 at 455 kc

<4 Avg

2N310 DL S 710

off-the-shelf

for overnight

CIRCLE 384 ON READER-SERVICE CARD

XVI

Contact your nearest Tl sales office at' 
distributor for detailed data sheets.

CIRCLE 383 ON READER-SERVICE CARD 

ELECTRONIC DESIGN

E Out 
t Audio voltage gain ----------- in recommended circuit. 

E In

ft Min audio power — Class A/Class B.

2N147
2N252"
2N308 

pnp 2N309
42 at 455 kc
44 at 455 kc

DL-S 568 
DL-S 568 
DL-S 568 
DL-ä 660 

DL-S 709 
DL-S 709

GERMANIUM TRANSISTORS

136 Liberty Street 

New York 6, N.Y
Fhone:

REctor 2-4400

“ MUCRAY eucnoHKs

MUGRAy 
eUCUtONKS

radio converter 
and IF

Type

Former Dissipa 
Desig- tion 
nation at 25°C 

mW

Collec
tor 

Volt
age-V

(max.)

Collec
tor 

Current 
mA

(max.)

Beta

(min. ) (max.)

Conversion 
Gain 
db

(min ) (max.) (min.)

if
Gain 
db

(max.)

Audio 
Gain 

db

(min.) (max.)

RF 
Gain 
db

(min.)

Alpha 
Cutoff 
Fre

quency 
me 

(avg.)

Bulletin 
Number

VHF tetrode 3N25 
pnp

501 25 -15 -2 65 (Avg.) 10© 
lOOmc 200 DL-S 65S

high frequency 2N62Ì 40 -30 35 (typ) 15db 
Avg 

©43mc
10 @ 
I8mc

pnp________  
2N248 » -25 -4 20 (Avg.)

— 90

50

DL-S 904

DL-S 661

37 Avg at 455 kc 28t Avg
audio output 2N185 352 150 -20 -150 35(55 Avg) 39/26tt DL-S 610

pnp 2N238 310 50 -20 37 42 DL-S 638
2N291 357 300 -25 -200 30 (45 Avg) 31/22tt DL-S 672

general purpose 2N364 200A 150 30 50 9 19 2 5 DL-S 862
npn 2N365 201A 150 30 50 19 49 3 DL-S 862

2N366 202A 150 30 50 49 142 3 5 DL-S 862
204A 150 60 50 9 49 2 5 DL-S 862

pnp 2N368 301 150 -30 -50 19 49 1 DL-S 8)J

2N369 302 150 -30 -50 49 14? 1 3 DL-S 873
power 2N25O 356 25W -30 -3A 30 Class B Power Output : 10W 30 DL-S 726

2N251 356A 25W -60 -3A 30 Class B Power Output 40W 30 DL-S 727
pnp 2N456 50W -40 -5A 130 Avg DL-S 909

2N457 50W -60 -5A 130 Avg DL-S 909
2N458 50W -80 -5A 130 Avg DL-S 909

phototransistor 800 65 20 5 DL-S 810
npn



Recent Transistor Literature

iber

S65S

Derivation and Tabulation Associates
publishes quarterly

cross

the Elec

XVII

types. Complete 
tion easy to use

Transistor Circuits and Applications, 
John M. Carrol; McGraw-Hill Book Co 
New York, 1957

list of available transistor 
indexes make the tabula-

An Introduction to Transistor Circuits,
E. H. Cooke-Yarborough; Oliver and Boyd, Ed 
inburgh, Scotland, 1957

Transistor Physics and Circuits,
R. L. Riddle and M. P. Ristenbatt; Prentice 
Hall, New York, 1958

Transistor Engineering Reference Hand
book,
H. E. Marrows; John F. Rider, New York, 1957

Transistor A. F. Amplifiers,
D. I). Jones and R. A. Hilbourne; Philosophical 
Library, I tic., New Yor k, 1957

very similar to those contained

Transistor Electronics,
David DeWitt and A. L. Rossof; McGraw-Hill 
Book Co., Inc., New York, 1957

Transistor Technology, Vol. I,
Bridgers, Scaff, and Shive; Van Nostrand, New 
York, 1958

Transistor Circuit Engineering,
Edited by Richard Shea; John Wiley and Sons 
Inc., New York 1957

An Introduction to Junction Transistor 
Theory,
R. D. Middlebrook, John Wiley & Sons, Inc., 
New York, 1957

Characteristics described are

CIRCLE 385 ON READER-SERVICE CARD
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Tronic Design Data Chart. The principal dif
ference is that D.A.T.A.’s charts are organized 
by increasing maximum collector dissipation. 
Major subdivisions are general junction transis
tors and power transistors. For more information 
on this service write to Derivation and Tabula
tion Associates, Inc., 67 Lawrence Ave., West 
Orange, N.J.

S 904

S 661 
SW
S 648
S 568
S 568 
5 568 
SW
S 709 
5 709
S 7i
SW 
sr 
S 672
S 86?
S 862
S 862
S 862
SW
S 873
SW
S 727
S 909
S 909
5’909
SW

SILICON TRANSISTORS

Type

Dissipation 
at 25°C

W

Small Signal 
Current 

Transfer Ratu 
hfe

Collecte 
Curren 

h 
mA

(max.)

r DC Current
Transfer 

Ratio 
hpE

(min.) (max.)

Collector 
Breakdown 
Voltage-V 
BVcbo’

(min.)

Saturation 
Resis
tance 
Res* 

Ohms 
(max.)

Alpha 
Cutoff 

frequency 
fab 
me 

(min.)

Bulletin 
Number

(min.) (max.)
small signal 903 0.150 9 ¿0 " 25 30 300 1 DL-S 818

904 Û.150 18 40 25 30 300 2 DL-S 819
904A 0.150 18 90 25 30 300 8 DL-S 820
905 0.150 36 90 25 30 300 2 DL-S 821
910 0.150 76 333 25 30 300 7 (typ) DL-S 822
2N1Í7 0.150 9 20 25 45 200 1 DL-S 896
USN2N117» 0.150 9 20 25 45 200 1
2N118 0.150 18 40 25 45 200 2 DL-S 897
USN2N118* 0.150 18 40 25 45 200 2
2N118A 0.150 18 90 25 45 200 8 DL-S 898
2N119 0.150 36 90 25 45 200 2 DL-S 899
USN2N119* 0.150 36 90 25 45 200 2
2N120 0.150 76 333 25 45 200 7 (typ) DL-S 900
2N332 0.150 9 20 25 45 200 I DL-S 891
2N333 0.150 18 40 25 45 200 2 DL-S 892
2N334 0.150 18 90 25 45 200 8 DL-S 893
2N335 onso 36 90 25 45 200 2 DL-S 894
2N336 0.150 76 333 25 45 200 7 (typ) DL-S 895

switching ¿Ñ337 0.125 19 20 20 SS 4Ó 3ÖÖ iô DL-S 811
2N338 0.125 39 20 45 150 40 300 20 DL-S 812

high frequency 3n3¿ Ô.Í25 1Ò fowor Goin 20* (mm.) at 4.3 me 30 300 DL-S 730
3N33 0.125 10 fewer Gain- IS* (min.) at 115 mt 30 300 DL-S 730
3N34 0.125 10 Rawer Gom la* (min.) at 30 m 30 300 DL-S 730
3N35 0.125 8 (typ) 10 fewer Gai» 20* (typ. ) at 70 UK 30 300 100 (typ) DL-S 784

medium power 951 0.750 9 60 ¿0 300 ot-w
952 0.750 9 50 80 350 DL-S 564
953 0.750 9 40 120 400 DL-S 565
2N243 0 750 9 32 60 60 350 DL-S 639
2N244 0.750 28 90 60 60 350 DL-S 640
2N339 1 9 90 60 55 300 DL-S 9Õ8
2N340 1 9 90 50 85 350 DL-S 908
2N341 1 9 90 40 125 400 DL-S 908
2N342 1 9 32 60 60 350 DL-S 908
2N343 1 28 90 60 60 350 DL-S 908
2N497 4 20 (large 

signal typ)
200 12 36 60 10 (typ)

30 (max.)
DL-S 840

2N498 4 20 (large 
signal typ)

200 12 36 100 14 (typ)
30 (max.)

DL-S 840

2N656 4 20 (large 
signal typ)

200 30 90 60 10 (typ)
30 (max.)

DL-T121

2N657 4 20 (large 
signal typ)

200 30 90 100 14 (typ)
30 (max.)

DLT121

97Ö 8.75 14Ô 3 120 200 DL-S 673
gh power 2N389 85 at 25°C

45 at 100°C
10 (large 

signal typ)
2A 10 .. 60 6Ô 5

2N424 85 at 25°C
45 at 100°C

10 (large 
signal typ)

2A 10 60 80 10

’ Units supphed with more rigid values for BVCi}O .ind F than required by USN specs

' TEXAS INSTRUM 
DALLAS • NEW YORK

CAMDEN •
DETROIT • OTTAWA

WALTHAM

ENTS SALES OFFICES 
• CHICAGO • LOS ANGELES

DAYTON • DENVER
• SYRACUSE • SAN DIEGO

WASHINGTON D C g9 Texas Instruments 
INCORPORATED

SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 • DALIAS TEXAS



■ •
Manufacturer Class and 

and Type Application

Power Transistors (coni
Maximum Ratings

We Tj (a) W/C Vc le 
(w) (C) (b) C W (volts) (ma)

Characteristics 
Pwr. Pwr. 

hfe or lco Feo Gain Out.
hfh (Ma) (Me) (db) (W)

Switching

Star-
Rise age Fall Sat. Leak Beta Manufacturer
Time Time Time Volt Cur. (a)hFE and Type ■
(gs) (jus) (ms) (V) (mo) (b)hfe

Aanuf 
and

■
Amperex electronic Corp., 
Hicksville, N. Y.

2N284A p-n-p, alloy, hi-volt

2N11 S' p-n-p, alloy, audio out, dc conv.

OC16-G' p-n-p, alloy, audio out, dc conv.

OC16>E p-n-p, alloy, audio out., dc conv.
OC16-D p-n-p, alloy, audio out, dc conv.

OC30' p-n-p, alloy, audio output

Bendix Aviation Corp., Long Branch, N. J.
2N234A p-n-p, AJ, audio

2N23SA p-n-p, AJ, audio

2N23SB p-n-p, AJ, audio

2N236A p-n-p, AJ, audio

2N236B p-n-p, AJ, audio

2 N1 S 5 p-n-p, AJ, audio

2 N176 p-n-p, AJ, audio

2N242 p-n-p, AJ, audio

2N25S p-n-p, AJ, audio

2N256 p-n-p, AJ, audio

2N2S7 p-n-p, AJ, audio

2N2B5A p-n-p, Al, audio

2N399 p-n-p, AJ, audio13

2N4OO p-n-p, AJ, audio

2N268A p-n-p, AJ

2N418 p-n-p, AJ

2N401 p-n-p, AJ, audio13

2N301 p-n-p, AJ, audio

2N3O7 p-n-p, AJ, audio
Bl77 p-n-p, AJ, audio

B17 8 p-n-p, AJ, audio

Bl79 P-n-p, AJ, audio
2N297 p-n-p, AJ

2N3O1A p-n-p, AJ

B1 13 p-n-p, AJ

2N268 p-n-p, AJ

2N419 p-n-p, AJ

2N420 p-n-p, AJ

2N420A p-n-p, AJ

2N421 p-n-p, AJ

2N637 p-n-p, AJ

2N637A p-n-p, AJ

2N637B p-n-p, AJ

2N638 p-n-p, AJ

2N63BA p-n-p, AJ

2N638B p-n-p, AJ

2N639 p-n-p, AJ

2N639A p-n-p, AJ

2N639B p-n-p, AJ

2N677 p-n-p, AJ

2N677A p-n-p, AJ

2N677B p-n-p, AJ

2N677C p-n-p, AJ

2N67B p-n-p, A J

2N678A p-n-p, AJ

2N678B p-n-p, AJ

2N678C p-n-p, AJ

xviii

167w2 75 3.33(a) —60 2.

502 75 1(a) —32

502 75 —30

502 75 —30

502 75 —13

6 672 75 —32 1

25w 90 2.2 (b) —30 :
1 I -40

V 

2.0 (b)

25w 90 2.2 (b) —40 :

100 

90 —30

25w 90 2.2 (b) —30
37w 1 —40

25w 95
1 s

25w 100 2.2 (b) —80

25w 90 2.2 —40

25w 90 2.2 (b) —40

—35 

—30
1 

—40
25w 100 2.0(b) —70

25w 100 2.2(b) —60

25w 100 2.0(b) —40

25w 100 2.2 (b) —80

25w 95 2.2 (b) —45

100 —40

—70

—40
2 1

25w 100 2 (b) —70

—80 

—40

—70 

—80

25w 100 2 b) —40
( —70

—80
50w 1.5(b) —30

1 1 -40

50w 100 1.5 —70 1

—80 

—30 

—40 

—70
50 100 1.5 —80 1

50

Î 

2 

2 

2 

.4

J

3

5

3

5 

2

5 

5

3 

5

5

5

5
1

5

5

45 4.5 0.35

56 20 5.5 kc 2.5

45 20 5.5 kc 2.5

40 20 5.5 kc 2.5

22 20 5.5 kc 2.2

36 12 9kc 1.0

25 1 7 kc —30 2

40 0.5 —33
60 —36 1

40 —33 4
60 —36 1

40 0.5 7 kc —33 2

45 I I —34
40 1 1 —33

30 1 6 kc —30

30 1.0 6 kc —30 2

40 0.5 7 kc —33 2.5

150 8 kc —39 2

40 I —33 58
50 J —36 6

—31 5

40 0.5 8 kc —30 8»

40 0.5 7 kc

25 1.0 6 kc

150 0.5 7 kc —38 2

40 I I —33
25 1 1 —28

0.5

40 0.5 7 kc

7 kc

Amperex 
Electronic

0.4 200 30(a) 2N284A
0.4 0.6 22(b) 2N11S
0.4 0.6 22(b) OC16-G
0.4 0.6 22(b) OC16-E
0.4 0.6 22(b) OC16-D
0.25 0.4 28(b) OC3O

Bendix Aviation
2N234A 
2N235A 
2N235B 
2N236A 
2N236B

2N155 
2N176 
2N242 
2N2S5

2N256 
2N257 
2N258A 
2N399 
2N4OO

15 1 30 2.0 2 25(a) 2N268A
2N418 
2N4O1

2N3O1 
2N3O7 
B177 
B178 
B179 

15 1 30 2 2 25(a) 2N297
2N3O1A

25 2 40 1.5 2.0 40(a) Bl 13
15 1 30 2.0 2 25(a) 2N268

25 2 50 0.8 1.0 2N419
1.5 0.5 50(a) 2N42O

2N42OA 
2N421 

15 1 30 0.5 0.5 45(a) 2N637

15 1 30 0.5 0.5 45(a) 2N637A
| 1 | 2N637B

0.7 1 30(a) 2N638
1 2 1 2N638A
| | 1 2N638B

15 1 30 1.1 0.5 25(a) 2N639
1 1 2N639A
| | 2N639B

0.5 1 40(a) 2N677
2N677A

0.5 2 40(a) 2N677B
1 2N677C
1 2N678
| 2N678A

2 2N678B
0.5 2 65(a) 2N678C
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Ainneai 
^inneai 

2N53 

2N53 

2N54

H3A 

H4A 

H4S 

2N53 

H200
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2N17 

2N11 

2N6< 

2N3! 

2N3!

2N33 

2N5I 

2N5i 

2N3Î

2N6I 

2N6 

2N6 

2N6

¡Nucleo 

kos An

I 2N1

¡Philco

Lansdc 

2N3 

2N3 

2N3

2N3

I 2N3

ICA, !

2NJ 

2NJ

lylva 

Wobu

2N; 

2N 

2N 

2N 

2N

1 Texc 

-all 
I 2N

2N 

2N 

2t 

2’
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Manufacturer Class and
and Type Application

Power Transistors (cont.)
Maximum Ratings

hf. or 

hfb

We 
(w)

T| (a)W/C 
(C) (b)C/W

Ve 

[volts)
Ic 

(amp)

Minneapolis-Honeywell,

Minneapolis, Minn. cont.

2N539 p-n-p, AJ, de conv., servo IOw5 95 2.2(a) —80 3.5 43

2N539A p-n-p, AJ, de conv., servo 1

2N54O p-n-p, AJ, de conv., servo 66

H3A P-n-p, AJ, servo 15w 95 14(b) —60 0.35 20

H4A P-n-p, AJ, servo 0.5 30

H45 P-n-p, AJ, servo IOw 2.2 —80 3.5 20

2N5394 p-n-p, AJ, servo 43

H200I p-n-p, AJ 22w 1.1 —60 10 40

Motorolainc., Phoenix, Ariz.

2N178 p-n-p, AJ, 2 w pwr. 40w 90 1.6(a) —40 3 25

2N176 p-n-p, AJ, 2 w pwr. 45

2N669 p-n-p, AJ, 2 w pwr. 100

2N35O p-n-p, AJ, 4 w pwr. 30

2N3S1 p-n-p, AJ, 4 w pwr. I 45

2N376 p-n-p, AJ, 4 w pwr. 40w 90 1.6(a) —40 60

2NSS4 p-n-p, AJ, pwr. —30

2N55S p-n-p, AJ, pwr. —40 30-100

2N375 p-n-p, AJ, hv. pwr. sw. 1.5 (b) —80 3

I 2N627 p-n-p, AJ, hi-current sw. 50w 90 1.2(b) —40 10
I 2N628 p-n-p, AJ, hi-current sw. —60
I 2N629 p-n-p, AJ, hi-v, hi-cur. sw. —80
I 2N63O p-n-p, AJ, hi-v, hi-cur. sw. —100

■Nucleonic Prod. Co.,

[Los Angelos 55, Calif.
I 2N155 power 13.5w 2.5(b) —30 —3 —150

I Philco Corp.,

I Lansdale, Pa.
I 2N352 p-n-p, AJ, audio out. 25w’ 100 3 (b) 40 2
I 2N353 p-n-p, AJ, audio out. 30w 2.5 (b) 40 2

I 2N386 p-n-p, AJ, audio out. 37.5w 2 (b) 60 3

I 2N387 p-n-p, AJ, audio out. 37.5w 100 2 (b) 80 3
1 2N589 p-n-p, AJ, audio out. 1 1 100

1 RCA, Somerville, N. J.

I 2N3O1 p-n-p, AJ, pwr. amp. 11w 91 7f la) —40 —3 70

2N3O1A p-n-p, AJ, pwr. amp. J —60 J

1 fylvanla Hec. Prod.,

I Woburn, Mass.

2N3O1 p-n-p, AJ 1 2w 85 2.5(b) —40 2A
| 2N3O1A p-n-p, AJ 1 —60
1 2N3O7A p-n-p, AJ 75 3.0(b) —35
1 2N35O p-n-p, AJ IOw 90 —30 3a 40

2N351 p-n-p, AJ 1 1 3A 55

1 Toxas Instruments Inc.,
I Pallas, Texas

21'456 p-n-p, AJ, pwr. 50w 95 1.1(b) —40 —5a 130
1 2N457 p-n-p, AJ, pwr. —60 1

• 2N458 p-n-p, AJ, pwr. —80
1 2^250 p-n-p, AJ, pwr. 25w 85 —30 —3a 90
1 2N2S1 p-n-p, AJ, pwr. 1 —60

Characteristics
Pwr. 
Out. 
(W)

Rise 
Time 
(ms)

Stor
age 
Time 
(ms)

Fall 
Time 
(ms)

Switching

Sat. Leak 
Volt Cur. 
(V) (mo)

Beta 
(a)hFE 
(b)hfe

Manufacturer 
and Typelco 

(mo)
Feo 

(Me)

Pwr.
Gain 
(db)

Minneapolis-
Honeywell

100 7 31 12 40 70 0.6 2 23 2NS39
2N539A

6 34 45 90 48 2N54O

10 21 2 0.15 15(b) H3A
23 3 1 22(b) H4A

100 8.5 kc 25 12 35 60 0.6 2.0 20(b) H4S
7 31 I 40 70 1 1 32(b) 2N539

200 13 30 30 0.5 3.0 (b) H2OOI

Motorola
1 ma 9 kc 30 2 2N178

7 35 2N176
5 40 2N669
8 31 4 2N35O
7 33 1 2N351

1 mu 6 kc 35 4 2N376
3 27 2 2NSS4

8 kc 2NS5S
10 kc 10 5 50 0.6 1 ma 65(a) 2N37S

7.5 kc 38 0.4 1 ma 60(a) 2N627
2N628

(a) 2N629
(a) 2N630

Nucleonic
Prod.

33(a) 2N155

Philco
Corp.

3 0.016 0.4 65 2N3S2
3 .016 0.4 90(a) 2N353
5 .007 0.7 20(a) 2N386

5 .006 0.7 20(a) 2N3871 .006 1 |(a) 2N589

RCA
—220 7c 33 127® 2N3O1

1 1 J 2N301A

Sylvania
llectric

1 ma 35 2.5 2N3O11 1 2N301A
5 ma 3.5 kc 25 2N307A
2 ma 5 kc 31.5 4 2N3SO

1 1 33.5 1 2N3S1

Texas
Instruments

0.2 ma 26 80 0.24 30(a) 2N456
0.6 2N457
1.0 2N4S8
0.3 8 kc 34 2N25O
0.5 1 1 2N251

xix
co I
3 ELECTRONIC DESIGN • July 9, 1958



Power Transistors (cont.)
Switching

Characteristics

XO
M

0.14(a)8.5w 85 3 8 7.5 0.5

0.14(a)8.5w 85 3 8 7.5 0.5

W

1.5(b)9014w —40 3 2.5<2 7 kc

10(b)20w 13

1.5(b)14w 30 kc30 kc30

4 6
1.0(b)20w

1.0(b)72w 13

Class and 
Application

Manufacturer 
and Type

Clevite 
Transistor

we 
(w) hfe or 

hfb
Manufacturer 

and Type

Maximum Ratings

Tj (a)W/C Vc lc 
(C) (b) C/W (volts) (amp) Feo 

(Me)

Stör-
Pwr. Pwr. Rise age Fall Sat. Leak Beta
Gain Out. Time Time Time Volt Cur. (a)hFE
(db) (W) (ms) (ms) (ms) (V) (mg) (b)hfe

CBS Hytron, Lowell, Mass.

2N159 p-n-p, AJ7
2N196 p-n-p,AJ
2N197 p-n-p, AJ
2N197A p-n-p, AJ
2N198 p-n-p, AJ

2N198A p-n-p, AJ
2N299 p-n-p, AJ
2N296 p-n-p, AJ

Clevite Transistor Prod.,
Waltham 94, Mass.

2N297 p-n-p, AJ, 12 v audio
CTP1137 p-n-p, AJ, 1 2 v audio
CTP1117 p-n-p, AJ, 1 2 v audio
2N268 p-n-p, AJ, 24 v audio
2N2973 p-n-p, AJ
CTP1912 p-n-p, AJ

CTP1133 p-n-p, AJ, 12 v audio
2N268A p-n-p, AJ, 24 V sw.
CTP1112 p-n-p, AJ, 30 V sw.
CTP1139 p-n-p, AJ, 1 2 V sw.
CTP 1903 p-n-p, AJ, sw.

—30 —3 40 180 145 kc 33 2
1 -3 1 1 1

—60 41 140 37
—90
—60

—80 —3 41 140 145 kc 37 2
30 180 25 1

1 1 27 2

—80
—60
—100

6
3

50
75 
100
50

33
36
36
31

50
2.5

90
90

—40
—80

—40
—80

3
13

CBS Hytron
—200

1
23

1
2N1SS 
2N1S6

—300
1

20
1

2N1S7
2N1S7A
2N1S8

—300 20 2N1S8A
—200

1
j 2N2SS 

2N256

0.5 <2 50(a) 2N2S7
75(a) CTP1137

100(a) CTP11 17
2N268

0.5 <3 50 2N29733
05 <15 90 CTP1S12

CTP1133
0.5 <2 40(a)3 2N268A

1 <3 1 (a)3 CTP1112
0.8 <2 50(a)4 CTP1 135
0.5 <15 35(a)4 CTP15O3

Delco Radio
8 ma 2N173

1 2 ma 2N174
0.5 15 ma 2N174A

8 ma 2N277
2N278

8 ma 2N441
2N442
2N443

0.5 2NSS3
0.5 1 2 ma DT8O

12 DTI OO

95 20 20

52w

1.2(a)52w 95 13 20 20

General Electric Ca., Syracuse, N. Y. General Electric Ca,
10(a)85w 400 kc

Minneapolis'

2.2(a)lOw 95

0.8(a)25w

95

2.2(a)10ws 95

July 9, 195ELECTRONIC DESIGNXX

2N4S1 
2N453 
2N454

2N4S1 
2N4S3 
2N454

Minneapolis-Honeywell 
Minneapolis, Minn.

Delco Radio, Kokomo, Ind.
2N173 p-n-p, AJ, pwr.
2N174 p-n-p, AJ, pwr.
2N174A p-n-p, AJ, pwr.
2N277 p-n-p, AJ, pwr.
2N278 p-n-p, AJ, pwr.

2N441 p-n-p, AJ, pwr.
2N442 p-n-p, AJ, pwr.
2N443 p-n-p, AJ, pwr.
2N553 p-n-p, AJ, med. pwr.
DT8O p-n-p, AJ, pwr.
DTI 00 p-n-p, AJ, pwr.

n-p-n, DJ, Si, amp. 
n-p-n, DJ, Si, amp. 
n-p-n, DJ, Si, amp.

H5SCL p-n-p, AJ, de conv., servo
H6SCL p-n-p, AJ, de conv., servo
H7SCL p-n-p, AJ, de conv., servo
SCL184 p-n-p, AJ, de conv., servo
SCL194 p-n-p, AJ, audio de conv., servo

2N540A p-n-p, AJ, de conv., servo
2NS74 p-n-p, AJ, dv conv., servo
2N974A p-n-p, AJ, de conv., servo
2NS79 p-n-p, AJ, de conv., servo
2N575A p-n-p, AJ, de conv., servo
2N938 p-n-p, AJ, de conv., servo
2N538A p-n-p, AJ, de conv., servo

—60
—80

—40
—50

—40
—50
—60

35w 
72w

10sw 
25w

150 10 kc 40
1 38

120 1
150 40

100 2.0(a) —80 4
95 1.0(a) 1 13
95 1.0(a) —100 13

150 1.5(b) 65 5
30 2
65 1

2.2(a)
0.7(a)

150 10 kc 38

10 20 kc 32
150 10 kc 40
150 10 kc 38

20
20
20

5
20
20

5 
20 
20

Honeywell
—70 3.5 26 100 8.5 kc 28 12 3.5 60 0.6 4 23 H5SCL

7 kc 31 40 70 32 H6SCL
60 6 kc 34 4.5 90 48 H7SCL

—60 10 14 700 19 60 15 27 1.0 7 12 SCL18
28 5 kc 22 12 30 10 SCL19

—80 3.5 66 100 6 kc 34 12 4.5 90 0.6 2 48 2NS40A
—60 15 14 700 19 60 15 27 0.5 7 12 2N574
—80 1 1 1 1 2NS74A
—60 30 25 5 kc 22 12 30 10 2NS7S
—80 1 1 1 1 1 1 2NS7SA
—80 3.5 30 100 8.5 kc 28 12 35 60 0.6 2 23 2NS38

1 1 1 1 2N938A
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TransistorPowerSpecial

150250mw

5—207565800 n-p-n, Grown, photo

1—908550IN85 p-n-p, GJ, photo
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2N497
2N498
2M55O 
2N5S1 
2N552

2N545 
2N546
2N547 
2N548

2N242 
2N378 
2N379
2N380 
2N459

2N318 
2N469
GT34N

ST400
ST401
ST402
ST403 
2N3O9

'estern Electric, 
*'ew York, N. Y.

Texas Instrumental, Inc. 
Dallas, Texas

Tung-Sol Electric Inc. 
East Orange, N. J.

General Transistor Corp.
Jamaica 35, N. Y.

Transiston Electronic Corp. 
Wakefield, Mass.

Cross-index to transistor 
types at the end of this section.

General Electric Co., Syracuse, N. Y.
2N489-94 Unijunction, Si

U -TRONIC DESIGN • July

Western Electric,3 
New York, N. Y.

2N436 p-n-p, AJ

2N389
2N424
2N497
2N498
2N656

Class and

n-p-n, Diff., Si, pwr.
n-p-n, Diff., Si, pwr.
n-p-n, Diff., Si, med. pwr.
n-p-n, Diff., Si, med. pwr.
n-p-n, Diff., Si, med. pwr.

Texas Instruments Inc Dallas, Texas

Manufacturer
and Type Application

2N657 n-p-n, Diff., Si, med. pwr.;

n-p-n, 
n-p-n, 
n-p-n, 
n-p-n, 
n-p-n,

Diffused, Si 
Diffused, Si 
Diffused, Si 
Diffused, Si 
Diffused, Si

n-p-n, Diffused, Si 
n-p-n, Diffused, Si 
n-p-n, Diffused, Si2 
n-p-n, Diffused, Si 
n-p-n, Diffused, Si

n-p-n, Diffused, Si 
n-p-n. Diffused, Si 
n-p-n, Diffused, Si 
n-p-n, Diffused, Si

p-n-p, AJ, audio out. 
p-n-p, AJ, pwr. 
p-n-p, AJ, pwr. 
p-n-p, AJ, pwr. 
p-n-p, AJ, pwr.

p-n-p, AJ, sideview, photo 
p-n-p, AJ, end view, photo 
p-n-p, AJ, neon light

Power Transistors (cont.)
Maximum Ratings

We Tj (a)W/C Vc le
(w) (C) (b) C W(volts) (amp)

Characteristics 
Pwr. Pwr.

fife or lco Feo Gain Out.
hfh (Mo) (MC) (db) (W)

Star- 
Rise age Fai 
Time Time Tim 
(ms) (ms) (ms

1 Sat. Leak Beta Manufacturer
B Volt Cur. (a)hFE and Type

(V) (mo) (b)hi.

85» 200 21b) 60 2
1 1 80

4w 22.8(a) 60
1 1 100

1 60

4w 200 22.8 100

85w 175 60
! 30

50w 60
1 30

85w 60

4w I 60
1 1 ’00

5w 200 30
60
30

5w 200 60
30
60 
30

15w J 3 (c/w) —45 2 amp.

50w 85 1.2 c/w —40 3 amp.
—80
—60
—105

35w 100 2 c/w —60 5

12-36
1

30-90
30-90

20

10

0.

0.
1.

1

0

50 0
C

83

15

10
1

10

na 6

ma

2 4

4
2

2 4

.5

.3 5 kc

.5 7

59 5.5 kc

Texas
Instrument

1.5 0.1 2.5 5 10 ma 10-60(a) 2N389
2.3 10 I 2N424

1.0 0.5 1.0 2 J 12-36 2N497
2N498 

30-90 2N6S6

1.0 0.5 1.0 2 10 30-90 2N657

Transitron 
Electronics

1.5 40 ST400
1 50 ST401

4.0 40 ST4O2
3.0 1 ST4O3

2N309

3 20 2N497
1 1 2N498

0.7 0.2 1.0 1.5 35 2N550
0.12 0.3 1.3 .9 30 2N551
0.12 0.3 1.3 1 1 2N552

0.3 0.1 0.5 3 25 2N545
1 1 1 2 1 2N546

0.7 0.2 1 3 35 2N547
1 1 1 2 1 2N548

Tung-Sol 
Electric, Inc

2N242
25 40 50(a) 2N378
25 I 1 2N379

1 1 70(a) 2N380

25 40 50(a) 2N4S9

Western 
Electric

037 0.80 0.28 0.25 20(a) 2N436

These 6 types are specified in three ranges of stand-off 
ratio (.56, .62, .68) and two ranges of interbase resistance 
(5.6 and 7.5 K).

1.
2.
3.

Footnotes:
Matched pairs for Class B push-pull 
Collection dissipation at 25 C 
Military

50 85 0.001(a)
75 0.001 —6

125 85 0.002 —100

0.75 
1 0

4. Also under 7002
5. sink at 70 C
6. 2 transistor push-pull
7. sink at 25 C
8. Class B push-pull output
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Max.

MAGNETIC COMPONENTS
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XXII

2N346/SB1O3 
for High Frequency 

Oscillators

2N12S
General Purpose 
(MIL-T-12679A)actual 

size
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TRANSISTORS • RESISTORS

WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 

YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 

SECTION. SPRAGUE ELECTRIC CO-, 347 MARSHALL ST., NORTH ADAMS, MASS.

DESIGNING a power supply for portaUl 
transistorized equipment requires the prop I 

choice of batteries. The basic criteria must 1I 
long periods of uniform sustained voltage an I 
low drain under proper loads. Some of the queJ 
tions that must be asked when determining t I 
proper transistor circuit battery are:

■ How do environmental factors affect tl I 
operation of the battery?

■ What are the discharge characteristics undtil 
loads?

■ What are the relative advantages and d 
advantages of different battery constructions?

These and other useful questions will H 
answered as to how to make the operation of the 
transistor circuit battery more efficient and more 
reliable. A designers' check list is furnished 
Table 1, enumerating the points that must be 
considered before the electronic circuit ad 
physical package are finalized. A cross reference 
chart relating the types of batteries available i 
presented in Table 2.

CAPACITORS • INTERFERENCE FILTERS • PULSE NETWORKS 

HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS

The Effects of Temperature

Temperature is the most serious of the environ 
mental factors that affect the life and operatic! 
of a battery. Batteries operate very efficiently J 
a temperature range of 60 to 90 F. But M 
typical batteries higher temperatures are ad 
to be detrimental when the batteries ar 
stored for months at these higher temperatur» 
Three months at 115 F reduces the capacity d 
the battery from 10 to 50 per cent. It also pr 
duces occasional duds. Much higher tempera 
tures can be withstood for shorter periods, Id 
temperatures above 160 F are very damaging 
even for short periods. The chemical action 
which takes place on discharge within a dry cel

Surface Barrier Transistors are now avail
able from Sprague in production quantities 
for general high frequency applications and 
for high speed computer switching cir
cuits. Orders for the popular types shown 
here are shipped promptly. They’re priced 
right... and their high quality and excel
lent electrical characteristics make them 
the ideal solution to many difficult circuit 
requirements.

Sprague surface barrier tran
sistors are fully licensed under 
Philco patents. All Sprague and 
Philco transistors having the 
same type number are manufac
tured to the same specifications 
and are fully interchangeable. 
You have two sources of supply 
when you use surface harrier 
transistors!

2N24O/SBS122 
for Computer 

Switching
Min. Max.

SPRAGUE
he mark of relia bi I it

2N344/SB1O1 
for Medium Gain 

Amplifiera
Min. Typ. Max.

hfe 11 23 83

fmax 30 45 —

2N345/SB1O2 
for High Gain 

Amplifiers
Min. Typ- Max.

hfe 25 40 110
fina* 30 45 —



'CURVE A—Conventional design cell, common construction, normal usage drain.
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Vital information on the factors 
affecting the choice and operation 
of transistor batteries were ob
tained in an interview with J. J. 
Coleman, Vice President, Engineer
ing, and R. C. Clock, Battery De
sign Chief, Burgess Battery Co. The 
article concludes with a handy de
signer’s check list and with a cross 
reference chart.

is improved by higher temperatures. So long as 
' something serious such as a blown seal does not 
develop, the higher the temperature, the greater 
the power and energy output.

On the other hand, the lower the storage tem
perature, the better. The shelf life of batteries 
is greatly prolonged at storage temperatures 
near 0 F. The life of even very tiny batteries 
can be extended by many years at temperatures 
of —40 F. The performance of the battery is 
greatly reduced at near 0 F unless special low 
temperature batteries are employed. In the latter
case, one can get some performance down 
—40 F. Below this temperature, little or 
performance can be obtained.

Batteries are not much affected even by

to
no

ex-
tremes of humidity. If moisture condenses, leak
age currents can develop, as in the case of any 
electrical device. At extremely low humidities, 
there may be an increased tendency for batteries 
to dry out. The water contained in dry batteries 
is very vital to their operation.

Discharge Characteristics Under Load

Dry batteries ordinarily have a quick drop in 
their potential at the start of the discharge 
period. Then they discharge at a rather uniform 
potential down to 1 v per cell. See Fig. 1. Higher 
end points such as 1.2 v per cell are very com
mon but they mean a substantial loss of perform
ance. At end points much higher than 1.2 v per 
cell, the performance is likely to be inadequate. 
There is no sudden drop off in potential and the 
life is steadily increased as the end point is de
creased beyond 1 v per cell. Frequently this 
gradual decrease is beneficial since it warns the 
user that a new battery is required long before 
the point is reached at which no operation of the
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1.7

1.

1.

1.

1.3

CURVE made with high activity materials, normal usage

CURVE design, made with high activity materials, normalconstruction

CURVE design, made with high activity materials,construction current
to low drain, characteristic of transistor requirements.

C—Improved cell 
usage drain.

D—Improved cell 
drain reduced

B—Conventional design cell, 
drain.

TIMI HOURS

Fig. 1 . Various types of cells showing voltage vs time characteristics.

CURVI O

CURVI A

Table 1. Designer's Check List

100

□

□

□

□

BATTERY VOLTAGE—(Nomina!)

This is normally dictated by the using equipment. The equipment will frequently 
operate satisfactorily over a moderately wide volt range. The designer should keep 
this in mind and select a standard battery if possible.

BATTERY END VOLTAGE

This again is governed by the using equip 
cuit should be designed to allow the widi
tery voltage (1-1/2 volts per cell) and end voltage.

pment. For best battery efficiency the cir- 
lest possible range between nominal bat-

BATTERY SIZE

Normally batteries of the same voltage are available in several different physical 
sizes. Most economical service will usually be obtained by selecting the largest bat
tery size that can be tolerated.

BATTERY COMPARTMENT

This should be free from all sharp projections that might puncture the battery or 
ground to a metal battery case. Some batteries are made with rounded corners or 
with corners beveled at 45 deg. Where space permits, it is desirable to leave the bat
tery compartment so that it could accommodate the full rectangular cross section 
without the round or beveled corners. This allows later increase in battery service 
by design change to utilize these corners.
The battery should fit freely into the compartment with allowance for minor size 
variations. This can frequently be accomplished by sponge rubber pads or light 
leaf springs. These also serve to prevent the battery from moving.

□

□

TERMINALS

The using equipment should be provided with proper connections such as plugs or 
snap fasteners to mate with the battery terminals. Battery terminals are made to con
form to BMA standards. The mating terminal should also conform to these 
standards. The location should be such that neither the battery nor the equipment 
will be damaged in the process of connecting or disconnecting the battery.

BATTERY LOCATION IN EQUIPMENT

Battery should be located away from any sources of excessive heat. Ideal battery 
operating temperature is in the range of 60-90 deg. F. Weight balance is frequently 
a factor. Battery location should be considered with this in mind.

BATTERY DISCONNECT SWITCH

This should provide a positive means for disconnecting the battery when the equip
ment is idle. An indicator to show “Off” and “On” positions is desirable to prevent 
the power being left on accidentally when the equipment is put away. In many in
stances a battery is blamed for giving poor service when in fact the power switch 
has been left “On” while the equipment was idle.

xxiii
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Table 2. Cross Reference Chart
iinn

gess

2N6

VS301

VS300

less than 500 microvolts ripple
Al oo

14004D4

ELECTRONICXXIV

VS304
VS073

1600 
1604
1900

VS305
VS306

1602
1603
1608 
1601

2761
2506
2356

D6PI 
C6X 
P6M 
2U6 
XX9

Actual Size
so compact that it occupies less than half a cubic foot of bench space, the H-Lab Model 800A Power Sup
ply is fully transistorized to provide these advanced features: twin, continuously variable, 2-36 volt 1 ampere, outputs,

DESIGN • July 9

G401 W468 
G502 1015E

Ordinarily the unit is enclosed

As an example of the application of this fori nd 
reducing the load to one-half increases the i iad 
output 20 per cent, an increase in life by a f icd 
of 2.40.

sheath or envelope. This method employs the 
space efficiently but presents other problems.

Since individual cells are not made, the 10 
per cent testing and inspection of individual 
cells is no longer possible. The lower potential

device is possible. Decreasing the load on 
battery greatly increases not only the li 
hours but also the life in ampere hours. A si 
formula gives a fair approximation of th 
crease to be expected:

Gen- Na-
eral Mer- tional 

NEDA Dry cury Carbon RCA

loss. 3 
is so 
into ii 
mace

4ectr 
use o 
battei

log of output (ma 
current (ma)

ne n< 
ture.
is sea

plate 
trem<

«trou 
to te 
beca 
is se

Commercial dry batteries are differentiated ^1 
the following characteristics: their chemical copr| 
ponents; form; and envelope. There has beeml 
growing use of more active chemical compel 
nents. The increased activity has sometimes 
to unreliable performance. Hence there has heal 
a great deal of work done toward the control s| 
the new materials. An example is manganetl 
dioxide. A crystal structure which is suitable foil 
some types of dry batteries is not at all suitaHI 
for other types.

Most multi-cell batteries are now made witfl 
cells of a rectangular shape which efficients 
use the space available. The early B batteries! 
were simply flashlight cells soldered in seried 
Their cylindrical shape resulted in a waste oil 
space. One approach to the problem has been J 
return to something like the original voltaic pilt 
A duplex electrode is employed. Zinc plates ait 
coated with carbon paint and they are assembled 
with other components into units which are not 
individual cells but which, when stacked one on 
another, form a pile of cells connected in series

than .01 ohms source impedance... constant regulation over full voltage and current range... automatic short-circuit 
and overload protection. Fnr full information on H-Lab Power Supplies, transistorized and vacuum tube, write to: 
HARRISON LABORATORIES, ITSTO. 45 Industrial Road, Berkeley Heights, New Jersey
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VOCK VOCK

ON

OFF

36 VOLTS

SUPPLY B
O. C. VOLTAGE 

ADJUST

SUPPLY A
D. G VOLTAGE

ADJUST

MODEL 8OOA
TWIN LOW VOLTAGE POWER SUPPLY

1.0 AMPS 
TORIES, INC J



COMPUTERS

ELECTROLYTIC CAPACITORS

for transistorized and printed circuits

XXV

INTERCOM 
SYSTEMS

CAR 
RADIOS

WIRE AND TAPE 
RECORDERS

PRINTED
CIRCUIT MOUNTING
STYLE - EZ

TEST 
EQUIPMENT
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HI-FI 
EQUIPMENT

STANDARD TWIST 
PRONG MOUNTING 

STYLE - EX

’ane 
de fa 
litaU

IMPORTANT DESIGN ADVANTAGES OF 
ASTRON EZ AND EX ELECTROLYTICS
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Today's low-voltage transistorized and printed circuits demand capacitors with 
absolute minimum leakage and impedance. To meet these exacting needs, 
Astron Engineers developed new miniaturized EZ and EX Electrolytics for 
ambient operation up to 85* C.

99.99% pure aluminum foil is specially anodized by an exclusive process . . . 
power drain is cut to a minimum. They are constructed to withstand extreme 
temperature changes and give reliable operation after periods of "long idleness." 

Each electrolyte formula is scientifically compounded of special chemicals, 
selected for their high purity. Assembly steps are kept meticulously clean . . . the 
result: Safety Margin Construction, famous for its ability to withstand ripple 
currents, vibration, shock and wide temperature fluctuations. These hermetically 
sealed units are available in a broad selection of capacitance and voltage ratings.

Send today for further technical information . . . please describe your 
application; it helps us offer proper assistance to 
you . . . when special 
conditions require, we M
will design a prototype B
to meet your BB^^B ^B
specifications.

[if a weak cell is masked by the other cells in a 
ienes assembly. It is likely to escape detection 
n the inspection process. Moreover, these units 
ne not themselves sealed against loss of mois
ture. It is only the finished stack of cells which 
Is sealed by dipping in wax.

The wafer cell meets both of these problems. 
It has a complete cell, sealed against moisture 
oss, which can be individually tested. The cell 
s so strong that a stack of cells can be molded 

¡nto a smooth form, leaving no wasted voids of 
Lpace. One of the problems of forming such a 
back of cells has always been that of making an 
Electrical connection. This problem led to the 
Lse of duplex electrodes in the older type of dry I 
battery.

One of the electrodes in the wafer cell is a thin I 
kheet of plastic made conductive1 by loading it 
kith graphite. It is not possible to solder to such I 
L material nor to make any of the usual mechani-l 
Lal connections. A conductive wax has been de-1 
Leloped which is rendered conductive by silver! 
Llated copper particles. This material is ex
tremely conductive and at the same time has the 
Loft adhesive properties of wax. Two small but- 
hons of this wax serve as the terminals on the 
Lvafer cell.

W hen these cells are piled one on the other, a 
■strong electrical bond is formed from terminal 
Ito terminal, which is very resistent to vibration 
■because of the lack of rigidity. Each wafer cell 
■is sealed in a plastic envelope which has a low 
moisture vapor permeability. The entire stack is 
■wrapped once again with a sheet of mylar to 
■which another plastic has been bonded to form 
Ian additional moisture vapor barrier. Finally the 
■entire assembly is dipped in a special type of 
|wax solution.

:es are 
mbit 
.re not 
me od 
series 

plastk

pienti; 
Iteriti 
series 
iste oil
)een a

MINIATURIZED SIZE—LIGHT IN WEIGHT

DESIGNED FOR MINIMUM LOSSES —

LOW DRAIN

Cost Considerations
The following factors increase cost unneces 

;arily. Some types of sockets need to extend 
lown into the battery a great distance. This not 
inly wastes space that could be better used but I 
also requires considerable padding. While the 
cost of this is not large, it is sometimes entirely 
unnecessary. The voltage of dry batteries de
dines when discharged and for efficient use a 
rather wide variation is required. When cost is 
bxtr< mely important, the batteries should be 
Contained in simple, rectangular paper boxes. 
Metal containers are quite common. Both alum
inum and steel are used. They can improve the1! 
quality of the battery—for example, making it 
pore rugged and greatly enhancing its appear- 
hnce. When these containers are used, the bat
pries usually have rounded corners. However, 
phi a possible the designers should provide a 
feet ingular compartment for the battery so that 

battery manufacturer can use this shape if
Le imds it desirable.

LONG '-SHELF" AND OPERATING LIFE

HERMETICALLY SEALED

RUGGEDLY CONSTRUCTED

*Trad»-Marit
WEST COAST WAREHOUSE: I. R. Stern and Co., 4109 Burbank Blvd., Burbank, Calif., 13 East 40th St., N Y., N.Y —IN CANADA: Charles W Pointon, 6 Alcina Ave., Toronto, Ontario.
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TAKE YOUR PICK FROM . . .

THE SPRAGUE TRANSI LYTIC FAMILY
electrolytic capacitors

for every requirement in entertainment electronics ... 
pocket radios, wireless microphones, miniature tape 

recorders, auto receivers

LITTL-LYTIC*
CAPACITORS

Sprague’s new Type 30D her
metically-sealed aluminum- 
encased capacitors are the tiniest 

electrolytic capacitors made to 
date ... and their performance is 
better than ever. Their remark
able reliability is the result of a 
new manufacturing technique in 
which all the terminal connections 
are welded. No pressure joints . . . 

no "open circuits” with the passage 

of time. And check this for ultra
low leakage current: for a 2 pi, 

6 volt capacitor . . . only 1.0 /¿a 
max.; for a 300 pf, 6 volt ca
pacitor ... 3.5 pa max.! Engineer
ing Bulletin No. 3110 gives the 
complete story. 85°C standard.

'Trademark

VERTI-LYTIC*
CAPACITORS

These space-saving Type 89D 
’lytics are designed for easy man
ual upright mounting on printed 
wiring boards. Keyed terminals 
assure fast mounting and correct 
polarity. No reworking on the 
assembly line. Sturdy pre-molded 
phenolic shell with resin end-fill 
gives excellent protection against 
drying-out of the electrolyte or 
the entry of external moisture. 
The phenolic case eliminates the 
necessity for additional insula
tion. Reasonably priced for mass 
production receivers. Engineer
ing Bulletin No. 3060 lists stand
ard ratings with performance 
data.

FOR ENGINEERING BULLETINS on the industry’s first com
plete line of subminiature aluminum electrolytic capacitors, 
write Technical Literature Section, Sprague Electric Com
pany, 347 Marshall Street, North Adams, Massachusetts.

CAPACITORS

The ideal capacitor for appli
cations where low cost is the pri
mary consideration is Sprague’s 
new Type 31D. Capacitor sec
tions are housed in a dense steatite 
tube with resin end-fill to provide 
protection against mechanical 
damage and atmospheric humid
ity. This construction results in 
excellent capacitor performance 
for all miniature electronic cir
cuits. Size for size, they’re the 
smallest the industry has pro
duced in a ceramic-cased alu
minum electrolytic. Engineering 
Bulletin No. 3010 details stand
ard ratings and gives perform- 
mance data.

SPRAGUE
the mark of reliability

SPRAGUE COMPONENTS:

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSIST(

FILTERS • PULSE NETWORKS • HIGH TEMPERATURE MAGNET WIRE 
CIRCLE 389 ON READER-SERVICE CARD

CROSS INDEX 1^349 
|h35O 
1^351

Amperex Am Motorola Me
Bendix Be Nucleonics Ni 1N356

Bogue Bo Philco Ph |N357

CBS-Hytron CBS RCA RC; 1 1N358

Clevite C Raytheon Ra IN360
Delco Oe Sprague Sp IN361

General Electric GE Sylvania Sy IN362

General Transistor GT Texas Instruments Tl IN363

Hughes Hu Transitron Tr 1 IN36S
Industro-T ra nsistor Ind Tung-Sol TS I IN366

Minneapolis- Western Electric WE I IN368

Honeywell MH Westinghouse Wh 1 IN369
IN37O
JN371

1N85 WE 2N223 Ph 1 JN372
1N375

2N29 WE 2N224 Ph Ìn378

2N34 Sy 2N226 Ph Ìn377

2N35 Sy 2N228 Sy JN378
2N43 GT 2N229 Sy En379

2N43A GT 2N233 Sy ^N38O
2N44 GT 2N233A Sy j 2N381
2N44A GE 2N234A Be ^N382
2N45 GT 2N235A Be 2N383
2N59 Wh 2N235B Be i ^N384

2N60 Wh 2N236A Be 2N385
2N61 Wh 2N2368 Be ^N386

2N94 Sy 2N238 Tl 2N387
2N94A Sy 2N240 Ph, Sp 2N388.
2N97 Bo 2N242 Be, TS 2N389
2N104 RCA 2N247 RCA, Sy j En393

2N1OS RCA 2N248 Tl En394

2N109 RCA 2N25O Tl ¡2N395

2N110 WE 2N251 Tl ^N396

2N115 Am 2N252 Tl ¡2N397

2N117 TI,Tr 2N253 Tl ¡2N398

2N118 TI,Tr 2N2S4 Tl hN399

2N1ISA TI,Tr 2N2S5 Be, CBS ¡2N4OO

2N119 TI,Tr 2N256 Be, CBS ÌN401

2N12O Tl 2N257 Be, C I Ln402

2N128 Ph, Sp 2N268 Be, C In4O3

2N129 Sp 2N268A Be, C l]N404

2N139 RCA 2N269 RCA ÌN4O5

2N140 RCA 2N270 RCA |jN406

2N145 Tl 2N274 RCA I1N407

2N146 Tl 2N277 De [2N4O8

2N147 Tl 2N278 De I1N409

2N155 Be, CBS, Nu 2N279 Am 1 ÌN410

2N156 CBS 2N28O Am &N411

2N157 CBS 2N283 Am hN412

2N157A CBS 2N284 Am |lN413
2N15S CBS 2N284A Am &N41 4

2N158A CBS 2N285A Be |N416

2N160 Bo 2N291 Tl &N417
2N160A Bo 2N297 Be, C [2N41 8

2N161 Bo 2N299 Ph I1N41Q

2N161A Bo 2N300 Ph I2N42O
2N162 Bo 2N3O1 Be, RCA, Sy liNOO
2N162A Bo 2N301A Be, RCA, Sy I1N421
2N163 Bo 2N306 Sy 11X422

2N163A Bo 2N307 Be liN424
2N172 Tl 2N307A Sy I1N425

2N173 De 2N308 Tl 11X426

2N174 De 2N309 Tl, Tr [1N427

2N174A De 2N31O Tl 1 1N428

2N175 RCA 2N311 GT 11N438

2N176 Be, Mo 2N312 GT, Sy I1N439

2N178 Mo 2N313 GT 1NJ4O
2N185 Tl 2N315 GT, Ind I1N44 1

2N193 Sy 2N316 GT, Ind 1N44J
2N194 Sy 2N317 GT, Ind I1N443

2N206 RCA 2N327A Ra 1N444
2N207 Ph 2N328A Ra 1X44?
2N207A Ph 2N329A Ra I1N4 6

2N207B Ph 2N330A Ra I1N447
2N211 Sy 2N332 Bo, GE, Tr 1X450
2N212 Sy 2N333 Bo, GE, Tr | 1N4-1

2N213 Sy 2N334 Bo, Tr 1N4 2
2N214 Sy 2N335 Bo, GE, Tr 13N41 3

2N215 RCA 2N336 Tr 1N4' 4

2N216 Sy 2N344 Ph, Sp 1N4 4

2N217 RCA 2N345 Ph, Sp 1N4 7

2N218 RCA 2N346 Ph, Sp 1N4 8

2N219 RCA 2N347 Bo 1N4 9

2N22O RCA 2N348 Bo

ELECTRONIC DESIGN • Juh< 9, 1951
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h349 Bo 2N46O TS

N35O Mo, Sy 2N461 TS

K351 Mo, Sy 2N462 Ph

N352 Ph 2N463 WE

ki.53 Ph 2N464 Ind, Mo, Ra
N356 CBS, GT, RCA, Sy 2N465 Ind, Mo, Ra
N357 CBS, GT, RCA, Sy 2N466 Ind, Mo
N358 CBS,GT,RCA,Sy 2N467 Ind, Mo

■
N359 Ind. RCA 2N469 GT

N36O Ind, RCA 2N47O Tr

IN361 Ind, RCA 2N471 Tr

IN362 Ind, RCA 2N472 Tr

IN363 Ind, RCA 2N473 Tr

IN364 Tl 2N474 Tr

IN36S Tl 2N475 Tr

IN366 Tl 2N476 Tr

IN368 Tl 2N477 Tr

IN369 Tl 2N478 Tr

IN37O RCA, Sy 2N479 Tr
— Bi IN371 RCA 2N4BO Tr

tN372 RCA, Sy 2N4B1 Ind, Ra

IN375 Mo 2N482 Ind, Ra

IN376 Mo 2N483 Ind, Ra

IN377 CBS, Sy 2N4B4 Ra
1N378 TS 2N4B5 Ind, Ra

IN379 TS 2N486 Ind, Ra
2N38O TS 2N487 Ra
IN381 TS 2N495 Ph
2N382 TS 2N496 Ph
2N383 TS 2N497 Tl, Tr
2N384 RCA 2N498 Tl, Tr

2N385 CBS, Sy 2N499 Ph
BN386 Ph 2N5OO Ph
BN387 Ph 2N5O1 Ph
BN388- CBS, Sy 2N5O2 Ph
2N389 Tl 2N5O3 Ph

’ 1 ÌN393 Ph, Sp 2N5O4 Ph
BN394 GE 2N5O8 GE
2N395 GE 2N5O9 WE
BN396 GE 2N515 Sy
RN397 GE 2N516 Sy
DN398 RCA 2N517 Sy
BN399 Be 2N518 GE

1 5N4OO Be 2N519 GT, Ind
1 pN401 Be 2N52O GT, Ind
ÌN402 Wh 2N521 GT, Ind
IN403 Wh 2N522 GT, Ind
BN404 RCA, Ra, TS 2N523 GT, Ind
ÌN405 RCA 2N524 GE
■N406 RCA 2N525 GE
ÌN407 RCA 2N526 GE
|N408 RCA 2N527 GE
JN409 RCA 2N529 GT
ÌN410 RCA 2N53O GT
DN41 1 RCA 2N531 GT
|N412 RCA 2N532 GT
In413 Ind, Ra, TS 2N533 GT
|N414 Ind, Ra, TS 2N534 Ph
nN416 Ind, Ra, TS 2N535 Ph
■ N417 Ind, Ra, TS 2N536 Ph
hN418 Be 2N538 MH
■ N419 Be 2N538A MH
Bn42O Be 2N539 MH

Sy »N42OA Be .2N539A MH
A, Sy ÌN421 Be 2N54O MH

ÌN422 Ind 2N540A MH
Bn424 Tl 2N541 Tr
BN425 Ind, Mo, Ra, TS 2N542 Tr
Bn426 Ind, Mo, Ra, TS 2N543 Tr
DN427 Ind, Mo, Ra, TS 2N544 RCA, Sy
■ N428 Ind, Mo, Ra, TS 2N545 Tr
■ n438

CBS 2N546 Tr
BN439 CBS 2N547 Tr
hN44O CBS 2N548 Tr

1 ■ N44 1 De 2N549 Tr
I ■ N4^ 2 De 2N55O Tr
1 BN443 De 2N551 Tr

■ N444 GT 2N552 Tr
RN44 5 GT 2N553 De
UNA/ 6 GT 2N554 Mo
IIN447 GT 2N555 Mo:, Tr BN45O

GE 2N56O We
Tr ■NASI

GE 2N563 GT
[IM 2 GE 2N564 GT

:, Tr 1N453 GE 2N565 GT
JN454 GE 2N566 GT
JN456 Tl 2N567 GT
1N457 Tl 2N568 GT
|N4s 8 Tl 2N569 GT
|N4‘9 TS 2N57O

GT 1

UAP
TRA

COLD PLATE controls^ 

nsistor junction 

erature!

minimizes transistor derating 
for thermal conditions ...
UAP cold plate U-521330, designed for Collins 
Radio Company, dissipates heat generated by power 
transistors used in ground and airborne electronic 
circuits. The heat is transferred across a pressure 
thermal contact to cooling air. The cold plate con
trols the transistor junction temperature within op
erating limits compatible with the installation. 
Therefore, transistor derating is minimized.

The cooling air, which is forced through the cold 
plate, can be ducted from an air cycle refrigeration 
system; a ram air supply; an air manifold within

the electronic compartment or a pressurized equip
ment package.

The aluminum cold plates are bonded by UAP’s 
dip braze method which produces extremely light
weight assemblies with maximum heat transfer area 
within the core. Cold plates can be used individually 
or assembled in manifolded banks.

DESIGN PERFORMANCE CHARACTERISTICS 
_________________ OP U-521330 COLD PLATE______________

Air flow: 7 lbs. per hr.
Air pressure drop: 0.25" H.O corrected to .0765 density
Temperature drop in' cold plate: 1.5’C per watt dissipated
Weight: Approximately 1 oz.
Performance characteristics can be modified to requirements.

For complete information call the nearest UAP Contractual Engineering Office

CALIFORNIA................................................1101 Chestnut St., Burbank Calif., VI 9-4236

NEW YORK........................................ 50 E. 42nd St., New York 17, N. Y., MU 7-1283

OHIO...................................................... 1116 Bolander Ave., Dayton, Ohio, BA 4-3841

CANADA................................... United Aircraft Products, Ltd., 5257 Queen Mary Road,
Montreal, Canada, ELwood 4131
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UNITED AIRCRAFT PRODUCTS, INC.
1116 BOLANDER AVENUE, DAYTON, OHIO
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"beat the clock" 
on every electronic test

€4«

44 -

C ROBOTESTER SLASHES TEST TIME AND EXPANDS CHECKOUT CAPABILITIES

CUTS

FINAL TEST

TIME

80%

A state-of-the-art 
ADVANCE 

with unlimited 
applications

The new Lavoie Robotester brings a fresh viewpoint to operational 
testing and production line checkout through continuous, high-speed 
sampling and comparison . . . split-second recognition, isolation, and 
identification of abnormal functions — with the added versatility and 
flexibility of pre-programmed acceptance standards.

Nominal circuit values and specified tolerances ar,e tape-punched 
in minutes to accommodate voltages (AC and DC) from 0.5 to 500 volts; 
resistances from 1 ohm to 9.99 megohms; and tolerances of 1%, 5%, 10%, 
and 20% of nominal. The Robotester will check any two of 250 circuit 
points at rates up to 100 tests per minute. Automatic operation stops 
when an out-of-tolerance value is met, while nixie-tube readout 
identifies the isolated, faulty circuit.

The high speed of the Robotester means a saving of up to 80% of your 
production test time or a five-fold increase in test capabilities . . . NOW.

In research, development, manufacturing
In avionics, communications, missile count-down
In design, production, maintenance

MORGANVILLE. NEW JERSEY

CROSS INDEX cont.

Amperex Ait Motorola Mr
Bendix Be Nucleonics Ni
Bogue Bo Philco Ph

CBS-Hytron CBS RCA RC •> Hi
Clevite C Raytheon Ro

Delco De Sprague Sp
General Electric GE Sylvania Sy

General Transistor GT Texas Instruments Tl
Hughes Hu Transitron Tr

Industro-Transistor Inc Tung-Sol TS
Minneapolis- Western Electric W ’

Honeywell Ml-1 Westinghouse W 1. 1

2N571 GT 2N652 Mo GT83 ( T I
2N572 GT 2N653 Mo GT87 CT I
2N574 MH 2N654 Mo GT88 CT I
2N574A MH 2N655 Mo GT1O9 GT g
2N575 MH 2N656 Tl GT122 GT I
2N575A MH 2N657 Tl GT123 GT I
2N576A Sy 2N658 Ra GT153 GT B
2N578 RCA, TS 2N659 Ra GT167 GT !
2N579 RCA, TS 2N66O Ra GT222 CT 1 This
2N58O RCA, TS 2N661 Ra GT229 CT I
2N581 RCA, TS 2N662 Ra GT269 CT 1 p use
2N582 RCA, TS 2N669 Mo GT758 CT 1 Iso U!
2N583 RCA 2N670 Ph GT759 GT 1
2N584 RCA 2N671 Ph GT7S9R GT 1 pre t<
2N585 RCA 2N677 Be GT760 CT 1 pun
2N586 RCA 2N677A Be GT760R CT 1
2N587 Sy 2N677B Be GT761 CT I tir ci
2N588 Ph 2N677C Be GT761R CT I bro 1
2N589 Ph 2N678 Be GT762 GT I
2N592 GT 2N678I Be GT762R GT I 13 ust
2N593 GT 2N678I Be GT763 CT 1 re als
2N594 GT 2N678C Be GT792 GT I
2N595 GT 2N679 Sy GT792R CT 1 rn id
2NS96 GT 2N680 Tl GT9O3 CT 1 [ith t
2N597 Ph 3N2S Tl GT9O4 GT 1
2N598 Ph 3N36 GE GT90S GT 1 iseml
2N599 Ph 3N37 GE GT947 CT I Trai
2N602 GT 204A Tl GT948R CT
2N6O3 GT 800 Tl H3A MH 1 li «ad
2N604 GT Bl 13 Be H4A MH
2N6O5 GT Bl 59 Be H5SCL MH
2N6O6 GT B177 Be H6SCL MH
2N607 GT B178 Be H7SCL MH
2N6O8 GT B179 Be H45 MH
2N6O9 Wh CK13 Ra H2OOE MH
2N61O Wh CK14 Ra HA5OO1 Hu
2N611 Wh CK16 Ra HA5OO2 Hu
2N612 Wh CK17 Ra HA5OO3 Hu
2N613 Wh CK22 Ra HA5OO5 Hu
2N614 Wh CK25 Ra HA5OO9 Hu
2N615 Wh CK26 Ra HA5O11 Hu
2N616 Wh CK27 Ra HA5014 Hu
2N617 Wh CK28 Ra HA5O16 Hu
2N618 Mo CK64 Ra HA5O2O Hu
2N619 Ra CK65 Ra HA5O21 Hu
2N62O Ra CK66 Ra HA7SO1 Hu
2N621 Ra CK67 Ra HA7502 Hu
2N622 Ra CTP111 2 C HA7S06 Hu
2N623 Tl CTP111 7 C HA7907 Hu
2N624 Sy CTP1135 C HA751O Hu
2N625 Sy CTP1137 C MIL-T19 S00 M
2N627 Mo CTP15O3 C OCIAD Am
2N628 Mo CTP1S1 2 C OC16E Am
2N629 Mo DT8O De OC16G Am
2N63O Mo DTI OO De OC3O Am In
2N631 Ra GAS2829 WE OC6S Am 1 '
2N632 Ra GA93104 WE OC66 Am Hk<i
2N633 Ra GA93149 WE RD316 Bo
2N634 GE GAS3194 WE SCL7OO2/18 » ■1 ii
2N63S GE GA53242 WE SCL7OO2/19 *' Ire
2N636 GE GT14 GT ST400 Tr
2N637 Be GT2O GT ST401 Tr ■W (
2N637A Be GT34 GT ST402 Tr rt 11
2N637B Be GT34HV GT ST403 Tr
2N638 Be GT34N GT ST903 Tr hqm
2N638A Be GT34S GT ST904 Tr ■ Tut
2N439 Be GT39/2N3S GT TR81 Ind
2N439A Be GT74 GT TR722 Ind p®"'
2N439B Be GT79 GT TR764 Ind
2N45O Mo GT81 GT TS627 TS
2N491 Mo GT81H5 GT TS428 TS ■ )

GT82 GT TS629 TS
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Core Plane Tester
Programmed outputs

GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
GT 
MH 
MH 
MH 
MH 
MH 
MH 
MH 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 
Hu 

too
Am 
Am 
Am 
Am 
Am 
Am 
Bo

FOR A MIRROR BRIGHT FINISH 
"SILVA-BRITE" SILVER PLATING PROCESS... Provide« hard, 
bright, highly-ductile finish in stable deposits from flash to heavy. 
Water-clear solution enables plater to watch process,- parts 
falling into tank may be recovered without contamination. 
Uniformly good results with current densities from 10 to 
40 amperes per square foot; operation and control are non- 
critical, economical. Filtration through activated carbon removes 
organic contaminants; no purification downtime. Excellent 
throwing power, less tendency toward bath decomposition or 
fumes. Write for technical bulletin.
American Platinum & Silver Division, 231 New Jersey Railroad 
Avenue, Newark 5, N. J.

CIRCLE 101 ON READER-SERVICE CARDThis unit is a transistorized core tester that can 
L used for automatic core plane testing. It is 
so useful for magnetic research or individual 
bre testing. The current outputs can be pro- 
Lammed to give various combinations of full or 
hlf currents. The currents are adjustable from 
bro to 1.5 amp. Rise time adjustments from 
13 |isec to 1 psec are provided. Current widths 
|e also controllable. Accurate current control is 
Lovided and maximum reliability is achieved 
[ith the use of transistors and printed circuit 
Isemblies throughout.
¡Transistor Applications, Inc., Dept. ED, 50 
Load St., Boston, Mass.

CIRCLE 402 ON READER-SERVICE CARD

Silicon Rectifiers
1250 w of rectified power

[Peak inverse voltage ratings for the series | 
licon rectifiers are 100, 200, 300, and 400 v. The 
1 units are rated at 1.5 amp de at a tempera- 
Ire of 100 C. They feature low forward drop, 
p current density, and axial leads. Type J-2 
Ictif ers are rated at 10 amp de to 100 C. They 
huire a cooling fin or heat sink to limit tem- 
pat ire rise. Mounting is by means of a #10-32 
Id.
iSaikes Tarzian, Inc., Rectifier Div., Dept. ED,
5 N. College Ave., Bloomington, Ind.

CIRCLE 403 ON READER-SERVICE CARD

CONTACTS

H. A. WILSON

CHEMICAL 
DIVISION

FOR CONTROLLING TEMPERATURE
THERMOMETAL® ... for use in electrical appliances, thermal 
cutouts, heating controls • . • in any application involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Supplied in strip form, 
rolled and slit to close tolerances and tempered to meet 
specifications. Also supplied as elements and sub-assemblies, 
with or without contacts attached, fabricated in accordance 

with specifications.
H. A. Wilson Division, U. S. Highway No. 22, Union, N. J.

CIRCLE 102 ON READER-SERVICE CARD

FOR PURIFYING AND PURIDRYING
DEOXO® PURIFIER . •. provides low-cost catalytic purification 
of hydrogen and other gases to the extent of less than 
one part oxygen per million. Requires no operating expense, 
no maintenance, no reactivation, no auxiliary heating, 
no water cooler. DEOXO® DUAL PURIDRYER . .. combines 
continuously-operating, dual tower, automatically-run drying 
unit with the features of Deoxo Purifier—catalytically 
produces pure, dry hydrogen, so pure it contains less than 
one part oxygen per million, so dry that it has a dew point 
of better than —100° F.
Chemical Division, 113 Astor Street, Newark 2, N. J.

CIRCLE 103 ON READER-SERVICE CARD

NEWARK
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Varian Strip Chart Recorders

POTENTIOMETER PERFORMANCE* AT MODERATE COST

Varian G-l O — Portable for laboratory or bench 
use where chart accessibility is of prime importance. 
Base price $340.

Varian G-11A — For panel, rack or portable use; 
designed for OEM, lab or field for long-term monitor
ing. Base price $450.

NEW PRODUCTS
Transformers

Wide band

Designed for operation from 100 kc to 100 n 
with minimum insertion loss, type 1210 trans 
formers may be used for step-up or step-do^ 
The impedance ratio is 600 ohms; 75 ohms. Com 
balance, low cross talk, and minimum capacity 
coupling are achieved.

North Hills Electric Co., Inc., Dept. E 
Mineola, N.Y.

CIRCLE 134 ON READER-SERVICE CARD

Three-Phase Oscillator
Facilitates component testing

*

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 SPECIFICATIONS

• Spans as low as 10 mv

• 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

Varian recorders are sold and serviced 
throughout the free world by 

representatives in principal cities.

PALO ALTO 2 1, CALIFORNIA

Varian Associates manufactures Klystrons, Traveling Wave Tubes, Backward Wave Oscillators, Linear Accelerators, Microwave System Components, 
R. F. Spectrometers, Magnets, Magnetometers, Stalos, Power Amplifiers and Graphic Recorders and offers research end development services.

CIRCLE 133 ON READER-SERVICE CARD
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Model 603 three-phase oscillator provides! 
wide range, variable-frequency three-phase 1 
nal source. Coupled with three amplifiers, it ¡1 
be used for variable speed-control of synch! 
nous or induction motors; the testing of systen] 
or components required to operate over a rani 
of frequencies varying from the normal; and ii 
testing gyros.

Genisco, Inc., Dept. ED, 2233 Federal Ava 
Los Angeles 64, Calif.
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Transistor 
Mounting

For P-C boards

The Transipad, a glass filled Diallyl Phthb 
wafer with three holes and three hemispheric

Tl 
turcs 
put 
phi ì 

of í . 

Un 
Icori

I 
|mii
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EIHIbrco^-^

Recorder

data from de to 100For recording electrical

CIRCLE 137 ON READER-SERVICE CARD

se si

nei

i ran!

DM42DM20DM15

THE ELECTRO MOTIVE MFG. CO., INC
WILLIMANTIC

• dipped paper• molded mica
o silvered mica filmstubular paper

CIRCLE 138 ON READER-SERVICE CARD

Sensitivity of 
2 mv/mm

El Meneo “Dur-Micas

ELECTRONIC DESIGN • July 9, 1958

• Debugging — the removal of early 
failures by subjecting mica capacitors to 
short life test« at elevated voltages and 
temperatures ... THE SCORE ... 
DM30, 10,000 MMF, "Debugged” 
El-Menco Dur-Mica Capacitors . . . 
subjected to 257,000 hours of life at 
85°C with 100% of the rated DC 
voltage applied ... turned in a record 
computed reliability performance — 
APPROX. 0.6% CUMULATIVE FAILURES 
OR ONLY 1 FAILURE PER 43 MILLION 
UNIT-HOURS

• Specially-selected, highest-grade 
India Ruby mica films . . . pre-tested to 
have highest insulation resistance . .. 
greatest dielectric strength . . . lowest 
dissipation factor. Specially developed 
dipped coating retains the superior 
properties of India Ruby mica.

ACTUAL 
SIZE

Avoid Costly Breakdowns 
with 
Two-Way Built 
In Rugged Reliability.

superior engineering know-how... 
combine to build In El-Menco 
Dur-Mica Capacitors the highest 
reliability ... to give long, ever-ready, 
powerful service in electronic equipment 
— from lightning-fast giant brains to 
tiny transistor receivers.

Write for 
FREE ¡ample and catalog 
on your firm’s letterhead.

cps, the ER-20 direct-writing strip chart re
corder features direct-coupled amplifiers which 
[give a sensitivity of 2 mv/mm. Stylus deflection 
on each channel is 40 mm, with an accuracy of 
2 per cent.

Mandrel Industrial Instruments, Dept. ED, 
I5134 Glenmont Dr., Houston, Tex.

have proved their tremendous power 
and ability under accelerated conditions 
of I Vi times rated voltage at ambient 
temperatures of *25°C and 150cC, 
winning out over all other« in longes* 
life, most powerful performance, 
smallest size, greater* stability.

DM15, DM16, DM19, DM20, 
DM30. DM40, DM42, DM43 ... 
perfect for extreme miniaturization^ 
ideal for new miniatured design» and 
printed wiring circuits. New "hairpin" 
parallel leads insure easy applications 
in radio, television, guided missiles. 
El-Menco Dur-Micas meet all humidity, 
temperature and electronic 
requirements, including military specs.

4 his lumped-constant decade delay line fea- 
tur. s high impedance output. The following in
put are available: 500 ohms, 1000 ohms, 2000 
ohi is. Variable from 0 to 11 psec, in increments 
of L usee, with rise times of 0.25 microsecond. 
Un s are provided with coaxial input and output 
con lectors.

I >sco Inc., Components Div., Dept. ED, Cum- 
pii ¿;ton St., Boston, Mass.

Decade Delay Line
High Impedance Output

El-Menco Capacitor*

CONNECTICUT

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada

CIRCLE 139 ON READER-SERVICE CARD

permits easier installation and more reliable 
Counting for transistors on printed circuit 
loi rds. Designed especially for Jetec 30 transis- 
ors, the device eliminates the need to use leads 
L supports and permits lower, more stable 
Inounting "with positive insulation between the 
transistor case and the printed circuit conduc- 
ors. The Transipad is approved under MIL-M- 
18794 SDG.
| Milton Ross Metals Co., Dept. ED, Davis ville 
Rd., Bucks County, Southampton, Pa.
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New precision tn glass:

precision 
glass puts 
giant thyratron 
on target

NEW PRODUCTS
Trimmer
2 w at 85 C

tf im] 
Lown 
etc etc 
k fre

i Iths 
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The 33 megawatt hydro
gen thyratron shown 
above is just one of the 
many special purpose 
electronic tubes manufac
tured by Chatham Elec
tronics, a Division of 
Tung-Sol Electric, Inc. 
The precision glass com
ponents shown in both 
photos are typical of 
those supplied by F & P 
for use in thyratrons and 
other tube products man
ufactured by Chatham.

Here’s a job in precision glass fabricat
ing that wasn’t easy — not even for the 
experienced production staff of Chatham 
Electronics, Division of Tung-Sol Elec
tric, Inc.
This giant hydrogen thyratron just had 
to have its anode stem precisely centered 
at the top of the tube. The slightest lack 
of uniformity in the glass components 
used to make up the stem assembly would 
throw the anode off-center, resulting in 
spurious discharges, arcs, and misfires. 
Such behavior could hardly be tolerated 
in the high power radar pulse modulator 
service for which the tube was designed. 
Glass components made to conventional 
tolerances were not good enough!
That’s when F&P was called in. Recom
mended by 20 years of experience in the 
field of precision glass forming and fab
ricating, F&P was the company chosen 
most likely to meet the strict ID-wall 
thickness-concentricity requirements of 
this critical application. F&P not only 
succeeded in furnishing components to 
the required tolerances, but also worked 
with Chatham in solving related glass 
design and fabricating problems. How’s 
that for service?
This is just a sample of what F&P can 
do for you in precision glass. F&P has 
met tolerances as low as ±.0001 in. . . . 
in special types of glass tube enclosures, 
glass switch components, miniature glass 
battery enclosures, and precision molds. 
If you would like to explore the possi
bilities of using precision glass in your 
designs, contact the Glass Products 
Division, Fischer & Porter Company, 
5778 County Line Rd., Hatboro, Penna.

Glass Products Division

The RVG-8T trimmer potentiometers aid 
stocked in resistance ranges of 20 to 50,000 ohnJ 
and are available to 100,000 ohms. The standard 
unit has a rating of 2 w at 85 C derated to zer 
at 150 C. Resistance tolerance of ±5 and linear 
ity of ±3 are produced with windings on both 
cards and mandrels.

Gamewell Co., Dept. ED, Newton Upper Falk 
Mass.
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Retaining Rings
Easily identified
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A complete series of retaining rings are avail ! 
able for instrument use. Ring size is engraved on! 
each piece for size identification. The rings are! 
available stacked on rods for automatic assembly! 
operations.

Rotor Clip Co., Dept. ED, 114 Allen Blvd I 
Farmingdale, N.Y.
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l-F Amplifier
With detector and cathode follower

This modified version of the M-200 Series of
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f unplifiers includes two models which are 
town as the M-230A and M-235A. A built-in 
Let ctor and cathode follower is featured. Cen- 
k frequency for both units is 30 me. Band- 
iJths are 2 me and 10 me respectively.
instruments for Industry, Inc., Dept. ED, 150 

tlen Cove Rd., Mineola, N.Y.
CIRCLE 143 ON READER-SERVICE CARD
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Servo Breadboard
Provides accurate test results

CAPACITORS
HERMETICALLY SEALED PAPER TUBULARS
These high reliability subminiature capacitors are encased in brass 
tubular metal cases, hermetically sealed with Sangamo’s exclusive 
“INNERSEAL” glass-to-metal terminal that gives utmost protection 
against leakage under severe operating conditions.

Sangamo Type S Capacitors meet the performance requirements of 
MIL-C-25A, MIL-C-14157A, and MIL-C-26244USAF. For design convenience, 
several choices are available with regard to tolerances, circuit assembly, 
lead styles, mounting brackets, insulating sleeve, and inductive or 
non-inductive sections. Engineering Catalog No. 2421 gives complete 
information. Popular styles and ratings are available from stock.

SANGAMO ELECTRIC COMPANY
SPRINGFIELD. ILLINOIS $Ci

CIRCLE 146 ON READER-SERVICE CARD

75

Power Supplies
Short-circuit proof

SANGAMO TYPE S

I This 'apparatus consists of stocked components 
Lhich may be assembled quickly into a variety 
|f 2-7/8 in. diam mechanisms. As many as six 
knehro style components of any pilot diameter 
Lay be mounted. Standard gear ratios range from 
11 to 78,125:1. Antibacklash gearing is available 
m all ratios. The fixed gear center mechanisms 
Irovide test results which truly represent the be- 
Lvior of a correctly designed production unit.
I Precision Mechanisms Corp., Dept. ED, 577 
tewbridge Ave., East Meadow, N.Y.

CIRCLE 144 ON READER-SERVICE CARD
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| These transistorized power supplies feature 
bee-way short circuit protection, including a 
|gh-speed circuit breaker. Regulation is 0.1 or 
pl v for extremes of line and load. Ripple is 
hs than 0.001 v. Wide range models start at 0 to 
|v i<p to 0 to 36 v. Current ratings are up to 
p amp.
I Ele ctronic Measurements Co., Inc., Dept. ED, 
l^to town, N.J.
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NEW PRODUCTS

Toroidal Transformers
For de to de converters

Mod
A standard line of toroidal transformers io mces

de to de or ac transistorized converter applio 
tions is available. Dual purpose transformers fo 
switching power transistors and supplying vai

p to - 
Te p 
?sted

ous output voltages have power ratings to lì ‘cted 
w, inputs of 6,12, and 24 v de, and outputs to 60 iff®- T 
v. Basic power transistor switching transformer cceler 
for use with other multiple tap power trans on-
formers are available for use with transistors o Aero
different power ratings. Units are uncased, ei tept.1
capsulated, or hermetically sealed.

Polyphase Instrument Co., Dept. ED, E. 4 
St., Bridgeport, Pa.
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,N.Y.

Force Transducer
1.68 v output

FOTOCERAM circuit board blanks are made photographically. All holes and 
shapes are produced by simple exposure to light, heat, and an etching operation.

A differential transformer type force trans 
ducer, the model 9-1 features a high output«

meet or exceed MIL-E-005272B environment! sec c
incJ

WORKS, Bradford, PaCORNING GLASS
Te
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EC

cycles of copper metallizing at 500°F. 
and could not find a single blister or

0.006
0.014

ature drift and sensitivity at zero are maximin 
of 2 per cent at full scale per 100 F. Units ha’ 
75-lb or 240-lb capacity with a ring element di 
sign. Maximum linearity is 0.5 per cent, an 
hysteresis does not exceed 0.09 per cent. Uni

5.6
6.3
0.034
0.088

Typ 
'ope

For more information, write for our 
Data Sheet on Fotoceram.

Monrovia, Calif.
CIRCLE 149 ON READER-SERVICE CARD
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Electronic Components Sales Department
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considerations—eliminates problem of 
warp and twist.

Good adhesion • It takes 12-25 pounds 
to peel a one-inch copper strip from 
a Fotoceram board.

Exceptional pull strength • 1400 pounds 
per square inch.

No water absorption • Fotoceram’s 
nonporous—zero water absorption.

Non-flammable
No blisters • Fotoceram never blisters. 
We put it through repeated 15-second

1.68 v full scale with input of 115 v ac at 60 cf 
into a 5000 ohm resistive load. An efficient ma! Pe 5

requirements.
Edcliff Instruments, Dept. ED, P.O. Box 56 orn

netic circuit makes the output possible. Tempe Ca1 c
andli

sign of peeling or failure.
Other properties:

Dissipation factor
Imc @ 20°C. 

@ 200°C. 
Dielectric constant

1 me @ 20°C. 
@ 200°C. 

Loss factor lmc@ 20°C. 
@ 200°C.

This is a FOTOCERAM printed circuit
... an unusual new type of printed circuit board

Reliable through-plate holes • The 
good adhesion of the circuit runs ap
plies also to the through-plate holes 
because both are produced with one 
plating operation.
Excellent resolderability • We have re
moved and resoldered components 
over twenty times on a Fotoceram 
board without damage to circuit runs 
or through-plate holes. And this is with
out using adhesives to bond the copper 
to the board.
Dimensional stability • Rigid structure 
of Fotoceram prevents unusual design



Shock Tester
Provides 77 g on 400 lb units

CHARA

E. 4

for Measuring Transistor

K» Drive voltage: 
0.2 v/step 
through 
20 kilohms.

Model 30 K drop test machine provides shock 
?rs b irces 1° excess of 77 g on specimens weighing
>plica 
ersio

p to 400 lb. The machine consists of a piston 
,pe platform on which the equipment to be 
?sted is mounted. The platform is then sub-? vari

to B ?cted to a free fall into a cylinder of air pres-
to
□rm 
tr

tors
>d,

NEW

UNIT

The Type 5.1/54R 
I nit can trigger the 
Oscilloscope sweep 
either on the start of 
the test pulse only, 
or on both the start 
and finish to display 
delay, rise, storage, 
and fall times 
si mu Ila neon sly.

High-Frequency Characteristics
by the Pulse-Response Method

The Type 53/54R Unit and your Tektronix Oscilloscope with 
the Plug-In Feature equip you to measure transistor delay, 
rise, storage, and fall times. No other equipment is needed. 
Just plug in the Type 53/54R Unit and you’re ready to go.

Price—$300 f.o.b. factory

ERISTICS
Type 532—0.07 psec (The Type 532 and Type 536 

have an additional limitation in the lack of 
signal delay in the main vertical amplifier).

Amplitude —0.02 v to I 0 v, continuously adjustable, 
across 50 ohms. Eight calibrated steps—0.05, 0.1, 
0.2, 0.5, 1, 2, 5, and 10 v.

Bias Supply
—0.5 v to 4-0.5 v and — 5 v to + 5 v, continuously 
variable. Current Capability— +1 00 ma.

Calibrated Vertical Deflection
0.5, 1,2, 5, 10, 20, 50, and 100 ma cm collector current.

Collector Supply
1 to 1 5 v continuously variable, positive or 
negative. Current Capability, 400 ma.

Mercury«Switch Pulse Generator
Risetime less than 0.005 /tsec. Overall risetimes 
with the oscilloscopes are as follows:

Types 541, 543, 545—0.012 /isec
Type 551—0.014 psec
Type 533—0.023 sec
Types 531, 535, 536—0.035 /tsec

re. The advantages offered are repeatability of 
celeration waveforms and simplicity of opera- 

on.
Aeroflex Corp., Aeroflex Laboratories Div., 
ept. ED, 34-06 Skillman Ave., Long Island City 

, N.Y.
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Class A drive 
0.1 v through 
1 kilohm.

Drive voltoge: 
0.02 v/step 
through 
50 ohms.

Drive voltage: 
0.05 v, step 
through 
1 kilohm.

tra 
tput
60 

it ma 
emp 
xim 
ts hi 
ent
it, a 
. U 
unen

Dual-Beam Oscilloscope
DC to 25 me

Type 551 is a dc-to-25 me dual-beam oscillo- 
ope with the company’s plug-in feature. All 
pe 53/54 plug-in units can be used in both ver- 
cal channels, providing a high degree of signal- 
andling versatility. Risetime of the two main 
rtical amplifiers is 0.012 psec, and both have
2-gsec signal-delay networks. The type 551 
Vee> is common to both beams. Twenty-two 
librated direct-reading sweep rates from 0.1 
ec, cm to 5 sec/cm are provided, with a vernier 
nc. librated) control for continuous adjustment 
om 0.1 psec/cm to 12 sec/cm.
Te tronix, Inc., Dept. ED, P.O. Box 831, Port
ed 7, Ore.
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High-frequency characteristics of a transistor under five dif
ferent conditions of drive In each pair, the photograph at 
left shows delay time and rise time, the start of the driving 
pulse coinciding with the 2-cm graticule line. The second 
photograph of each pair shows storage time and fall time, 
the end of the pulse coinciding with the 2-cm line. The 
Type 53 54R Unit plugged into a Tektronix Type 543 Oscillo
scope — 3.5-v collector supply, 500-ohm collector load, 
2-ma div vertical calibration, 0.5-/isec div sweep rate. Driv
ing conditions at left of each pair.

Low-frequency characteristics of the 
same transistor under driving conditions 
paralleling those of the first three pairs 
at left. Family of curves photographed 
on a Tektronix Type 575 Transistor-Curve 
Tracer— 0.5-v/div horizontal calibration, 
1-ma div vertical calibration, 500-ohm 
load line. Driving conditions at right of 
each photograph.

|M«j lassassi IssaMlssà^ï
Tektronix, Ine,

P. O. Box 831 • Portland 7, Oregon
Phone CYpress 2-2611 • TWX-PD 311 • Cable: TEKTRONIX
TEKTRONIX FIELD OFFICES: Albertson, 1.1., N.Y. • Albuquerque • Bronxville, N.Y. • Buffalo 
Cleveland • Dallas • Doyton • Elmwood Park, III. • Endwell, NY • Houston • Lathrup Village, 
Mich • East Los Angeles • West Los Angeles • Minneapolis • Mission, Kansas • Newtonville, 
Mass. • Pölo Alto, Cold • Philadelphia • Phoenix • Son Diego • Syracuse • Towson, Md. 
Union, N J. • Willowdale, Ont.
TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc , Ft Myers. Fla , 
Gainesville, Fla.; Bivins & Caldwell, Atlanta, Ga.. High Point, N C.; Hawthorne Electronics, 
Portland, Ore , Seattle, Wash.; Hytronic Measurements, Denver, Colo

Tektronix rs represented in 20 overseas countries by qualified engineering organizations.
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Please call your Tektronix Field Engineer or 
Representative for complete specifications 
and, if desired, to arrange for a demon
stration at your convenience.

ENGI NEERS—interested in furthering 
the advancement of the oscilloscope? 
We have openings for men with creative 
design ability. Please write Richard 
Ropiequet, Vice President, Engineering.



KEEP UP-TO-DATE ON MAGNETICS NEW PRODUCTS I [
Transistor Mounts 
Shock, vibration resistant

Frequency Indicator
Meter and converter in one package
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Now—guaranteed maximum and minimum 
performance limits for tape wound cores !

For the first time you can order tape wound cores with 
guaranteed performance to published limits.
All tape wound cores coming from the hydrogen atmosphere 
annealing furnaces at Magnetics, Inc. are tested by flux reset 
as proposed by the AIEE Working Group on Core Matching 
and Grading*. Thus, standard cores are given a standard 
test to give engineer-designers a standard component whose 
performance is guaranteed within fixed limits.
Magnetics, Inc. has established the limits to provide maxi
mum, minimum and nominal Bm, Br/Bm, H, and gain 
performance data. It is published for one, two, four and six 
mil tape thickness for Orthonol® and Hy Mu 80.
Now it is possible for you to select and order cores specifically 
suited to your design (just as with any other standardized 
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component). You’ll save many hours of experimenting, and 
because the reliability of the data is guaranteed, you’ll be 
sure at every stage of design and production.
The published limits for Magnetics, Inc. tape wound core 
performance are ready now. Write for your copy: Dept.ED-45, 

Magnetics, Inc., Butler, Pennsylvania.

mHEnETICS ine.

•Paper No. TWC-45, Winter General Meeting, AIEE, February, 1958. 
Flux Reset Test m one of two tests proposed for standardization.

These transistor mounts provide standardize 
mounting for all transistors regardless of sized 
shape. They offer shock resistance and prexd 
movement under severe vibration. Temperate 
range is from —60 to -f-99 C. The mounts h 
a low dissipation factor, low conductivity, and 
low dielectric constant.

Delbert Blinn Co., Dept. ED, P.O. Box 751 
Pomona, Calif.
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Headers jrype
One-piece construction 1. th

Square and rectangular headers o£ one-pitBusoic 
construction headers eliminate assembly <)] •iuen 
ation. They are available in nearly every stan®ect r 
ard size and include moat, square flange, anduBes I 
sert type constructions. Inami

Glasseal Products Co. Inc., Dept. ED, 1111 »ctor 
Elizabeth Ave., Linden, N.J. I. Act
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Model FR 305 frequency indicator combini 
an indicating meter with the manufacture! 
transistorized £requency-to-voltage converter I 
a single package. Accurate indication of flfl 
rate, frequency or rpm is provided.

Waugh Engineering Co., Dept. ED, 7$ 
Burnet Ave., Van Nuys, Calif.
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Diode Function Generator
Punched card memory

The Model 100 may be used to generate either 
i-linear functions of an independent input 
tage, or of any parameter which may be con- 
ted to a voltage, or it may be used to gener-
non-linear functions of time by using either 
internal or an external time base. A com
te library of non-linear functions may be 
ated for future use.
slectrol, Inc., Dept. ED, P.O. Box 1152, Bev- 
y Hills, Calif.
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Phase Meter
10 cps to 50 kc range

Type 328-A transistorized phase meter meas- 
‘S the phase angle in degrees between two 

ie-pi« usoidal or non-sinusoidal voltages within a 
/ ope quency range from 10 cps to 50 kc. It is a
r stani 
and ii

lili

ect reading electronic instrument which fea- 
es broad frequency coverage, wide input 
namic range, accuracy and excellent stability. 
\cton Laboratories, Inc., Dept. ED, 533 Main 
. Acton, Mass.
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Relay
With reset lever

Model MA telephone-type relay has a push-to-
ease reset lever. The relay operates on 2.4 w, 

)nl ™ms< c pulses and has contact arrangements up 
4 p It. When the relay operates, a latch lever 
ks the armature in position so that the con- 
4s i main transferred when power is removed

Lcturei 
?rter 
of

CIRCLE 156 ON READER-SERVICE CARD

WC SONIC DESIGN • July 9, 1958

Now...major components
for weapons testing and control systems

come as
reusable, universally adaptable modules

It’s called MATE—Modular Auto
matic Testing Equipment—for go no- 
go readout, the first significant step 
in eliminating obsolescence in auto
matic testing systems.

After extensive surveys, AMF has 
found that all automatic systems, re
gardless of type or complexity, can 
be reduced to the same, basic, pack
ageable components.

WIDE RANGE AVAILABLE

AMF has already designed and pro
duced 19 of these modules—each one 
a self-sufficient package with a dis
tinct responsibility. Available to you 
on an “off-the-shelf” basis now, are 
programming and control modules, 
signal translator modules, compara
tor-evaluator modules and display 
devices.*

UNIVERSALLY ADAPTABLE

These modules can be put together to 
implement any automatic testing pro
gram. Or, any of them can be inte
grated with existing equipment of 
other manufacture.

OBSOLESCENCE ELIMINATED

After serving their purpose for the 
system under test, MATE modules 
can be reintegrated into other sys
tems requiring the same . functions. 
The result: complete flexibility in the 
most complex systems; low-cost com
ponents available on short delivery, 
pre-designed to accomplish many dif-

ferent tasks; modules that retain 
their usefulness and validity after 
weapons systems modification. The 
resulting economies to prime contrac
tors and the military are enormous.

MAJOR ASPECTS OF MATE

The response of all types of weapons 
hardware can be evaluated with 
MATE, including electrical, mechani
cal, and hydraulic. Signal Simulators 
and Transducers are not part of the 
MATE line, but the system is de
signed to match most currently- 
available transducer elements. From 
transducer to display device, MATE 
modules take over.

Control—the test sequence is 
achieved through sequential pro
gramming equipment...punched tape, 
sequential stepping switch or a com
bination of both.

Signal Evaluation—A key feature of 
MATE is the use of either analog 
or digital comparators which evalu
ate data without conversion. Analog 
comparators operate from 5 to 20 
vdc with a nominal operating level of 
10.000 vdc. Analog translators are 
available to convert sinusoidal and 
other complex data for the analog 
comparator.

Reference—Because the entire sys
tem is normalized to operate at 10 
vdc, just one reference supply of 
10.000 vdc, accurate to ±0.02% is re
quired. Methods are provided for re-

motely establishing pre-set tolerance 
limits. Several different display 
devices are also provided.*
Your inquiries invited—Write to Asso
ciated Missiles Products Co. (a divi
sion of AMF), 2709 North Garey 
Avenue, Pomona, California...or to 
AMF, Government Products Office, 
Washington, D. C. or Dayton, Ohio; 
or Los Angeles, Cal.

❖ MATE MODULES AVAILABLE

PROGRAMMING & CONTROL
Program Sequencer Control Panel 

Channel Selector Data Selector 
Translator Selector

SIGNAL TRANSLATORS
AC to DC Translator 

Frequency to DC Translator 
IBM Translator

COMPARATOR-EVALUATORS
LO-GO-HI Comparator (2 modules) 

Differential Error-Detector 
Analog Comparator 

Digital Comparator-Evaluator 
(4 modules)

Quasi-Digitizer

DISPLAY DEVICES A POWER SUPPLY
LO-GO-HI Display Panel 
LO-GO-HI Meter Display 

Quasi Digital Light Display Panel 
28vdc Power Supply 

Analog Reference Standard 
Analog Reference Supply 
Static Pressure Generator

It's called MATE It's from AMF
(Modular Automatic Totting Equipment)

GOVERNMENT
PRODUCTS

Government Products Group

AMERICAN MACHINE & FOUNDRY COMPANY
1101 North Royal Street, Alexandria, Va.
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MATH

WRITE for this brochure listing 
features, method of operation and 
applications of MATE Modules.

the coil.
>. Pot, er & Brumfield, Inc., Dept. ED, Princeton,



NEW PRODUCTS

Heater Element
Total thickness of 0.02 in.

This metal film resistance element is saut

wiched between rubber, fibreglass or other iJ 
sidator as the particular application requires « 
a total thickness of 0.02 in. This insures rad 
transfer of heat and maximum efficiency. The J 
is capable of continuous operation at 500 F, d 
power densities as high as 60 w per sq in.

Thermatic Co., Dept. ED, P.O. Box 585, GrJ 
Neck, N.Y.
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Reverse current: 1OY amp. Rectification ratio: 10,000,000:1

Now... new efficiency for TV power supplies with 
dependable diodes of Du Pont Hyperpure Silicon

Switchable Tuning Unit
Requires one subcarrier discriminator

Requiring only one subcarrier discriminate 
this switchable tuning unit provides regular dad 
reduction quality on all standard telemetry chJ 
nels. It incorporates the company's bandpass an 
low pass output filters and provides a singled 
stallation available with 8, 16, or 24 channels.

Data-Control Systems, Inc., Dept. ED, Dai 
bury, Conn.

CIRCLE 159 ON READER-SERVICE CARD

More efficient power supplies . . . sav
ings in space and weight . . . important 
reasons why T\ manufacturers are re
placing conventional rectifying systems 
w ith silicon diodes. Today, several types 
of silicon diodes and rectifiers are read
ily available for TV circuits. TV manu
facturers have tested silicon rectifiers 
and report no noticeable change in out
put voltage under continuous load con
ditions over long periods of time. Sili-

con components can operate in ambi
ents from —65° to 150° C. They main
tain excellent electrical stability and 
resist aging.
Silicon components have high shock 
and vibration limits. They are up to 
99* < efficient in units operated at 60 cps. 
and require little maintenance. Silicon 
cells permit a rectification ratio as high 
as 10 million to 1—almost negligible 
reverse conductance. Silicon bridges are

available with ratings from 1 to 1,000 
amperes and more than 600 volts rms.
Notetodevice manufacturers :You can 
produce silicon transistors, rectifiers and 
diodes of the highest quality with Du Pont 
Hyperpure Silicon. It’s now axailable in 
three grades for maximum efficiency and 
ease of use . . . with a purity range of 3 to 
11 atoms of boron per billion. Technical 
information on crystal growing is available 
from Du Pont . . . pioneer producer of 
semiconductor-grade silicon.

^NEW BOOKLET ON DU PONT HYPERPURE SILICON
(Hl 11 find our new, illustrated booklet about Hyperpure Silicon 

helpful and interesting—it describes the manufacture, properties 
and uses of Du Pont Hyperpure Silicon. Just drop us a card for 
your copy. E. I. du Pont de Nemours & Co. (Inc.), Pigments De
partment, Silicon Development Group, Wilmington 98, Delaware.

(This offer limited to United States and Canada.)

PIGMENTS DEPARTMENT

aupoiw

Isolator
Frequency range of 3.5 to 9.6 kmc

BETTER THINGS FOR BETTER LIVING
. . THROUGH CHEMISTRY

Model W668-1A-2-0 transverse field isolate 
has a frequency range of 8.5 to 9.6 kmc wil 
isolation at 10 db min and insertion loss of t

[Ted 
keg 
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15 ti 
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CIRCLE 157 ON READER-SERVICE CARD

ELECTRONIC DESIGN • July 9, 19;



MME

s sai

)ass

DAYS
ho npson Products. Electronics Div.

me w
CIRCLE 162 ON READER-SERVICE CARD

WORCESTER, MONTGOMERY COUNTY
!pt ED, 2196 Clarkwood Rd., Cleveland 3

Here’s one of the smallest precision servo motor series currently 
available. The new Daystrom Transicoil Type 6 Motors are 
wound for 26-, 33-, and 52-volt operation. Control phase is center 
tapped for operation with transistor drive. These Motors de
velop .125 oz-in. min. stall torque and 6200 RPM free speed. 
Each unit weighs only .9 oz. and is less than 1J4" overall.

CHONIC DESIGN • July 9, 1958

DATA SHEETS AVAILABLE Write for complete specifications, mechanical data, dimensions 
and characteristics. Be sure to ask about our New 24 HOUR 
SERVICE for servo motors and motor generators.

■■I

technical characteristics of double ridged 
(ivegnide switch model H14A2AA are: fre- 
ency range from 4.7 to 11.0 kmc; vswr under 
[5 to 1; insertion loss of 0.5 db max; crosstalk 
40 db; 1P2T positions; actuator operating volt

Ie fr >m 18 to 30 v de; switching time of 1.5 sec 
k and life of 100,000 actuations.

I i iax. Other features include an input vswr 
[1.10 max with peak power at 300 kw nominal 
I ambient temperature of —65 to +125 C.
Juarfott Co., Microwave Div., Dept. ED, 
814 Oxnard St., Van Nuys, Calif.

CIRCLE 160 ON READER-SERVICE CARD

inels.
3, DJ

IN CANADA:
Daystrom, Ltd., 840 Caledonia Rd 
Toronto 19, Ont.

This 100-channel analyzer model 100 analyzes 
cps bandwidths in the 50-10,500 cps range in

Lee bands. The 30 channel analyzer model 30 
1 ites a single amplitude to frequency, making 

b instant graphic display of complex audio 
kveforms. It is a heterodyne-type analyzer 
Inch separates 4-kc wide band widths up to 20 
i into 29 equal frequency bands. A 30th chan- 
11 is provided for reference.
|Kay Electric Co., Dept. ED, Maple Ave., Pine 
look, N.J.
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FOREIGN:
Daystrom International Div., 
100 Empire St., Newark 12, N. J.

M TRANSICOIL CORP
A Subsidiary of Daystrom, Inc

lires.
s rat

ninal 
ar dal

• PHONE: JUNO 4-2421
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Spectrum Analyzers
100 and 30 channel types

NEW TYPE 8 INDUCTIVE POTENTIOMETER
Thislnductive Potentiometer is an infinite resolution a-c poten
tiometer whose output voltage is linear rather than sinusoidal 
with the angle. Output voltage phase is dependent upon the 
direction of shaft displacement from null. When operated into 
load resistors not less than those specified, output is linear with
in .25% through an angular rotation of +85° through null to -85°.

NEW TYPE 11 INERTIAL DAMPED MOTOR
Here’s inertial damping with no reduction in no-load speed! 
This new Type 11 Motor (BuOrd size 11) provides acceleration 
or deceleration damping in high-speed and high-gain servo 
systems. In non-critical applications, this motor can be used as 
a low-cost substitute for damping motor generators.

NEW TYPE 8 SYNCHROS
The new Daystrom Transicoil Type 8 Synchro Line consists of 
transmitters, control transformers, differentials and repeaters. 
Dimensions equal to BuOrd Size 8. Operation: 115V 400 cycles 
or 26V 400 cycles. Accuracy of ± 10 minutes is standard. Other 
accuracies are available upon request. Corrosion resistant con
struction throughout. Conforms to MIL-E-5272-A. Operating 
temperature range is -54C to +125C. Higher temperature units 
also available.

Waveguide 
Switch

Range from 4.7 to 
1 LO kmc



NEW PRODUCTS

What do these atest aircraft and
have in common?
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with Genisco accelerometers.

been delivered to date.
Send for technical data sheets on all Genisco Accelerometers.
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or instrumentation accelerometers.

switch.
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Ml are equipped with Genisco flight control

What better proof of reliability?

With component reliability getting increased attention 
from missile and aircraft designers, it is significant to 
note the number of supersonic weapon systems equipped

A complete list reads like a roll call of tactical and stra
tegic missiles and aircraft now in the nation’s arsenal.
Included are such weapons as the Atlas, Thor, Nike Ajax,
Nike Hercules, Bomarc, LaCrosse, Bull Pun, Talos,
Dart, Matador, Corporal and Terrior missiles; and the
F100D Super Sabre, F101 Voodoo, F106A, and Canada s
CF105 aircraft. What better proof of the reliability of
Genisco instruments than this acceptance by designers of 
these weapons?
(Combining product reliability with guaranteed delivery 
schedules and competitive pricing has made Genisco the 
free world’s largest producer of potentiometer-type flight 
and fire control accelerometers. More than 40,000 have

Encapsulated Resistors
Operate at 125 C

These encapsulated axial or lug-typi 
wound resistors operate effectively at 125 C 
full rated load, derated to 0 at 145 C. Stan 
miniature in size, they have maximum resis 
values and a low inductance factor. The units 
shock and humidity resistant.

General Resistance, Inc., Dept. ED, 577 I 
156th St., New York 55, N.Y.

Filter
Hiqhpass-lowpass

A dual unit, this direct coupled highpass/1 
pass filter is an addition to the company’s line 
analog filters. Model LH-24D has two individ 
filter units which are identical and may be 
verted from highpass to lowpass by a sei

Spectrum Instruments, Inc., Dept. ED, Box
Steinway Station, L.I.C., N.Y.

2233 FEDERAL AVENUE . LOS ANGELES 64 . CALIFORNIA

Decade Amplifier
Low phase shift

Model 12-D decade amplifier features pr 
sion gain and low phase-shift. Gain is down 1 
than 3 db at 3 cps and 500 kc. Phase shift
nominally zero, and less than 10 deg at 20 c
There is less than 3 per cent change in gain
F to 120 F. Input impedance is greater
100,000 ohm.

Microdynamics Div Plas-Kem Electro
Corp., Dept. ED, 100 W. Alameda Ave., B
bank, Calif.
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Switch
Designed for high voltage use

his hermetically sealed rotary selector switch 
ated at 1650 v de and 20 ma. Other character
's are: 28 v de operating voltage; 2.3 amp coil 
rent at rated voltage; hi-pot rating of 2000 v 
with maximum leakage of 1 pa.
p. H. Leland, Inc., Dept. ED, 123 Webster 
Dayton 2, Ohio.
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Precision Potentiometer
Linearity of 0.015 per cent

Model MST-150 single turn potentiometer is a 
|cision unit with linearities to 0.015 and reso- 
|on compatible with linearity. Dissipation at 
|C is 8 w. Temperature range is 125 C con- 
lious and 160 C short periods.
analogue Controls, Inc., Dept. ED, 39 Roselle 
I Mineola, N.Y.
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Radar Picture Tube
High resolution

Fhe WX3751 high resolution radar picture 
k produces 667 lines to the inch or a scanning 
f 0.0015 in. wide across the 5-in. faceplate, 
tically flat, the faceplate is gray glass to in- 
pse contrast. The tube has a modified P-11 
k phosphor and a metal-backed screen to ob- 

• maximum light output. An electrostatic 
us, magnetic-deflection type, the tube is 13 in.

r
res inghouse Electric Corp., Electronic Tube 
r , Dept. ED, P.O. Box 284, Elmira, N.Y.
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SALES SPI CATIONS

VISCOSITY (CFS)

COLOR (GARDNER)

EPOXIDE 
EQUIVALENT WEIGHT

Avoidable in drum», trwckl 
Try Dow — the batic tour

D. E

1 MAX.

117-1*3

♦

This hand-pourad catting was not avacuatad to remove bubbles.

D t »

64MN4«

MAX

■F

See for yourself the clarity of new Dow Epoxy!
This unretouched photo demonstrates how easy it is to see 
through several inches of Dow Epoxy Resin 332—and thus 
how easy it is to visually inspect parts which are encapsu
lated in D. E. R. 332.
But a perfect inspection “window’ is not the only advantage 
you get when you use D. E. R. 332 for encapsulation. Com
pared to ordinary epoxies, the high purity of D. E. R. 332 
makes possible more uniformity, lower viscosity, longer 
pot life and greater heat resistance. Of special interest also 
for electrical applications, D. E. R. 332 and D. E. R. 331 
are very low in total and hydrolyzable chlorides.

D. E. R. 331 is a standard unmodified resin designed for 
customary applications and D. E. R. 334 is a modified low- 
viscosity resin especially suited for laminating.
All three of these Dow Liquid Epoxy Resins are available 
for prompt delivery to you in drums, truck or tank car lots. 
For complete information on Dow liquid and solid epoxies 
and epoxy novolaks, call your 
nearest Dow sales office. Or 
Write THE DOW CHEMICAL 
company, Midland, Michigan, 
Coatings Sales Dept. 2262P.

YOU CAN DEPEND ON
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NEW PRODUCTSfor your transistorized circuits...
V | I. F.TRANSFORMERS

ACTUAL SIZES SHOWN

custom-built to the Q you require with the
low cost advantages of mass production 
in %", V2" 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 Yi” and up to 140 for the Rl transformers 
have the shunt capacitors built in to meet your requirements.

Available in a variety of terminal 
styles for wired and printed circuits.

Comparator
Permits fast production testing

Type 265-A Q is available for fast products 
testing of coils, capacitors, and resistors. 1 
comparator provides comparison measuremj 
of relative Q, inductance and capacitance d 
ease and accuracy. No operator tuning or ad J 
ment is necessary. Measurement is by means! 
a dot in the center of the crt. Any dot which cJ 
not appear at the center of the crt indicates til 
the component under test is different than ! 
standard. Deviation along the vertical axis shl 
a change in Q, and deviation along the horizom 
axis shows a change in L or C.

Boonton Radio Corp., Dept. ED, Boonton, M
CIRCLE 172 ON READER-SERVICE CARD
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for your transistorized circuits...
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DISC CAPACITORS

copper 

wire

«22 

tinned

l'A"
mm.

SWEDGE LEADS 
for printed circuits 
Insert easy. Lock 
firmly Shoulder pre
vents pushing thru 
board For all hole 
diameters between 
040 and 080.

Cap. in mfd 
"A" dim.

.001 

.285
.005 
.285

.01

.340
.02
.440

Cap. in mfd 
A dim.

.03

.575
.05 
.630

.10 

.720
.20
.720

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 size.

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 +100% —20%, ±20%, ± 10%.

Write for complete description and details

DIO INDUSTRIES, INC.
Garland Place * Des Plaines, Illinois
3 modern plants: Chicago, Des Plaines, and Marshall, III.

CIRCLE 171 ON READER-SERVICE CARD

Linear Actuator
860-lb normal load

ypes 
ligne« 
e uni 
kkint 
y be 
ftchin 
Berks 
Page,

666

Adaptable for a wide range of aircraft, missil 
ordnance, and industrial applications, the Mol 
D-1890 linear actuator operates under a nord 
load of 860 lb at a rate of 0.28 ips. The maxima 
operating load is 1800 lb. The basic stroke 
2.50 in. can be lengthened or shortened to si 
requirements. The unit features a radio noil 
filter, adjustable travel limit switches, inted 
thermal overload protection, an electromechal 
cal clutch brake for low overtravel and in 
versibility, and positive nonjamming mechanic 
stops.

Hoover Electric Co., Dept. ED, 2100 S. Ston 
Ave., Los Angeles 25, Calif.

CIRCLE 173 ON READER-SERVICE CARD

rhis 
Îesig 
cont 

in
met 
kse ; 
brpr 
bacie 
50 ( 
[era 
lier 
Lsis 
Phe

ELECTRONIC DESIGN • July 9, 1«



¡I
iductiJ 
•rs. 1 
remd 
ice vi
■

leans 
ich ('J 
ites tJ 
han a 
is shov 
irizont

Miniature Relay
Weighs less than 1/2 oz.

Lasuring less than 1 in. long and weighing 
[than 1/2 oz, type S-M relay is designed for 
linuous use in a —65 to +125 C temperature 
L. Life expectancy is 100,000 operations 
Umum, at rated load. Specifications include: 
hinal coil voltage 26.5 v dc; contact arrange- 
L 2 pdt; contact rating, 2 amp at 28 v dc re
ive; maximum operate time 4 msec; maximum 
lase time 3 msec; maximum contact bounce 
Isec operating shock 50 g for 11 msec; vibra- 
| 20 g to 2000 cps. The unit meets MIL-R- 
¡8 and MIL-R-5757C.
Lomar Electric Co., Dept. ED, 3349 W. Addi- 
I St., Chicago 18, Ill.
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Pulse Transformers
Plug-in types with four windings

ton, \

types PT-82 and PT-91 pulse transformers are 
igned to plug into standard noval sockets. 

L units may be used for isolation, coupling or 
kking oscillator circuits. The four windings 
k be connected in various ways for impedance 
fching.
Berkshire Laboratories, Dept. ED, 964 Bank 
Dage, Greenville, N.H.
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Resistance Averaging Unit
Independent of number of resistors

■his system for averaging resistors in parallelmissi
e Mod 
. norm 
aximu 
troke 
I to si 
io noi 
inteff 
séchai 
nd in 
chanii

■esigned for applications where it is necessary 
■continue averaging as individual resistors are 
■ in or out of the circuit (e.g. resistance ther- 
■meters). The basic principle of operation is 
.■se angle measurement and the unit does not 
■orporate any relays or other moving parts. Ac- 
Wacies obtained are within ±3 when as many 
JO of the resistors are cut out of the circuit, 
■eral designs have been developed whereby 
■er magnetic amplifiers, vacuum tubes, or 
■sistors are utilized.
■he B.G. Corporation, Dept. ED, 321 Broad
■ , 1 idgefield, N.J.». Stoi

Sylvania develops cast germanium and silicon discs 
for more efficient infrared detection systems

Germanium and silicon lenses, ground 
from optical blanks cast by Sylvania, 

are finding wider application in the infrared 
detection systems in today’s missiles and 
aircraft. These semiconductor materials are 
transparent to wave lengths above 7 mi
crons where other materials, such as quartz, 
are opaque.

Sylvania’s Chemical & Metallurgical Di
vision now offers cast discs of polycrystalline 
germanium in sizes as large as 8 inches in 
diameter and 6 inches thick. Even larger 
sizes are being developed to meet the needs 
of detection system manufacturers. Cast sili

TUNGSTEN • MOLYBDENUM • CHEMICALS • PHOSPHORS • SEMICONDUCTORS

| 1^^ I I /W Sylvania Elbctric Products Inc.W I Chemical & Metallurgical Div.

con discs, too, are available for infrared use. 
Silicon, which weighs less than germanium, 
is finding growing acceptance in airborne 
systems. Other factors, such as the mainte
nance of infrared transmission characteristics 
at higher temperatures are of particular 
interest.

Through constant research and close co
operation with industry, Sylvania is con
tinually improving its products to meet the 
needs of all areas of electronics. This is a 
basic reason why Sylvania has become a 
leading source for both silicon and germanium 
for all applications.

LIGHTING TELEVISION RADIO ELECTRONICS PHOTOGRAPHY CHEMISTRY-METALLURGY
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NEW PRODUCTS
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Complicated hermetically sealed relay 
actuator problem solved by KOVAR®

?s any 
(ation 
turn

[his tr; 
Hits U]

mag 
d an<

e s, ma 
sis tor ।

¡,s ma 
s Intel 
nit pai 
et post 
ks ntia 
lor itioi 
I ti< i-d 
lector 1 
l( It nd

Voltmeters
Accuracy ±3 per cent

DC Voltage Regulator 
Provides 20 v dc power

A small metal enclosure, called a Frame-Loc, 
has recently been made available. All sides are 
flush and the case is provided with snap-out side

Engineers at Carborundum's Latrobe plant solved 
the problem by developing a technique in glass 
beading for the actuator. They used KOVAR alloy 
and hard borosilicate glass which meet all of the 
actuator's mechanical and temperature requirements. 
Carborundum is now making the actuator in a wide 
variety of shapes and sizes to conform to the varied 
demands of the relay industry. Success like this with 
glass-to-metal seals explains why manufacturers are 
relying more and more on Carborundum’s electronic 
products . . . and experience. Contact The Carborun
dum Company, Refractories Division, Latrobe Plant, 
Latrobe, Penna.

ELECTRONIC DESIGN • July 9,

Plug-in Case
Metal enclosure simplifies desig

The dc voltmeters offer seven discrete voltage 
ranges from 1 to 1000 v. Accuracy is ±3 per cent. 
The ac voltmeter has broad frequency response, 
from 20 cps to 100 kc. Full-scale ranges are pro
vided in 10 db steps from 10 mv to 300 v.

Metronix, Inc., Dept. ED, Chesterland. Ohio.
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The hermetically sealed relay in the circuit shown 
below required an actuator meeting all these condi
tions: it had to be small, rugged, a good insulator, 
and had to resist heating in the range of 124° to 
200' C without gassing or losing strength.

Model PR-10 is a completely transistorized 
dual dc voltage regulator capable of operation 
under extremes of shock and vibration. It is de
signed to provide a stable positive and negative 
20 v dc power source for as many as 30 TSO- 
200B voltage-controlled sub-carrier oscillators. 
The unit is sealed against fungus and humidity.

United Electrodynamics, Dept. ED. 1200 S. 
Marengo Ave., Pasadena, Calif.
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NESOR offers a complete ra> ¿1 
of fine wire in all Ferrous,] 
Non-Ferrous, and Precious] 
Metals. We are specialists h] 
the fabrication of special wins] 
for the stringent requirements] 
of Semi-Conductors (Trans-J 
tors, Diodes, etc.).

Other specialties are: Hij I 
purity aluminum—99.999% foil 
silicon rectifiers. Tinned a J 
bare wire supplied; wire ahi 
cut to precision sizes for lead I
Metals and Alloys in Stock: 1 
• Aluminum and Alloys 
• Brass and Alloys 
• Phosphor Bronze 
• Copper: Bare, Tinned, 

Silver Plated.
• Lead and Solder Alloys 
• Monel, Monel-Nickel, Nickel 
• Steels: Copper Coated, High 

and Low Carbon, and Stainless
ELECTRO-PLATING SERVICE:
Ultra-modern plating facilities 
for wire, ribbon, and compo
nent parts. Tin, copper, nickel, 
indium, and precious metalsj 
can be plated over base metals 
to your specifications.

Precision Engineered Electronic Products 

CARBORUNDUM 
Registered Trade Mark

»^oid a«« • , H. )

I* I'6’1' 0
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Multicoder
Accepts up to 88 mv inputs
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GLOBE BASIC A.C. MOTOR PACKAGES

TYM MC

60- 400 er veriaM frequency

1, 2 oe 3 phsse

2 or 4 pole

induction ot 
hysteresissynchronous

rm rc
60 400 ot verlebte frequency

1 2 « 3 phase

2. 4 or 6 pole

induction ot
hyd»’»sn synchronous

TYhf 3C
60« 400« or venable frequency

1. 2 w 3 phase •

2. 4 or « pole 

induction or 
hystérésis synchronous

dutches breites end 
dutch brakes available

102 standard gear ratios 
from 4 1 to 3,000.000:1

right angle gear unha 

dutches. brakes end 
clutch Irak»» available

49 »tandero gear ratio» 
from 2.56:1 to 36.873:1

dutches. brabas end 
dutch brakes available

129 standard gear ratios 
from 2.56.1 to 46.656:1

e making the case particularly suitable for 
si* tor circuitry in small pluggable units. The 

i:, made in a wide variety of sizes and fin- 
s Internal terminal structures may be printed 
Liit panels or the company’s wall, decks, or 
et posts can be supplied. Where ventilation 
ksential, the side panels can be omitted, or 
»orations can be used. A variety of plug types 
optional.
lector Electronic Co., Dept. ED, 1100 Flower 
Glendale 1, Calif.
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his transistorized pulse duration multicoder 
ppts up to 88 ten mv full scale differential in- 

. The unit, termed model MC-G90X10, pro
bs any of the standard PDM frame and com- 
ration rates of 30 x 30, 45 x 20, or 90 x 10 at 
turn of a selector switch. Input full scale 

Les of 10, 20, 50, 100, and 500 mv are select- 
1 by means of a front panel switch.
Luke & Co., Dept. ED, 1632 Pico Blvd., Santa 
liica, Calif.
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Magnetic Tape Transport
Speeds of 7.5 and 3.75 in. per sec

quipped for automatic or manual operation, 
magnetic tape transport is designed for for- 

(1 and reverse operation at speeds of 7.5 and 
in. per sec. The Series 610 is provided with 
forward and rewind speeds of 2400 ft in two

GLOBE A.C. MOTORS / GEAR REDUCERS / PACKAGES

In precision miniature motors, gear reducers, and 
small-package devices using clutches, brakes, 
and other components, Globe Industries has the 
hardware to meet your requirement. From a 
single source you can get fast 2 to 4 week pro
totype delivery of standard units. Modular 
design, interchangeable precision parts, and an 
efficient special order department are specific, 
unique reasons why you get what you need be
fore your design grows cold.

Three basic A.C. motors are shown above. 
With their integral gear reducers they reliably 
span the torque range to more than 2000 in. 
oz. Custom modifications are a specialty.

Globe motor packages were chosen for the 
Army's Jupiter C, and as you read this, at least 
one such package is circling the earth. Ask the 
largest precision miniature motor manufacturer 
first. Request the Globe A.C. Motor Catalog now. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, 
Dayton 4, Ohio. BAIdwin 2-3741.
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per: can Electronics, Inc., Data-Tronics Div.,
k 1 D, 655 W. Washington Blvd., Los An-
s 15 Calif.
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NEW PRODUCTSNOW from Victoreen

CORONA TYPE HIGH VOLTAGE
REGULATORS WITH CURREHT

CAPABILITIES AHO SLOPES
HEVER BEFORE OBTAIHABLE THE GEORGE W. BORG CORPORA

2200

GV6A
GV3B

2100
GV5A

ven

GV9A

2000

1900

1800
1000 4000 5000

MICRODIALS
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GV6A 
2000

GV9A- 
2000

George W. Borg, who founds 
corporation, is the “Mr. Clutch 
started with Borg & Beck H 
helped organize the BorgAfy 
Corporation of which h h* 
president. Later he served asd 
man of the hoard until he 
to devote his full attention tc 
George W. Borg Corporation,

BORG Fai* 
DIVISIO

en y 
fereí 
licat
mer.

ducti 
iver

BORG PRODUCTS 
DIVISION

Pulse Sorter
Controls random inputs

Relay Meter
Controlled by true rms

instrument motors, freqm 
standards, aircraft navigati

DELAVAN
Home Office and Plant

BORG EQUIPMENT DIVISK 
THE GEORGE W. BORG CORPORATI« 

JANESVILLE, WISCONSIN

Make Victorean your headquarters for 
high voltage regulation. Send for Form 2022A and 

Form 2023A describing the GV6A and GV9A 
line of corona type voltage regulators.

Although the reversible counting of the model 
111A binary counter is automatic, the feedback

BORG EQUIPMENT 
DIVISION

Borg’s background of experience 
save you time and money by hell 
you solve design and production« 
lems of electronic components. WM 
you are faced with a special pd 
or interested in a standard com; t 
call Borg Equipment Division fe 
economically sound solution.« 
today for catalog BED-A90.

The George W, Borg Corporato 
comprised of three divisions
• Borg Products Division

Manufactures automotive cl« 
o Borg Fabrics Division

Manufactures deep-pile fahr; 
best known of this line it 
fashionable “Borgana” fabric

o Borg Equipment Division
Manufactures Micropots Ip 
sion potentiometers), Micro

instruments and components 
systems.

With the Model 461227 Bourdon-tube pressure 
transducer resolution of up to 400 wires is ob
tained. Covering pressure ranges from 200 to 
10,000 psi, the unit is suitable for measuring 
noncorrosive liquid or gas pressure in airborne 
applications.

G. M. Giannini & Co., Inc., Dept. ED, 918 
E. Green St., Pasadena 1, Calif.
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Maximum currents to 4 ma 
Peak currents to 9 ma 
Regulation to 1.5%/ma 
Voltages from 400 to 3000 
9 pin and octal base tubes 
In use by the military

ELECTRONIC DESIGN • July 9, 1’

Model 1094 Sensitrol relay deflects in propor
tion to the true rms of the impressed current or 
voltage. Offered with either one or two preset 
contacts and in current or voltage ranges, the 
unit is designed for applications in over and/or 
under current or voltage control and alarm.

Weston Instruments Div., Daystrom, Inc., 
Dept. ED, Newark 12, N.J.
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See us at WESCON, Booth 1542

The Victoreen Instrument Company 
Component* Division

5806 Hough Avenue • Cleveland 3, Ohio
CIRCLE 186 ON READER-SERVICE CARD

2000 3000
CURRENT (UA)

Bourdon-Tube Transducer
High resolution

WHO IS BORO

HOW BORG 
EQUIPMENT DIVISION 
CAN HELP YOU . . .
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Delay Line
High delay-rise time ratio
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imercial uses. They’re readily
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g 205 Series MICROPOTS have 
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¡05 SERIES 
AKROPOTS...

pulses may occur at random or coincidental with 
the command pulses. The pulse sorter 136A is 
the answer to this problem. It is connected in 
series with both the forward and reverse inputs 
to the counter and blanks both pulses, should 
they occur within 5 psec of each other.

Navigation Computer Corp., Dept. ED, 1621 
Snyder Ave., Philadelphia 45, Pa.
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Power Supply
For strain gage excitation

Model SR-200A power supply is designed 
especially for strain gage excitation. The unit 
features floating output, less than 10 pv of noise 
from the de output to ground when used with a 
grounded strain gage, and 0.1 per cent regula
tion for line voltage changes from 95 to 135 v. 
The de output is continuously variable from 5 to 
12. Maximum output current is 200 ma.

Video Instruments Co., Inc., Dept. ED, 3002 
Pennsylvania Ave., Santa Monica, Calif.
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¡very in any quantity. Write 
iy for the name of your nearest 
g Jobber or “Tech-Rep”. It will 
you to know him.

leek These Advantages.. •
✓ Fine resolution because of 43,A" Kohlrausch winding in the helical element!
/ Accurate setting and resetting due to anti-backlash

I spring in contact guide!
1/ Permanent accuracy because 
t' resistance wire is moulded integrally with housing!

Long life because slidercontact is the only moving member that touches the resistance element.
Write for Catalog 

Dk BED-A90

r

Model 1D1 lumped constant ferrite delay line 
provides a high ratio of delay/rise time/number 
of sections through elimination of the leakage 
flux linkages in the cup cores. Whereas formerly 
a twelve section line had a delay/rise time ratio 
of 8, the new line has a ratio of 9.3 for twelve 
sections. Temperature coefficient is 25 ppm per 
deg C. Normal production tolerances on delay 
are 1 and 2 per cent on characteristic impedance.

Digitronics Corp., Dept. ED, Albertson Ave., 
Albertson, N.Y.
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WAVE 
GUIDE

COMPONENTS
by Kennedy

11 Kennedy wave guide components 
for microwave applications are precision engineered to attain the highest level of per
formance, with highest transmitted power, lowest standing wave ratio. They are fully
tested for trouble-free operation.
• COMPLETE FEED SYSTEMS designed and in

stalled. For any antenna, anywhere.
• HORNS — both single and dual polarization. 

Exceptional low VSWR.
• TRANSITIONS — better bandwidth and lower 

VSWR.
• DUPLEXERS—rejection ratios better than 100 db
• STRAIGHT SECTIONS — Length 3" to 20'
• BENDS — E-plane or H-plane
• COMPLETE HARDWARE and accessories

For the most efficient 
use of your antenna, let 
Kennedy engineers de
sign your feed system. 
Complete, detailed speci
fication data is yours for 
the asking. Write today 
for your free copy of the 
handy file size Kennedy 
Antenna Equipment 
folder.

ANTINNA EQUIPMENT

« D. S. KENNEDY & CO
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RG EQUIPMENT DIVISION
HE GEORGE W. BORG CORPORATION 

JANESVILLE, WISCONSIN



NEW PRODUCTS NOW.. .1 to 80
polaroid expos j

with the newe^
BEATTIE
OSCILLOTRON!

MIDGET

FERRITE
ISOLATOR

98 100 102 104 106 108 11 0
FREQUENCY (K.M.C.)

98 100 10 2 104 106 108 11 0
FREQUENCY (K.M.C.)

Multiple Exposure Positioning Bar

for more information write toeartott
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LABORATORY recording oj 
oscilloscope traces is far more 
efficient with this new camera.

a pa 
anned-'

••de Se* 
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li Wesl

cupatii 
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Model HCM 7/16 core magnet moving coil 
dicator measures 7/16 in., permitting it to be

USINE.!
MESS

SALES OFFICES:
Eastern Office:

1378 Main Avenue 
Clifton NJ.

Midwest Office:
23 W. Calendar Avenue 
La Grange, III.

South Central Office:
6211 Denton Drive 
Dallas, Texas

Northwest Area Office:
530 University Avenue 
Palo Alto, California

itablish 
. a pr<

OTHER STANDARD Ferrite Isolators and Duplexers 
in a wide range of sizes and band widths are 
available plus facilities to produce special 
configurations if desired. Our sales engineers 
can help you.

84 16 II 90 92 94 96 98 100 102 104 106 108 11 0 
FREQUENCY (K M C.)
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Key to the versatility of the new Beattie 
Oscillotron with a Polaroid back is the 
feather-touch Multiple Exposure Posi 
tioning Bar. Now you can get one-to-one 
presentation or up to 10 exposures on a 

_  single frame-by a 
[^'^1 simple adjustment
(w 'I Other features; f/1.9

] lens, shutter speed«
from 1 sec. to 1/100 

'wSl sec> t'me’ and bullr
This new Oscillotron 

'wi camera fits the same
■ \ % periscope to which
W \ al1 other Beattie

Oscillotron cameras 
are attached.

Signal-Noise Correlator 
Takes dynamic measurements

Designed to fit standard cores and laminations, 
these encapsulation cups permit the component 
to be placed closer to the container wall due to 
their arc resistance. The cups are made of glass- 
filled diallyl phthalate.

Electronic Production & Development, Inc., 
Dept. ED, 138 Nevada St., El Segundo, Calif.
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MAXIMUM FREQUENCY STABILITY 
WHERE SPACE IS LIMITED...
A high power unit of exceptionally small size 
and weight, this newest Kearfott product is the 
answer to microwave circuitry applications 
where space is limited.

IMPORTANT FEATURES:
BROAD FREQUENCY RANGE-from 8.5 to 9.6 KMC
HIGH ISOLATION-Minimum of 15 DB
INSERTION LOSS-Only 1.0 DB Maximum
SMALL SIZE-1.000" deep x 2.100" high x

2.400" high
POWER-Average 200 Watts
TEMPERATURE-AMB—150°C
PRICE—$135.00 each f.o.b., Van Nuys, Calif.

Quantity prices on request
DELIVERY-from stock

Model 1-101 signal-noise correlator can be used 
to make dynamic signal-to-noise measurements 
at the outputs of various types of communica
tions equipment such as receivers, amplifiers, 
magnetic tape systems, etc. The signal-to-noise 
ratio can be measured without removing either 
the signal or the noise.

General Electronic Laboratories, Inc., Dept. 
ED, 18 Ames St., Cambridge, Mass.
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KEARFOTT COMPANY, INC.
MICROWAVE DIVISION

DEPT. 10E, 14844 OXNARD ST.
VAN NUYS, CALIF.
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Encapsulation Cups 
For cores and laminations

REDUCE INSERTION LOSS!!
INCREASE USABLE POWER!!

Moving Coil Indicator
Measures 7/16 in. diameter
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corporated within other meters to indicate such 
information as alarm, position, or malfunction. 
Hermetically sealed, the indicator is available 
with either flag or pointer display, and in a va
riety of electrical sensitivities and functions.

Marion Electrical Instrument Co., Dept. ED, 
Grenier Field, Manchester, N.H.

CIRCLE 418 ON READER-SERVICE CARD

Audio Response Plotter
Direct-reading indication

The ARP-1 audio response plotter gives im
mediate visual proof of performance of any 
audio system or component, by indicating 
whether the system provides equal amount of 
acoustical energy per octave. Records are plotted 
on a 40 db-range logarithmic chart by a high- 
torque, dry-writing, servo-controlled pen.

Southwestern Industrial Electronics, Dept. 
ED, 2831 S. Post Oak Rd., Houston, Tex.

CIRCLE 419 ON READER-SERVICE CARD

Engineers who don t know“It Can’t be Done that Way!
General Electric’s Jet Engine Dept, at Cincinnati 
now conceives and designs its own Jet Engine con
trols, accessories, and components, also designs its 
own test instruments and instrumentation systems. 
This has created many new positions to be filled, 
and we have immediate openings for graduate en
gineers with experience in any of the following fields:

INSTRUMENTATION SYSTEMS 
ELECTRONIC CIRCUITRY 
INSTRUMENT DESIGN 
DIGITAL TECHNIQUES 
AERODYNAMICS 
ELECTRONIC PACKAGING 
MAGNETIC AMPLIFIERS

ACTUATION DEVICES 
RELAY CIRCUITS 
HYDRAULIC COMPONENTS 
INERTIAL GUIDANCE 
SERVO MECHANISMS 
FUEL CONTROLS 
LUBE SYSTEMS

DC Digital Voltmeter
Includes 5 digit display

Model DVA-500 dc digital voltmeter consists 
of a DVX-500 switch module and a DXA-000 
power module. The power module is transistor
ized and features internal modular construction. 
Specifications of the new instrument include a 5 
digit display, automatic ranging and polarity, 
0.0001-999.99 range and 0.01 per cent accuracy, 
± one digit. Stability is better than 0.01 per cent.

Electro Instruments, Inc., Dept. ED, 3540 Aero 
Court, San Diego 11, Calif.

CIRCLE 420 ON READER-SERVICE CARD

AIRCRAFT SURFACE CONTROLS
These are career jobs and they pay well for engi
neers willing and able to work on brand new prob
lems and come up with new answers. Actually, you’ll 
be finding answers that will appear in Tomorrow’s 
textbooks!
If you like the challenge of new problems ... if you 
like to work where Engineers don’t know “it can’t 
be done that way” ... fill out the coupon below and 
mail to

J. A. McGovern, Jet Engine Dept. ED-79
General Electric Co., Cincinnati 15, Ohio

Gentlemen^' ? am interested possibility of an association 
________ ’ ! with the Jet Engine Dept, of General Electric.

Name_________________ 

Address_______________ 

City__________________  

Degrees______________  

My field of interest is:.

Zone____State.

—College______

Phone___

____ Date.

GENERAL
JET ENGINE DEPARTMENT

ED-79

ELECTRIC
CINCINNATI 15, OHIO

CIRCLE 559 ON READER-SERVICE CARD
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HIGH-RELIABILITY RELAYS

4 POLE A. C.

8 POLE A.C. 1

Brand new, Type HR solenoid relays are Result-Engi
neered to function as the “heart” of any control system. 
The Type HR is designed as a multi-pole relay for pilot
ing machine and process control components where 
ultra-long life and hi-speed operation are mandatory.

Wiping action contacts insure high electrical reliabil
ity; nylon movable contact carriers and armature guides 
minimize operating friction.

Simple, fast, easy installation speeds assembly into 
your equipment, saves time, cuts cost. Accessible front 
connected coil and contact terminals equipped with 
pressure connectors ... no lead lugging needed!

Four basic models, up to eight unitized poles, con
vertible N.o. or n.c. contacts, completely enclosed, 
make the HR an unusually versatile relay line.

Write for Ward Leonard Bulletin 4470. Ward Leonard 
Electric Co., 77 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd., Toronto.)

ENGINEERING DATA
CONTACT RATINGS : A.C.—10 amps., 600 V. max.; D.C.—6 amps., 
115 V., 1 amp., 230 V.

COILS: A.C. 110, 208-220, 440, or 550 V., 50-60 cps. D C for 115 or 
230 V. Others on special order.

POLES: 2 to 8, in all combinations of N.O. and N.C. Contacts con
vertible from N.O. to N.C. and vice versa.

DIMENSIONS: Maximum, 4 pole —3H"W, 5WH, 3%i"D. 8 pole — 
5%"W, 5%"H, 3%/'D. Mounting centers for all models identical.

LIVE BETTER .£/ecfr/c¿//y

WARD LEONARD ELECTRIC CO.

R evcdcC IE njfftitjt/tJtdC Scnre 18^2

RESISTORS ■ RHEOSTATS • REIAVS • CONTROLS • ('IMMER*.
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NEW PRODUCTS
Piston Potentiometer
Noise-free at 40 g vibration

This self-aligning linear motion potentiometer 
is capable of noise-free operation at 40 g, 10- 
2000 cps. The floating shaft of Model 157 permits 
free lateral movement of an actuator without 
side-load effect on the instrument. Error is less 
than 1/2 per cent when tested under the above 
vibration.

Bourns Laboratories, Inc., Dept. ED, River
side, Calif.
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Modulator Monitor
Frequency range from 20 to 100 me

Modulation monitor model 257B. measures 
total deviation of the carrier of fm transmitters 
when modulated by multiple sub-carrier oscilla
tors. Frequency range is 20 to 100 me and devia
tion measurements can be made from 0 to 1000 
kc. The audio frequency range is flat within ±1.0 
db from 50 cps to 200 kc.

New London Instrument Co., Inc., Dept. ED, 
82 Union St., New London, Conn.
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Flange Feed
Adjustable through 360 degrees

With 360 deg adjustable flange feed, this 
mounting flange adjusts polarization during in-

SODECO’S NEI

Compod
Measures only 3y4" x 1 %" x 3%" 
Suitable for flush mounting

—5.1 t

CONVENIENT PRESET - 
Easily accessible setting wheels

FAST RESET — Manual, or electric for repeat cycling

S.P.D.T. PREDETERMINING SWITCH - 
Less than 50 ms switching time

LOW POWER REQUIREMENT -
Counting at 10 i.p.s.—3.8 W; at 25 i.p.s 
Reset-7.6 W, all at 110 V. DC.

Write today for your 
copy of Sodeco 
Bulletin E-25 which 
gives full technical 
information.

CIRCLE

LANDIS & GYR,
45 West 45th Street, New York

201 ON READER-SERVICE CARD

MIL STD 15-A TEMPLA!

NO. 314 — 7"x4" — .200 GR

NO. 315 — 83/4"x5" — .250 GR

$4.00 AT YOUR LOCAL DEALER

Two of the more than 100 
Rapidesign Templates—all of 
which, are better made and 
more useful and lesser priced.

CATALOGUE NO. 60 AVAILABLE UPON REQUE

RapjIJësTgïï INC.

P.O. BOX 4 29 BURBANK, CALIFORN
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SINGLE CRYSTAL PULLER

York

ooo oooLabs Dept. ED, 5 Fottler Rd
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to 200 cps. Push button selection per
chart speeds from 1/2 cm/'hr to 200

TYPICAL INDUCTION HEATIN6 APPLICATIONS 
IN THE MANUFACTURE OF TRANSISTORS

LOK ——

•CWL (MILL —/ 

cult ihsulctoo-

from dc 
mits 18 
inm/sec.

Massa

True rectilinear motion and good transient re
sponse are features of this 12-channel rectilinear 
recorder. Free of resonant peaks, overshoot, and 
ringing, the Model RE-12 has a frequency range

Memory Amplifier
Low standby current

Series 1005 4
Micro-Miniature 

Control
L. W w. w D. w 

(maximum)
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Induction hooting apparatus used in zone refining. The six 
coils shown provide simultaneous molten zones in the ingot 
as it passes through the tube containing the protective 
atmosphere.

zSeries 3205
[ Miniature Control

: L 2 Vi' W. 1W D. 1 W
-x, (maximum)

10 Amp 4 Pole, Double Throw aircraft and 
missile relay uses same size envelope as 
AN 3304 (4 P.D T. 3 Amp relay) and is 
approximately the same weight. Designed 
to meet and exceed test requirements of 
MIL-R-6106B, Class B Meets minimum 
current requirements of military specifi
cations. Z

MANUFACTURING COMPANY

1022-H W WALNUT STREET, CHICAGO 12, ILLINOIS
CIRCLE 203 ON READER-SERVICE CARD

Rectilinear Recorder 
12-channel

Type 19 memory amplifier consists ol an am
plifier and bistable circuit. A relay load or any 
other may be connected from the output to 
ground. Upon application of a 50 mv trigger, 
full supply is applied to the load. The power 
continues to be applied until a reset pulse is 
connected to the reset line, when the power is 
removed from the load. A very low standby cur
rent allows the device to be connected for rela
tively long periods of time.

MF Electronics Co., Dept. ED, 122 E. 25 St., 
New York 10, N.Y.

CIRCLE 206 ON READER-SERVICE CARD

3 Amp Double Pole, Double Throw. Meets 
or surpasses requirements for all specifi
cations of MIL-R-25018 and MIL-R-5757C. 
No exceptions. Contact Rating: 3 Amps at 
125° C. per MIL-R-25018; 2 Amps at 125° 
C. per MIL-R-25018 and MIL-R-5757C 
Hermetically sealed. Specify plug-in or 
solder hooks.
$5.90 each in lots of one thousand units

f.o.b. Chicago, 111.

m electromagnetic control began more than 
twenty-six years ago when Guardian be
came dedicated to the control of maximum 
power in minimum space. Here you see pre
ferred standards of micro-miniature, sub
miniature and miniature control of today's 
aircraft, missiles and electrical industries.

stallation or for alignment of center-fed, 7000 
me, Series B parabolic antennas. Insertable from 
the rear, it fits standard GED feed mounting 
bolts. The unit can lie adjusted without remov
ing nuts or bolts. Close tolerances permit accu
rate seating and positive clamping action, and 
there is no loss in rigidity over standard mount
ing flanges.

Gabriel Electronics Div., Dept. ED, Needham 
Heights, Mass.
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Series 2005 
Sub-Miniature Control

■ I L 2’/4* 1 D‘ 1 1 (maximum)

AL#U 5 Amp 6 Pole,
Double Throw. Meets or 

exceeds MIL-R-6106B andMIL-R-5757C. 
Built to withstand 100 G shock. Vibra
tion resistance is 10 G minimum from 75 
to 2000 c.p.s. in all mounting planes. 
All contacts rated at 5 Amps 24 to 30 v. 
D.C., resistive load. Operates with volt
age variations as low as 16 v. at 25 C., 

C \ ambient.

Concentrator-type coil creates • Gsneral arrangement for pull
high intensity, restricted heat- • 'nG single crystals. Induction 
ing at joint of nickel shell and • heating coil is shown surround« 
tinned ¿lass, thus causing • l00 quartz tube containing 
solder to flow for permanent * crucible with molten germa- 
tva| a n'um in suitable atmosphere.
•••••••••••••••••••••••••••••••••••••

MULTIPLE ZONE REFINING

Hingham, Mass.
CIRCLE 205 ON READER-SERVICE CARD

SOLDERING TRANSISTOR 
ASSEMBLIES 

BY INDUCTION HEATING

HIGH FREQUENCY
INDUCTION

IlilK

>0 GR

WRITE FOR THE NEW LEPEL CATALOG

REQU!

/ / The Lepel line of induction
• ' heating equipment represents the

Z
 most advanced thought in the field of ' 

electionics as well as the most practical and 
efficient source of heat yet developed for industrial 

heating.
If you are interested in induction heating you are invited 

to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 

data and recommendations without any cost or obligations.

All lepel equipment ¡4 cer
tified to compl/ with th« 
requirements of the Feder
a* Communication! Com-
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This line of frequency standards features a

NORMALLY CLOSED

case,

rb headers to high thermal, shock resistant gl j rem

E
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LEC
94

I the 

penMounting—All popular types or styles available. 
Operate and Release Times—5 millisecond maxi
mum.
Shock—50 G for 11 milliseconds.
Terminals—Plug-in, solder and printed circuit 
types.
vibration—10 to 55 cps at 0.120" double ampli
tude. 55 to 2,000 cps at 20 G acceleration.
Weight—0.5 oz.

VAC resistive.
Contact Resistance—0.05 ohms max.
Dielectric Strength—1,000 volts RMS to 
500 volts RMS across open contacts.
Enclosure—Hermetically sealed. 
Insulation Resistance—10,000 megohms____ mini
mum at 25C. 1,000 megohms minimum at 125C. 
Life—Minimum expectancy 100,000 operations. 
Military Specifications—Meets applicable por
tions of MIL-R-25018 and MIL-R-5757C.

II 

U 

Cl

For Further

BULLETIN
for 1000 to 11,000 me, at 3, 6, and 10 db attenua-
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NEW PRODUCTS

Frequency Standards
Have cathode follower output

NEW
LIGHT
WEIGHT

Micro 
miniature

Relay

Simple 
Reliable 
Versatile

HUSKY STYLE 6
Price Electric’s new Style 6 micro miniature relay is a lightweight, crystal can 
style relay designed to give superior performance in miniaturized assemblies.

Weighing only 0.5 ounce, the Husky Style 6 is engineered for the utmost 
simplicity—a simplicity that allows for mass production of a high quality, 
reliable relay that is as versatile as it is dependable. Termination can be pro* 
vided to meet most requirements. Style 6 meets the applicable requirements 
of military specifications and will perform continuously in ambients of -65C to 
+ 125C. This tiny Husky Relay will give excellent performance in guided mis* 
siles, computers, control systems, and other critical applications.
For further details write for Bulletin Number 10.

SPECIFICATIONS
Ambient Temperature: —65C to 125C.
Coil Data—Supplied with 920 ohms ±10% for 
26.5 VDC nominal operation. Coils, with differ
ent resistance values, are available for other 
voltages.
Contact Arrangement—DPDT
Contact Rating—2 amps, at 26.5 VDC or 115

details write for

NUMBER 10

HUSKY
«LATS.

CORPORATION

1500 Church St., Frederick, Maryland

MINIATURE 
THERMAL 
RELAYS

cathode follower output for long-term stability. 
Modules are available for any set frequency from 
240 to 4000 cps, with accuracies up to ±0.001 
per cent. Output is 5 v rms, variable from 0 to 
5 rms with external control.

The Gyrex Corp., 3003 Pennsylvania St., Dept. 
ED, Santa Monica, Calif.
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FERRITE ISOLATOR.-Model IXL10, for the fre
quency range of 9 to 10 kmc, is added to a line of 
X-band isolators. Length is 1.04 in.

Raytheon Mfg. Co., Dept. ED, Waltham 54, Mass.
CIRCLE 210 ON READER-SERVICE CARD

AC ACCELEROMETER.—The model GAH ac ac
celerometer is available in ranges from ±0.1 to ±20 
g. Output is as high as 3 v per volt input.

Genisco, Inc., Dept. ED, 2233 Federal Ave., Los 
Angeles 64, Calif.
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ANECHOIC TEST CHAMBER.-A portable test 
chamber used for determining acoustical characteris
tics of miniature radio and audio equipment.

Industrial Acoustics Co., Inc., Dept. ED, 341 
Jackson Ave., New York 54, N.Y.
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POSITION LIGHT FLASHER.-Model AFS-125 is 
designed to replace the C-2 flasher.

P. R. Mallory & Co., Inc., Dept. ED, 28 S. Gray 
St., Indianapolis 6, Ind.

CIRCLE 213 ON READER-SERVICE CARD

COAXIAL ATTENUATORS.-Models are available

tion. 20 db models are available for 2000 to 11,000
me. All have an impedance of 50 ohm.

Narda Corp., Dept. ED, Mineola, N.Y.

3

EXACT SIZE

EXACT SIZE

New NORMALLY CLOSED RELAYS NOW AVI 
ABLE. They both meet or exceed requirements 
guided missiles and complex electronic gear.

They are hermetically sealed by bonding mi

’ appi
Hen 

I kovi 

g resis 
I ^y-f 

I Nei 
Í cisic 
I 1 ar 
I 1%.

spec 
I Test 

: met

with
99.99% Plus
Reliability 
SERVICE-FITTED 
SERVICE-TESTED 
SERVICE-APPROVED
Our complete 
environmental 
testing laboratory 
samples and certifies 
daily production.

housings.
They open or close a circuit positively ml 

second or other delay times.
They can also be safely used as a “squib" 

timing mechanism.
Typical Characteristics

Temperature: —100°F. to +450°F
Vibration: 20-3000 CPS at 40G’s
Shock: 250 G’s

Brochure containing complete chi 
acteristics and specifications avails 
upon request.

NETWORKS ELECTRON
CORPORATION

14806 OXNARD ST., VAN NUYS, CALIF

Original design» for highest reliability in 
housed miniature Relays and Resistors for all

CIRCLE 215 ON READER-SERVICE CARO
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to 15 amp and 0 to 30 amp

Inc., Dept. ED, Richards Ave.,

ON READER-SERVICE CARD

Dept.

ely in
'squib"

¡merits 
: gear.

the shelf, with exceptionally low tem
perature coefficient.

POWER SUPPLIES.—Magnetic Rangers, models 
MR36-15 and MR36-30 are tubeless continuously- 
variable regulated 5 to 36 v de power supplies. They

series
1000-

have outputs of 0 
respectively.

Sorensen & Co., 
S. Norwalk, Conn.

CIRCLE 217

NIOBIUM STRIP.—Rolled in thicknesses as low as 
0.0005 in. to tolerances as close as 0.0001 in.

American Silver Co., Inc., Dept. ED, 36-07 
Prince St, Flushing 54, N.Y.
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SERVOMOTOR.—Size 8 model 8 SM 420 has rotor 
inertia of 0.1 gm cm2 and stall torque of 0.25 oz in. 
to offer acceleration at stall of 170,000 rad/sec2.

Helipot Corp., Dept. ED, Newport Beach, Calif.
CIRCLE 410 ON READER-SERVICE CARD

Test results prove substantial improve- 
iing mi I ment over mil specs. They combine 
tant gl I remarkable stability, under load and on

EMCOR'S*

NEW

RESISTORS*
Crafted with Precision

SNAP ACTION SWITCH.—Has exact repeatability 
and stability in temperature and humidity conditions. 
Conforms to dimensional requirements of MS 25026.

Meletron Corp., Dept. ED, 950 N. Highland Ave., 
Los Angeles 38, Calif.
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50-WATT TOROIDAL TRANSFORMER.-Input 
voltage is 115 v, 400 cps, single phase. Output voltage 
can be any from 1 to 1000 v. Standard units supplied 
for filament use, for synchro drive, isolation voltage, 
and plate voltage. Temperature is from —55 to 
+100 C.

Arnold Magnetics Corp., Dept. ED, 4613 W. 
Jefferson Blvd., Los Angeles 16, Calif.

CIRCLE 409 ON READER-SERVICE CARD

I For critical military and industrial 
applications.

I Hermetically sealed by bonding glass- 
| kovar headers to high thermal, shock 
§ resistant glass housings. 100% humid- 
i ity-proof.
I Networks’ new, truly accurate, pre- 
I cision Resistors are available in *4, Vi, 
| 1 and 2 watt ratings at 105 °C ±0.1 to 
I 1%. Units for 125°C available on 
I special order. Lug types or flexible leads.

DIRECT-READING MICRODIALS.-1300 
has 3, 4, and 5 digit dials for 10-, 100-, and 
turn applications.

The George W. Borg Equipment Div., 
ED, 120 S. Main St., Janesville, Wise.
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♦Patented
Reliability 

Conservative Ratings 
Stable Characteristics

TRANSISTORIZED COUNTING PACKAGE.— 
Added to model C, the Count-Pak series now has 
model N-l which counts at speeds up to 30,000 
counts per min for more than 1 billion counts.

Veeder-Root Inc., Dept. ED, 70 Sargeant St., 
Hartford 2, Conn.
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150 F 
10 G’S 
jO G’s

tc chi
•I nM

y X-,- Engineering Bulletin with
NEC complete specifications

available upon request.

RECYCLING TIMERS AND TIMING KITS.-In 
single, double, and three gang assemblies. Speeds 
vary from 50 cps to 1 cy per hr.

Herbach & Rademan, Inc., Dept. ED, 1204 Arch 
St., Philadelphia 7, Pa.

CIRCLE 413 ON READER-SERVICE CARD
ON
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ELGIN METALFORMERS CORP.
CALIF, 

n glatt 
ll

NETWORKS 
ELECTRONIC 
CORPORATION

14806 OXNARD ST., VAN NUYS, CALIFORNIA

TRANSISTORIZED POWER INVERTER.-Model 
PS-3001 provides 115 v ac at 400 cps and up to 750 
ma load current. Input is 26 v de ± 5 per cent.

Power Sources, Inc., Dept. ED, Burlington, Mass.
CIRCLE 414 ON READER-SERVICE CARD

630 CONGDON, DEPT. 1224 • ELGIN, ILLINOIS
CIRCLE 415 ON READER-SERVICE CARD
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Catalog 105 AVAILABLE 
UPON YOUR REQUEST

EMCOR Modular Enclosure Cabinets house load banks used to 
simulate loads in testing generators at Jack & Heintz, Inc., 
Cleveland, Ohio.

EMCOR units are relied upon by leading instrument and elec
tronic equipment manufacturers for their design and construction 
which comply to universally accepted engineering standards of 
structural strength, serviceability and flexibility. Engineering 
"know-how” and alertness to the demands of these industries 
has developed a proven confidence in the EMCOR Modular 
Enclosure System.

As specialists in the electronic enclosures field, EMCOR engi
neers are closely oriented to the needs of control and instru
mentation designers. Highly trained EMCOR Sales Engineering 
Representatives located in all major industrial areas are avail
able to help in planning specific applications of EMCOR equip
ment. Discover how EMCOR Engineering Skill can work for you, 
write for the name of the EMCOR Sales Engineer nearest you. 
♦Registered Trademark of Elgin Metalformers Corporation.

ORIGINATORS OF THE MODULAR ENCLOSURE SYSTEM

EMCOR
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AUTO PILOT 
CONTROL

NEW LITERATURE

LEFT

CLÌMB

STEPPER

DESCEND
RIGHT

Pressure Comparator 221 Hermetic Seals

SYNCHRO POSITIONER

Incremental shaft rotation: 2 
degrees.

Accuracy: Within 6 min. of arc 
when driven by either motor.

This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis
placements.
The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function.

STEPPER MOTORS corporation
Subsidiary of California Eastern Aviation, Inc.

7445 West Wilson Avenue • Chicago 31, Illinois

CIRCLE 220 ON READER-SERVICE CARD
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• WEST COAST • • • 1 1879 W FLORENCE AVE. • • • CULVER CITY, CALIF.

Catalog Sheet 32CA110 explains oper
ation and construction of a pressure 
comparator. Unit gives precise service 
as high as 300 psi and 300 F, has about 
50 times the life expectancy of other 
commercially-available pressure switches. 
Fischer & Porter Co., 496 Jacksonville 
Rd., Hatboro, Pa.

Special Metal Stampings 222
Services in the fabrication and pro

duction of stampings from rare and spe
cialized metals are discussed in a 4-page 
illustrated folder. A quick reference chart 
lists the properties and typical uses of 
20 types of rare or special metals. These 
metals include beryllium copper, K- 
Monel, molybdenum, tantalum, phosphor 
bronze, rodar, titanium, and silicon 
bronze. The Staver Co., 47 N. Saxon Ave., 
Bay Shore, N.Y.

■■■■■■■■■I

VECO 
THERMISTORS, 

VARISTORS 
RATED
IW 
Q(W

BY 
INDEPENDENT 

LABORATORIES

A brochure discusses the services oi 
fered by this manufacturer of hermetic 
seals and terminals. A consulting engi. 
neering service provides engineers for 
visiting customer plants to develop re
quired components on the spot, J 
method for testing and inspecting fin. 
ished parts is described which duplicates 
the testing procedures used by the cus- 
tomer. Glass-Tite Industries, Inc., & 
Spectacle St., Cranston 10, R.I.

Temperature Instruments
Having nearly 70 photographs, a 30- 

page booklet outlines facilities for the 
design and manufacture of temperature 
controls, detectors, and indicators. The 
brochure covers research, engineering 
production, quality control, products, 
affiliated companies, and customer serv l 
ices. Fenwal Inc., Ashland, Mass.

What’s behind this quality? — it’s VECO’s 
ever-constant research, development and en
gineering program, designed to keep abreast 
of today’s fast-changing industry. Backed by 
one of the country’s largest and finest 
equipped plants, VECO works hand-in-hand 
with customers to improve existing products 
and develop new applications utilizing Ther
mistors and Varistors.
VECO also publishes technical and educa
tional literature to tell customers of the uses 
and characteristics of Thermistors and Varis
tors. A new Technical Catalog, covering over 
250 VECO stock items, and an educational 
series entitled “Meet The VECO Thermistor” 
are available. Write or call for your free 
copy today!

Also Manufacturers of VECO
Gas Analysis and 

Chromatography Cells 
Combustion Analyzers 
Temperature-Sensing Devices 
Low Temperature (Lox Probes)

(Pat. Applied For)
Tap-A-Therm (Multi-Tapped 

Thermistors) (Pat. Applied For)
Custom-Built, Constant Temp

erature Baths and Controls
Compactrol (Electronic Controls) 

(Pat. Applied For)

Descriptive literature covering 
each item available on request

ENGINEERING 
CORPORATION

108 Springfield Road, Union, N. J. 

Telephone MUrdock 8-7150
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Regulators 226 Delay Lines 227

A 4-page illustrated brochure fur- 
ishes complete technical data on mag- 
etic voltage regulators and also serves

221
es of- 
T.iete 

engj. 
rs for 
>P re- 
K. I 
g fin- 
Lieates 
a cus- 
'•> 88

s a technical manual. It covers detailed 
iroduct description, principles of opera- 
ion. operating instructions, and main- 
enance. Illustrated with dimensional 
liagrams, response curves, schematics, 
md vector diagrams, the brochure an- 
¡wers most questions about their operat- 
ng capabilities. Sorensen & Co., Inc., 
Uchards Ave., S. Norwalk, Conn.

A 4-page catalog describes special and 
standard lumped constant delay lines. It 
lists over 275 different units covering 
standard impedance ranges from 50 to 
10,000 ohms and delays from 0.25 to 5000 
psec. Control Electronics Co., Inc., Hunt
ington Station, N.Y.

Connectors 228

NEW CONCEPTS 
IN TR TUBES...

224
a 30- 

>r the 
rature 
. The 
ering, 
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sen-

Creativity
Deutsch and Shea, Inc., technical man- 

jower consultants, have compiled a 
jibliography on creativity and its role in 
echnology, industry, and business. The 
eferences include books, articles, and 
studies encompassing science, engineer
ing, business, and other fields. The bib
iography is intended as a help to better 
understanding of techniques for stimulat
ing and developing creative abilities. 
Copies are $2.00 and may be obtained 
rom Industrial Relations News, Dept. 
ED, 230 W. 41st St., New York 36, N.Y.

Catalog MS-E-3, containing 16 illus
trated pages, covers all type E plugs. 
These plugs conform to the provisions of 
Military Standard MIL-C-5015. Also 
available is bulletin EX-1, describing the 
company’s four basic EX types. Cannon 
Electric Co., 3208 Humboldt St., Los 
Angeles 31, Calif.

Society of Plastics 229
This society prospectus summarizes all 

the activities and benefits of the organi
zation. It contains 16 illustrated pages 
and includes instructions on how to join 
the organization. Society of Plastics En
gineers, Inc., 34 E. Putnam Ave., Green
wich, Conn.

Federal Telephone & Radio 
uses SEL-REX bright gold

MA338 is typical 
of these 
new tubes.
It is a significant 
advance over 
the conventional 
6334.

component
Microwave Associates now offers guaranteed crystal 
protection for entire life of tube . . * even under full 

power and elevated temperatures.
Sei-Rex Bright Gold is used on a 
variety of electronic parts at Federal 
because, to quote Mr. William F. 
Boyle, Chief Metallurgist, the deposits 
are “... fine grained and dense, giving 
exact duplication of the surface 
plated... (it) eliminates galling in 
sliding electrical contacts” and has 
“effected a tremendous saving” 
over previous materials and methods.
The Federal Telephone story, other 
case histories and technical 
data FREE on request.

PRECIOUS METALS DIVISION

SEL-REX CORPORATION 
® NUTLEY 10, NEW JERSEY Offices: Detroit, Chicago, Lot Angeles

Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies.

Out of Microwave’s Switching Devices 
Laboratory, directed by Dr. Lawrence 
Gould, comes an important advance in 
duplexer tubes.

NEW KEEP-ALIVE DESIGN with new rugged
ized windows and new stable gas fill 
maintains spike and flat leakage powers 
within specified limits over a wide tem
perature range.

Duplexer loss plus interaction plus noise 
generation from keep alive are controlled 
within tight limits as specified by the 
system overall noise figure requirement.

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS • Telephone: BRowning 2-3000

RETROFIT IS EASY . . . single and dual 
tubes are physically interchangeable 
with conventional tubes, or tubes can be 
shortened if desired.
Each half of a dual tube is tested indivi
dually to provide guaranteed performance. 
Tubes for applications requiring high 
repetition rate and short recovery time 
are available.

FOR COMPLETE DATA about these new 
TR tubes and other advanced tubes for 
switching high powers with guaranteed 
crystal protection at any frequency, 
write or phone for specific information.
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NEW LITERATURENo. 91

Connector Soldering 233

delivery. Condi
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Conductive Gasketing 234
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235RF Connectors

Hallamore
•000 (

We'll see you at the We scon Show, Booths 412 & 433.

Forerunner in System Development
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A data sheet which describes a com
pany’s electrically conductive gasketing 
is available. The company also provides 
samples with each data sheet. Connecti
cut Hard Rubber Co., 407 East St., New 
Haven, Conn.

'old-oi
Conn.

.........

Ready, as a “building-block” for your system application... Hallamore 
Model 0162, phase-lock discriminator, a compact plug-in type unit, has 
been thoroughly proven in telemetering systems of major missile programs. 
Designed around a concept entirely new to telemetry, it eliminates signal 
suppression by noise...non-linearity as a result of filtering...thresholding, 
common at low signal-to-noise levels. For quick action, wire Hallamore 
Electronics Company, Dept. 24P, 8352 Brookhurst Avenue, Anaheim, 
California / TWX : AH-9079.

3211 SOUTH LA CIENEGA BLVD • LOS ANGELES It. CALIFORNIA TEx«» 0-27A1 • VErmont 92201
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Filter Capacitors 23J
Bulletin GEA-6819, six pages, ¿J 

scribes de aluminum electrolytic Hit J 
capacitors for computer circuits. I dd 
cusses the materials and construction f 
the units and also their operation ail 
uses. Specifications cover case sizes, rat. 
ings, performance, and characteristics. 
Pictures, charts, dimensional drawing, 
and tables fill out the text. General EK 
trie Co., Schenectady 5, N.Y.

A 10-page report giving a step by step 
procedure for the soldering of miniature 
electrical connectors is available. The 
illustrated report is entitled “Electrical 
Connector Soldering Techniques.” 
Deutsch Co., 7000 Avalon Blvd., Los 
Angeles 3, Calif.

Rf connectors are covered in an 84- 
page loose-leaf catalog. The catalog con
tains illustrated descriptions, charts, 
cross indexes, assembly instructions, and 
technical data. Kings Electronics Co., 
Inc., 40 Marbledale Rd., Tuckahoe, N.Y.

FOR FURTHER INFORMATION

write your Gertsch Representative or the Factory

CRT-3 shown opproa half size

In »pile of their small size, the CRT- 
3 and CRT-4 have the standard 
Gertsch accuracy of .001% and all 
other inherent RatioTran* charac
teristics. All components and mater
ials used meet military specifications 
and are designed to operate under 
severe service conditions.HALLAMORE 

7^ ELECTRONICS 
< COMPANY

Engineers ... for ideal working 
conditions with a dynamic, creative 
organization, address resume to 
Chief Engineer.

a division of The Siegler Corporation

sub-miniature Coaxial RatioTrans*
DESIGNE' TO MEET MIL SPECS

Switching Reactors 2371
Catalog S-10 shows a complete lire! 

of standard switching reactors for one-1 
step, low-cost static control. Adaptable! 
for ac or de use, the units perform ail 
logic functions and are applicable tol 
switching and sequencing installations! 
The 16-page catalog describes the units, 
their applications and dimensions. Il 
contains tables of electrical characteris
tics and several typical application cir
cuits. Control, Div. of Magnetics, IncJ 
Butler, Pa.

MORE Models

DecaTranModel CRT-3 
5 PLACE RESOLUTION

Model CRT-4
6 PLACE RESOLUTION



Instrument Bearings 239
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Details on a miniature line of instru- 
nent bearings, including dimensions, 
olerances, torque values, static and 
dynamic capacities and limiting speeds 
ire covered in a 6-page catalog supple
ment Ml. The illustrated catalog has 
■old-out pages. Barden Corp., Danbury, 
Donn.

Conduit Fittings 240

ings are provided or units can be deliv
ered with any number of windings up to 
eight to specifications. Chicago Magnetic 
Control, 1616 N. Damen Ave, Chicago 
47, Ill.

237
linei 
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Inc,

A 28-page color catalog illustrates and 
describes a full line of conduit fittings 
and accessories. The units are for rigid 
conduit, electric metallic tubing, armored 
¿able flexible metallic tubing, and non- 
Letallic cable. Conduit Fittings Corp., 
6400 W. 66th St., Chicago 38, Ill.

Delay Lines 242
Bulletin 510 outlines performance 

characteristics and design considerations 
for ultrasonic delay lines. The 4-page 
data bulletin covers such subjects as: 
delay medium material, transducers, 
bonding medium, casing and packaging. 
Three pages are devoted to the perform
ance characteristics of five different 
ultrasonic delay lines. Bliley Electric Co., 
Union Station, Erie, Pa.

Control Reactors 241
A catalog containing graphs and 

ipecifications for 48 standard control re- 
ictors covers 15 to 450 w type. Four 
;eries covering sensitivity range from 
1.5 to 3 amp-turns. The series meets all 
MIL-T-27-81 specifications and stands 
2000 G shock tests. Four standard wind-

Egghead Manual 243
An invaluable guide to aspiring egg

heads is now in its second printing. En
titled “On Being An Egghead, or 
Engineermanship for the Shell of It,” it 
contains a complete set of rules for 
egghead behavior. The booklet is fully 
illustrated. Benson-Lehner Corp., 11930 
W. Olympic Blvd., Los Angeles 64, 
Calif.

NEW! RVG-8T
1 ' TRIMMER 

POT

Linearity ±3% and 
Power Rating 2w (a 
85° C derated to 0 
at 150° standard — 
200 C intermittent 
operation available

Gamewell

RVG-8T Specifications
W Trimmer Pot

Rating (watts) 2
Torque (oz.-in.) Max. 1.

special high torque 
available

Weight (ounces) '/j
Resistance Range ^5%

20ft to 50 K*
Electrical Function Angle 

320°
Voltage, Max. (insulation)

1000 DC
Linearity, Standard (%) 

±3
•100K available 
Notes: Shaft lock nut is 
supplied.

• Output: 35KV • 25KVA continuous duty
• Corona-free • Vacuum—oil filled 

• Equipped with special brackets for pole mounting

The outdoor potential transformer, a new member of the well-known 
family of NWL custom-built Transformers, is made to fit the particular 

needs of the user. Each Nothelfer transformer is individually tested for core 

loss, polarity, voltage, corona, insulation breakdown and aging 
characteristics and must meet all customer's requirements before shipment. 

We shall be glad to receive your specifications and quote you accordingly.High Performance and Low Cost
Improve performance of your electrical 

and electronic circuitry with this new 
RVG-8T Trimmer Potentiometer.

Excellent performance characteristics for 
its type and size. Windings are on cards or 
mandrels, usually with wire temperature 
coefficient of 20 ppm. Body is one-piece 
phosphor bronze, nickel plated; terminals 
are gold plated; stop pins and shaft are of 
stainless steel; precious metal contacts are

used throughout. Insulation is designed to 
withstand 1000 volts DC.

Available now! RVG-8T is stocked in 
standard resistance ranges. 100 ohms to 50K 
ohms — up to 100K ohms available. Can be 
supplied with precision potentiometer tol
erances, servo-mount, or for 200°C inter
mittent operation. Write for prices and 
catalog sheet today.

THE GAMEWELL COMPANY
Newton Upper Fall» 64, Mass.

PRECISION POTENTIOMETER DIVISION

ESTABLISHED 1920

SAY: NO-TEL-FER

GA8-5

NOTHELFER WINDING LABORATORIES, INC.. P. 0. Box 455, Dept. ED-7, Trenton, N. J.
(Specialists In custom-building)
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COMPLETE NEW LITERATURE
Computer Design Techniques 248

DYNAMIC GROWTH IN .

A dependable source serving the 
industry with precision quality 
magnetic heads created Individually 
to your exact specifications and 
quantity requirements. Let our design 
engineers and production people 
solve your tape recording head 
problems . . . write, wire or call 
for details.

New design techniques to accomplish substan
tial savings throughout engineering development 
programs for electronic digital computers are de
scribed in a booklet just published.

The well-illustrated booklet describes use of a 
family of general-purpose digital building blocks. 
It also explains the application of advanced com
puter-aided design methods, beginning with the 
checking of logical equations for systems defini
tion through to the preparation of component 
lists and wiring tabulations. Control Data Corp., 
501 Park Ave., Minneapolis, Minn.

High Speed Switching 249

MICHIGAN MAGNETICS, INC.
Vermontville, Michigan

EXPORT DIV., MORHAN EXPORTING CORP., NEW YORK CITY

• SPECIAi .
5NTERTAlNMtN Aa*L|CAT'°H

1
CIRCLE 246 ON READER-SERVICE CARD

RUGGEDIZED’
FRIQUEN 

CONTROL

mw 
CRYSTAL UNITS 

MEET VIBRATION 

UP TO 2000 cps. AT 

5G. AND 1OOG. SHOCK 
IN RANGE 

4kc.TO 125mc.

This new se
ries of Bliley 

crystals units 
answers a defi

nite need for “rug
gedized” frequency 

control in the 
field of air

borne and missile- 
borne equip

ment. These 
units meet or

exceed the electrical 
and mechanical require
ments of MIL-C-3098B. 
Request Bulletin #512.

J BLILEY
J ELECTRIC CO.
UNION STATION BUILDING

ERIE, PENNSYLVANIA

CIRCLE 247 ON READER-SERVICE CARD

100

Now Available!
Tiny !

Variable
P

Vacuum
Capacitors

“High Speed Zener Switching Circuits.” an ap
plication bulletin giving detailed information on 
high speed electronic switching necessary for 
missile computers, ground control computers and 
industrial computers has been published. The 
bulletin describes the operation of silicon junc
tion diodes about the zener or avalanche break
down region. This permits diode switching at 
speeds of many magnitudes greater than those 
obtainable with zero bias point switching. The 
high speed limitation can be circumvented in this 
way to permit a reversal time, theoretically as 
short as one one-billionth of a second. Hoffman 
Electronics Corp., Semiconductor Div., 930 Pit- 
ner Ave., Evanston, Ill.

Data Display Indicators 250
Catalog 1015 has 12 pages of technical data on 

plug-in indicators for data display, storage, and 
transfer. It describes the construction, operation, 
specifications, and typical applications of the 
units. Union Switch & Signal, Div. of Westing
house Air Brake Co., Pittsburgh 18, Pa.

Platinum-Clad Metals 251
Bulletin PLA-5 is a 2-page, illustrated discus

sion of platinum-clad metals as a low-cost substi
tute for solid platinum. A table lists the physical 
properties of platinum-group metals, while the 
text points out their advantages and applications.
Metals & Controls Corp., General 
Attleboro, Mass.

Photoelectric Catalog
With pictures and descriptions, 

lists 24 pages of photoelectric and

Plate Div.

252
Gatalog 58 
other elec-

tronic controls. It covers high speed, ultra sensi
tive, and impulse actuated photoelectric timing 
controls; a complete series of light sources; 
normal, small, and miniature phototube and light 
source heads; electronic timers; and controls 
operated by current surge and impact. Autotron, 
Inc., Box 722 HA, Danville, Ill.

VARIVAC
TYPE A-10/3 
CERAMIC 
ENVELOPES

WITH

Especially suited for the needs of 
telemetering and other miniaturized 
electronic equipment, these new 
UNITED vacuum variable capacitors 
represent the latest and most effective 
solution to many complex problems.

RATINGS
Capacitance range 
Max. peak RF voltage 
Maximum RMS current 
Maximum temperature 
Shaft revolutions 
Net weight 
Nominal overall 

dimensions less 
connector lugs

2 to 10 uuf 
3000 volts
1 ampere 
500° C 
5 turns 
4/10 oz.
Length: 1%«* 
Diameter: %’

For dielectric stability and mainte
nance of precise setting of capaci
tance in high altitude, high tempera
ture environment, there is no other 
class of capacitor that can equal these 
nere vacuum variables. Capacitance 
variation control is straight line.

Your inquiries are cordially invited.

UNITEDV ELECTRONICS
A Subsidiary of Ling Electronics, Inc. 

42 Spring Street, Newark 4, N. J.

CIRCLE 253 ON READER-SERVICE CARD
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insist on the Philbrick amplifier 
)r our new package" says Philbrick 
:RE’S PHILBRICK ON PHILBRICK 

: We use only the finest components in 
products. That's why we insisted 

fi Philbrick's new USA-3 Opera- 
onal Amplifier as a sub-assembly for 

W new Analog Package, the I PA-2. 
Ye have found it (the USA-3) nifty 
md thrifty. II> recommend it without 
eservation. And that goes for the 
J PA-2—too."

HILBRICK OPERATIONAL AMPLIFIER... USA-3 
ore performance per dollar than any other amplifier, 
ghly reliable — no electrolytic capacitors or glow tubes, 
»signed to prevent self-destruction even when the output 
grounded. Drift, noise, offset under 100 microvolts. Output 

I ± 116 VDC. Wide frequency range— DC to lOOkc (attenu- 
tion less than 3db) when connected as a gain-of-ten ampli- 
•r. 7* x 2!4" printed circuit board mounts
»y several convenient methods. PriCC $95.

‘HILBRICK UTILITY PACKAGED AMPLIFIER ...
PA-2
ombines new level of flexibility and convenience. Perform
Ke characteristics same as the USA-3 amplifier, the heart 
I this package. Can drive 12,000 ohm load to 100 volts in 
ither direction. Designed for 31/?" rack mounting but can be 
ised equally well as a bench amplifier, or plug-in assembly 
nthout modification. Use it for analog computing, measure- 
ient and control, continuous data reduction, .
nd many other feedback operations. "(ICC 5149.

for technical literature and advice on your 
Pplic it ion.

GEORGE A.

PHILBRICK
RESEARCHES, INC. HUbbard 2-3225

”4 C ongress Street, Boston 10, Massachusetts 
the analog way is the model way
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Relays 255
Six subminiature relays for critical airborne 

applications are described in this product en
gineering bulletin. Characteristics and detail 
specifications for the DC 31, 32, and 33-AC, 34, 
and 36 subminiatures are furnished along with 
circuit diagrams and detail drawings of each. 
Features and technical data involving the pro
duction of these subminiature relays are in
cluded. The bulletin contains 4 pages plus a 
panel fold-in. Phillips Control Corp., 59 W. 
Washington St., Joliet, Ill.

Thermistor Probes 256
Nine specially designed thermistor probe as

semblies are described in detail in a 4-page 
brochure. Each assembly is identified by its most 
common application, and has complete dimen
sions and mounting arrangements. Applications 
of the probes include air, oil, and fuel tempera
ture measurement; surface temperature measure
ment; and liquid level indication and control. 
The probes are widely used in missile telemeter
ing circuits and other places where precise and 
accurate control is demanded. Fenwal Elec
tronics, Inc., Mellen St., Framingham, Mass.

Waveguide Components 426
Duplexers, horns, bends, straight sections, and 

other components for large size waveguides are 
described in a short form catalog. The compo
nents are especially suited to frequencies fav
ored for tropospheric scatter propagation. D. S. 
Kennedy & Co., Cobasset, Mass.

Pulse Height Analyzer 257
This literature is an 8-page pamphlet listing 

specifications and operating characteristics of a 
company’s 256-channel pulse height analyzer, 
model 20609. The pamphlet also describes qual
ity control tests which finished instruments un
dergo before shipment. Radiation Counter 
Laboratories, Inc., 5121 W. Grove St., Skokie, Ill.

Power Supplies 258
Catalog No. E-58 illustrates and describes a 

line of dc power supplies, ac line regulators, and 
static inverters. The catalog contains six illus
trated pages. Perkin Engineering Corp., 345 
Kansas St., El Segundo, Calif.

Wire and Cable 259
A six page illustrated brochure, TWC 57, 

presents descriptive information, including oper
ating specifications for a wire and cable line. A 
special section of the brochure outlines the 
various multiconductor cables now offered by 
the company. William Brand & Co., Inc., Willi
mantic, Conn.
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Now you can order from stock 
the new 

^BRYANT MAGNETIC^ 

STORAGE 
DRUM

3NK9 The new 512A Bryant general purpose magnetic storage drum 
meets the exacting demands of all permanent storage problems, yet is 
versatile enough to be used as a laboratory instrument. These 5" dia. x 12" 
long drums are stocked for immediate shipment at a price that is far below 
the cost of customer-designed drums.

Features! Guaranteed accuracy of drum run-out, .00010" T.I.R. or less; 
Integral motor drive; Capacities to 625,000 bits; Speeds up to 12,000 
R.P.M.; 500 kilocycle drum operation possible; Accommodates up to 240 
magnetic read/record heads; For re-circulating registers as well as general 
storage.

Special Models: If your storage requirements cannot be handled by 
standard units, Bryant will assist you in the design and manufacture of 
custom-made drums. Speeds from 60 to 120,000 R.P.M. can be attained, 
with frequencies from 20 C.P.S. to 5 M.C. Sizes can range from 2" to 20" 
diameter, with storage up to 6,000,000 bits. Units include Bryant-built 
integral motors with ball or air bearings. Write for Model 512A booklet, or 
for special information.

BRYANT GAGE and SPINDLE DIVISION

P. O. Box62O-M, Springfield, Vermont, U. S. A.
DIVISION OF BRYANT CHUCKING GRINDER CO.

High Speed 
Computer 
Drum

Mobile
Military

Computer 
Drum

Synchronous 
Computer 

Drum

Airborne 
Computer 

Drum
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NEW LITERATURE

WHY DO MORE ENGINEERS 
READ ELECTRONIC DESIGN 

FIRST?

Teflon Terminals

ESC Corp Photo

FIRST ... to bring you ALL the new products normally encountered by de
sign engineer in his work.

Dimensions and performance data on ovi r 2 J 

types of subminiature Teflon terminals are givj 
in an 8-page catalog. The illustrated booklet cl 
scribes subminiature stand-offs, feed-througU 
plugs, jacks, and special terminal fabrication 
Straight-pin, hollow, and threaded pin termind 
are included. Data is also given on tin, goid-on] 
silver, and other pin platings available for read I 
to-solder use. Trinseel, Inc., Div. of Tri-Pom 
Plastics, Inc., 177 LU. Willets Rd., AlbertsJ 
N.Y.

Magnetic Core Testing
Bulletin 57-G describes a modular magnet J 

core tester which delivers programmed pub 
chains in a periodically repeated, basic 8-sbp 
pattern. The 4-page illustrated folder discussJ 
the features of the instrument and the versatile 
of pulse programming through the repetition^ 
any one or more steps or step-pairs. It also has ; 
detailed explanation of the programming methoi 
a block diagram, complete specifications, ad 
brief descriptions of optional equipment. Res 
Engineering, Inc., 731 Arch St., Philadelphia Î 
Pa.

Microwave Test Equipment

FIRST . .
FIRST . .
FIRST . . 
subjects.

FIRST . .
FIRST . .
FIRST . .

to concentrate on 100% design information.

An 86-page catalog has been released to da 
scribe a full line of precision microwave tea 
equipment. Charts illustrate the complete techl 
nical data, and photographs show all instruments 
There are tables covering measurement formulas 
waveguides, and waveguide connectors. Th 
catalog also contains technical reports. Two n 
them are “Noise Measurement Techniques’’ an 
“Summary of Design for Aluminum Flux-Di 
Brazing.” Waveline, Inc., Caldwell, N.J.

to

to
bring you every-other-week frequency.

bring you 13 FEATURE REPORT issues on current design

Epoxy Resin Systems

to 

to 

to

offer translations and abstracts of Russian electronic articles, 

bring you IRE and WESCON convention coverage & previews.

This brochure outlines the physical and elec 
trical properties of a company’s epoxy resin sys 
terns. It covers twenty-five of the systems offeree
Included in the brochure are room-temperatur( • she 

design a fast and easy to use READER SERVICE CARD for use 
in obtaining additional electronic information.

moderate-temperature, and moderate-high-tem 
perature curing systems. For each system avail 
able, a chart gives the average pot life, viscosit ' bu!

Reader preference studies show that more and more Electronic Design sub
scribers are becoming "one publication" readers. ED is more timely, more com
plete, and of more direct interest to the electronic engineer than any other 
technical publication. You can save valuable reading time, and be sure to cover 
your field completely when you READ ELECTRONIC DESIGN FIRST.

in centipoises, recommended cure condition! t 
flexural deformation temperature, and maximui 
exothermic temperature. Also listed in each chai 
are physical properties o£ cured samples of th 

A HAYDEN Publication,

systems, heat resistance, thermal shock, velum — 
resistivity, dielectric constant, and dissipati« 2^ 
factors. The brochure also contains a list of de 
finitions of terms used in connection with ('pox ’ I 
resin systems. Permacel-Lepage’s, Inc., Ne’ 
Brunswick, N.J.

830 Third Avenue, New York 22, N. Y.
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Combine increased readability 
with attractive color styling. 
ASA/MIL 1^', and 3^’ 
mounting. Upto 50% longer scale 
in same space as conventional 
types. Standard and special 
colors. Bulletin on request. 
Marion Electrical Instrument Co.. 
Manchester, N. H., U. S. A.

•T.M. Reg. U.S. Pat. Off. U.S. A Foreign Patents 
Copyright © 1958. Marlon
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it's SHARP... it's CLEAR 
when you inspect with...
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PIKE 472 power
ACHROMATIC

26
d ele< 
¡in sys 
ifferd

FLASH-O.LENS
illuminated magnifiers

4%x portable 
battery model; 
also electric 
"plug-in" models

raturi ' sharp focus

i adjustable image
i avail
scosit] 1 built-in illumination

litio« iquiek conv rsion to 7, 20
ximui or 40 power with 

interchangeable lenses

WRITE TODAY 
for literature showing 

uses, types, prices

h chai 
of tb

Since 1927 — manufactured in the U.S.A. by

W. PIKE & CO., INC.
°enna. Ave., Elizabeth, N. J. • ELizabeth 2-0630

20x or 40x

Waveguide Bends 267
A 12-page Catalog No. C-158 ju^t released, pro

vides an up-to-date guide for the selection of 
precision cast bends and formed waveguide 
bends. The catalog covers the wide variety of 
bends offered and provides simplified ordering 
information. Microwave Development Labs., 
Inc., 92 Broad St., Babson Park 57, Wellesley, 
Mass.

Precision Springs 268
Catalog No. 10 covers compression springs, 

flat springs, strip springs, contact rings, contact 
strips, and screw machine products. The catalog 
includes complete engineering data on the 
greatly expanded line of standard products and 
describes design engineering service available, 
tool making facilities, and lists various finishes 
available. Instrument Specialties Co., Inc., 244 
Bergen Blvd., West Paterson, N.J.

Rotary Electrical Equipment 269
Bulletin 258 contains information on a com

pany that produces miniature motors, generators, 
hand driven generators, and rotary converters. 
The company specializes in design and develop
ment work required in the electrical rotary field 
for specialized applications. Heinz Mueller En
gineering Co., Inc., 1906 N. Cicero Ave., Chicago 
39, Ill.

Pulse Generators 270
Model 3450B two megacycle pulse generator 

is covered in a 3-page booklet. Specifications, 
large instrument photo, and typical applications, 
are provided. Also available is a similar descrip
tion of the model 3460A megacycle double pulse 
generator. Electro-Pulse, Inc., 11861 Teale St., 
Culver City, Calif.

Thermistors and Varistors 271
Over 250 standard thermistors and varistors 

are listed with pertinent engineering data in a 
recent catalog. The applications and characteris
tics of the units are noted, and curves and draw
ings are used for illustration. Other products 
mentioned include experimenters’ kits, gas anal
ysis equipment, and hypsometers. Victory En
gineering Corp., 519 Springfield Rd., Union, N.J.

Hardware 272
Catalog 30, 24 pages, features complete lines 

of molded and standard terminals, diode clips, 
taper pins, plubs and receptacles, handles, quint
lock nuts, terminal boards, swaging tools, and 
other hardware. Among the items new to the 
catalog is a snap-lock teflon-insulated terminal 
line. Facilities for custom design and manufac
ture are described. Lerco Electronics, Inc., 501 
S. Varney St., Burbank, Calif.

Non pressurized at 
50,000 feet... yet retains

100% RELIABILITY!
Extreme altitude is only one of many demanding require
ments in which DALOHM RSE precision wire wound re
sistors offer dependable reliability.
The precision resistor element is inserted in a special shock 
absorbent material and completely sealed in a tough metal 
tube. Its ready to meet demanding conditions of mechan
ical shock, moisture and humidity, thermal cycling and 
power loading.

Here are the RSE standard specifications that help you 
meet demanding electronic requirements:

• Operating temperature range: —65° C. to 275 C.
* Precision tolerance range: 0 057», 0.17., 0 257., 0 57., 17. and 37».
’ Rated at 2, 3, 5, 7 and 10 watts.
* Resistance range from .5 ohm to 175K ohms
* Temperature coefficient: 0.00002/Degree C
• Insulation breakdown: 1000 V AC or DC.
• Seven sizes: 11 /16 X .220 to 1 61 /64 X .395.
* Complete protection from vibration, moisture and salt spray

Write for Bulletin R-25

SEVEN SIZES;
FIVE POWER RATINGS

TYPICAL RSE 5 DERATING CURVE
£ too

2
Q \
Ô

so

220
> us us ns ns 
AMMEN! TIMF OtG CINTIGSAOC

JUST ASK US
DALOHM line include« a complete selec
tion of miniature precision power resistors 
• wire wound and deposited carbon», preci
sion wire wound miniature trimmer poten
tiometer and collet fitting knobs. Write for 
free catalog
If none of DALOHM standard line meet« 
your need, our engineering department is 
ready to help solve your problem in the 
realm of development, engineering, design 
and production. Just outline your specific 
situation

DALE 
PRODUCTS 

INC.
1328 28th Ave. 

Columbus, Nobr., U.S.A.
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SINGLE LAMP 
HOLDER 

No. 7538

Only at Aerctest will you find a com
plete single source of diversified test
ing services-evaluation tests to help 
design your product, sampling tests 
to help build it, and qualification 
tests to help sell it

LAMPS USED:
T-1% wire-lead 

incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic 
lenses (7 colors).

DATALITES 
with 

Built-in NE-2E 
Neon Lamps

DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 
are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 

SAMPLES ON REQUEST —AT ONCE —NO CHARGE

No. 249-7841-931 
with 

built-in resistor

Other Aerotest services available to 
manufacturers include:

• Research & Development
• Test Equipment Design
• Inspection Consultation
• Quality Control Analysis

FIXED COAXIAL

ATTENUATORS

I 25-
M210 . . . FREQUENCY DWS

RANGE: I to 10 KMC.
ATTENUATION: I to 20 DB.
M50 . . . FREQUENCY RANGE
DC to I KMC. usable to 2 KMC.
ATTENUATION: I to 50 DB.

Foremost Manufacturer ot Pilot Lights

DIRHCHT
CORPORATION

’rf*''’

Ie^I FREE!
New revised edition of our 
designer’s wall chart. Useful 
handbook data - conversion 
factors, tables, etc. Send 
for your free copy today.

Four-page Bulletin Fl A deals with engineered 
vibration and shock mounting systems for air
borne electronic equipment. It illustrates and 
describes variable-damped engineered mounting 
systems, and discusses the design and selection 
of the component parts of these systems. A sec
tion covers problems involved in vibration isola
tion mountings for gyroscopic instruments. An
other describes test facilities. Mounting bases are 
illustrated along with special, standard, minia
ture, and subminiature unit mounts. Federal 
Shock Mount Corp., 1060 Washington Ave., New 
York 56, N.Y.

AEROTEST LABS
FOR RELIABLE TESTING OF 

ALL PRODUCTS TO ALL SPECS

TWIN LAMP 
ASSEMBLY 

No. 248-6939-1437

Replaceable Tr 
Lamp Cartridges U

In this brochure—complete facts on DIALCO's

For the Computer-Automation Industries
DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 
the computer-automation fields. Made in 2 basic styles: 
Lamp Holders with DIALCO’s own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in %* clearance hole; the twin-lamp 
assembly mounts in %" clearance hole.

Eight solid film lubricants and their applica
tions are the subject of Catalog LB-6-1157. In
cluded are coatings for high temperature (to 
1500 F), low temperature (—300 F), corrosion 
resistance, high loads (225,000 psi), and high 
speeds (to 30,000 rpm). The 16-page illustrated 
booklet gives a brief description of each type 
with graphs to show its performance. It contains 
processing recommendations for various metals 
and a table of physical properties. Research 
facilities are also covered. Electrofilm, Inc., P.O. 
Box 106, North Hollywood, Calif.

pow 
disc

COMPLETE PROPOSALS SUBMITTED 

WITHOUT OBLIGATION

waslaboratories, me. 
1?9 11 18th AVÍNUÍ 
(OUtGf POINT 56. N Y

No. 
249-7840-1431

(llluxt. approx, 
actual lite)

With 
Rotatable 

Lenses

1431 Ä

No. 
250-7841-1431 

with 
built-in resistor

Catalog 0158 has 28 pages on snap-acting 
switches. General-purpose, high-sensitivity, en
vironment-free, immersion-proof, metal-cased, 
AN and JAN, direct-current, reset, appliance, 
miniature, and subminiature units are listed. A 
pictorial index tells where to find drawings, de
scriptions, force and movement specification 
tables, and electrical ratings. Data on bases and 
terminals, actuator types, circuit arrangements, 
and NEMA sensitive-switch terms are included. 
Unimax Switch Div., The W. L. Maxson Corp., 
Ives Rd., Wallingford, Conn.

46 STEWART AVE., BROOKLYN 37, N. Y. • HYacinth 7-7600 
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This literature is a technical information and 
product brochure on precision power oscillators 
offering an ultra-stable voltage source for use in 
a wide variety of electronic systems. The bro
chure is clearly illustrated and folds in a manner 
to provide quick identification in notebook or 
reference files. Photographs and descriptive ma
terial on the instrumenation line are presented 
with technical information prepared in text and 
graphs which explain ultra-stable power source 
characteristics, test results, etc. Electronics Inter
national Co., 145 W. Magnolia Blvd., Burbank, 
Calif.
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Inquiries for attenuators for special applications 
requiring closer tolerances are invited 

lUeinlclie/ ¿Engineering

KENSINGTON, MARYLAND
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rigid specs Demand 
WEINSCHEL PRECISION!

IMPEDANCE: 50 ft 
CONNECTORS:**"

1 female; I male

Excellent shock 
and vibration 
resistance!
Negligible change 
of attenuation 
under humidity 
and temperature 
cycling!
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HUNDREDS OF TYPES 
AVAILABLE

For ALL your dry battery needs 

BURGESS 
Serves You Better! 
MOST COMPLETE LINE OF STANDARD BATTERIES

2 oat of 3 Indastrlal-cleetrenlc engineer» 'peelfy Bargeu Batteries! That’s 
beeaaM the Borgess lino of dry batteries is the most ci.mpletr aim dependable 
one-sonne line on the market! There’s a Borgess Battery for almost every 
conceivable dry battery application. Choose from over 5,000 types already 
utsif usq.

FREE DESIGN SERVICE FOR NEW APPLICATIONS
For those special applications, ‘killed Barges» Engineers offer yoo a FREE 
design eonsoltation service. When year partiealar problem has been solved, 

w ."••"•factorr the exact battery tn kt yoar needs, regardless of 
goantity regslrrd! v •

“PRD Reports,” Vol. 5, No. 4, discusses the 
frequency resolution obtainable from a noise- 
jittered harmonic generation system. The case 
analyzed in the 4-page is that of a noiseless oscil
lator whose frequency is to be adjusted to zero 
beat with some harmonic of a frequency standard 
which is likewise immersed in noise. Polytechnic 
Research & Development Company, Inc., 202 Til- 
lary St., Brooklyn, N.Y.

A company’s G series multicoder and associ
ated commutator sampling switches for low-level 
data acquisition are described in this set of three 
catalog bulletin sheets. The bulletin sheets give 
features and specifications of console units which 
operate directly from strain gages, thermocouples 
and similar transducers which prov ide outputs in 
the low millivolt range. Applied Science Corpo
ration of Princeton, P.O. Box 44, Princeton, N.J.

UNLIMITED RANGE 
OF VOLTAGES

BURGESS Exdusive 

WAFER CELL CONSTRUCTION 
Gives Greatest Selec

tion of Dry Batteries

CAPACITY TAILORED 
TO YOUR 

APPLICATION

and High Purity Metals...
As one of the world’s largest primary producers, 
we are supplying TADANAC Brand Indium and 
Indium Alloys to leading American, European and 
Canadian electronic firms. We are in quantity 
production of the forms shown and are prepared 
to preform and alloy to your specifications. Our 
prices include customs duties and we handle all 
customs procedures. Our Technical Service Depart
ment, backed by the full facilities of our Research 
Division, is ready to assist you in the use of this 
versatile metal, available as
TADANAC High Purity Indium—99.999% (by diff.) 
TADANAC Standard Grade Indium—99.97+%
TADANAC Indium Alloys—a wide range to customer 

specifications

“Electronics Precision Strip Selector” is a pam
phlet to help engineers pick the right precision- 
rolled metal strip for miniature applications. The 
strips are rolled as thin as 0.0005 in. with toler
ances as close as ±0.0001 in. The pamphlet lists 
electronic parts and components alphabetically, 
showing the precision-rolled metals used in the 
manufacture of each. Applications are given for 
rarer metals such as niobium, zirconium, tanta
lum. and titanium. American Silver Co., 36-07 
Prince St., Flushing 54, N.Y.

Heat Dissipating Shields 285
“Heat-Dissipating Electron Tube Shields and 

Their Relation to Tube Life and Equipment Re
liability" is available in a new 28-page edition 
illustrated with charts, graphs, photographs, and 
cutaway drawings. Tht» text is a speech that Har
vey Riggs read to the U. K. Inter-Services Com
mittee for the Coordination of Valve Develop
ment in London. Internationa] Electronic Re
search Corp., 145 W. Magnolia Blvd., Burbank, 
Calif.

Th« revolutionary Wafer Cell 

offers a 30% Increase in bat
tery life at no increase in 

size. This exclusive Burgess 

construction consists of a 

sandwich of manganese di
oxide mix between two flat 
electrodes of zinc and carbon 

with spots of hot silver wax 

applied to each exposed pole 

of the coll, allowing perfect 

electrical contacts throughout 

and almost complete absence 

of vibration. Cells are wrap

ped In Mylar film and packed 

in such modern materials as 

aluminum for compactness, 

long shelf life, exceptional 

service life, outstanding de
pendability.

TRANSISTOR ACTIVATORS

Other TADANAC High Purity Metals
We can supply LEAD, CADMIUM, SILVER or BISMUTH with 
a total impurity content of less than 1 p.p.m.* or ZINC 
with a total impurity content of less than 2 p.p.m.*
* Total impurity content determined by spectrographic analysis

Russian Research Contents

For further information and a new booklet on 
Indium Propertie» and Vee» write:

The Consolidated Mining and Smelting Company of Canada Limited 
METAL SALES DIVISION—215 Sternes Street, W.

sn»o me Montreal 1, Quebec, Canada
CIRCLE 281 ON READER-SERVICE CARD

With May, 1958, a monthly guide to current 
Soviet research begins. Each issue will contain 
English titles of all papers being translated into 
English from 39 Soviet journals. Called “Express 
Contents of Soviet Journals,” the guide will give 
the contents of Soviet periodicals two months 
after they are published and two to six months 
before translations are ready. An annual sub
scription is $25.00 and may be ordered from Con
sultants Bureau, Inc., 227 W. 17th St., New York 
11, N.Y.

Borgess Activator Bat 
ten« for transistor 
dreoits an smaller 
and more compact in 
size. Yet they deliver 
30% more power be- 
caaw of t<»e patented 
“wafer-cell” cunstroe* 
tion. Borgess Activa
tor» give yoo compact 
power on (form per- 
tormanee, lengei shelf 
life ... all com
bined with modern 
packaging.

RESERVE BATTERIES

Caa be stored dry
1er years 
•aly when 
la water, 
dung ot

Activated 
Immersed 
Ne han* 
dangeroas

electrolyte. ne twill*
Ing leaking!
Wider range of HR* 
dent operating tom* 
peratores than any 
other type of bat
tery.

Send for Engineering Oats on Dry Batteries and Frat Specifications Cheek Chart 

BURGESS BATTERY COMPANY 
FREEPORT, ILLINOIS
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IDEAS FOR DESIGN

Have you thought of using

The PNN and NPP
iron

h or

cor

been built that are capable of handling 10 w with fortt
good frequency response and of 5 x 10s,

FAFNIR
MOST COMPLETE LINE IN AMERICA

CIRCLE 308 ON READER-SERVICE CARD

106 ELECTRONIC

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.

each selected for its individual properties, prao rn 
tical pnn or npp devices can be made. A typical > ( 
pnn connection is shown in Fig. 1. Units have

MULTI-ELECTRODE devices of npp or pnn 
configurations can be built that are capable 

of handling 10 w with good frequency response. 
They are built up from typical npn and pnp 
transistors, each selected for its individual char
acteristics. Essentially, the operation is based 
upon the stable properties of a hook connection. 
In this article the important design features are 
presented along with a simplified procedure of 
assigning symbols. An interesting circuit applica
tion of these devices is included where they are 
coupled with high-powered pnp or npn transis
tors in push-pull circuits.

Fig. 1. A typical pnn connd 

tion built up from pnp and np' 

units.

Faf ir Miniature 
Ball Bearings 
currently include 
Open, Shielded, 
Flanged, and 
Hanged Shielded 
Types in each 
bearing size.

Designing PNN and NPP Devices
In the past, pnpn structures have been built 

and used in a variety of ways. Many designers 
took advantage of the positive feedback proper
ties a hook connection exhibits. However, no 
commercial units have been designed to be used 
in the stable configuration. On reason for this is 
that the floating region should have good col
lector characteristics and at the same time be a 
good base. A compromise has to be made be
tween the two with the result that the frequency

You can eliminate the inverter in a push-pull circuit with npp and 
pnn type transistors. They can be assembled from ordinary npn and 
pnp units. Some types are expected to be available commercially from 
Advanced Research Associates.

Here the current gain of the npp or pnn transit 
tor has been designated a*. This is approximate
ly equal to of a common base stage times P oi 
the transistor used as the output stage when di
rect coupled. Fig. 2 is typical characteristic 
curve of one such pnn device. Block and sche
matic diagrams of the junction structure of a con 
ventional transistor and the hook collector junc
tion transistor are shown in Figs. 3 and 4.

The assignment of symbols differs with con 
ventional methods. Current distribution in the 
npn or pnp device is related to transistor action, 
and standard transistor terminology has been de
rived from consideration of this action in devices 
which have been available hitherto. In the stand
ard transistor the base lead, which carries the 
control signal only, is connected to the base re-

response and power handling capabilities of the ok C( 
device are limited when used as a pnn or npp. > rea 

By using available npn and pnp transistors, inec

Wherever requirements put a premium on precise 
bearing performance and long service life, you can 
confidently specify Fafnir Miniature Ball Bearings.

Fabricated of extra-clean, vacuum-melt 440C 
stainless steel, these bearings are free of raceway 
pits or imperfections. Superior race and ball finish 
produces supersensitive types with low torque 
values.

Individual hardened retainers for each bearing 
size assure balanced bearing design. Pitch circle 
of balls is centered between bore and outside diam
eter. All bearings are made to ABEC-5 tolerances, 
or better.

For bulletin, write The Fafnir Bearing Com
pany, New Britain, Connecticut.

? arr 
itial
11 nr

FLAWLESS
PERFORMERS!

Fafnir Miniature
Ball Bearings of 

EXTRA-CLEAN VACUUM MELT 
44OC STAINLESS STEEL



to meet ACDCany application

lOO^omp
enable SIE to offerNew circuit developments now

TPC-2 Specifications
space.Input Voltage:

Input Current:
Maximum Rated Output:

20 25

COLLECTOR VOLTAGE ( Vcc ) Volts

Fiq 2. Collector characteristics of pnn type 
transistor.

BASE CURRENT ( Ib) MOmp 

(Negative)

7OOm amp

460gamp

ZOOMOmp

of the 
npp. 
sistors,

in, which is physically situated between the 
ler regions and hence is common to both junc- 
ns. In the more complicated hook connection 
th one additional junction the control current 
ws through the region attached to one end of 
; array, and the connection attached to the 
itral or base region carries both signal and out- 
t currents. In the standard texts describing the 
ok connection, the leads are still designated by 
? regions to which they connect, so the base 
inection carries both the control and output

, prac rrents and the emitter connection carries only 
typical > control current.
s have 
w with 
x 103. 
ransis- 
:imate- 
es ß of 
len di- 
teristic 
I sehe- 
a con- 

r june

This terminology appears to be particularly 
Fortunate from the point of view of the circuit 
signer who is only interested in the perform-

Efficiency:
Load Regulation:

Ambient Temperature: 
Ripple: 

Dimensions: 
Weight: 

Price:

12 vdc nominal
6.2 a full load, 0.8 a no load
400 ma @ 150 vdc or 200 ma @ 

300 vdc
Better than 80% at full load
Less than 15%, No Load to

Full Load
Less than 8%, One-Half Load to 

Full Load
—40’ F. to + 150’ F.
0.5% full load, RMS basis
3%"Hx3%"Lx2%”W 
1% lbs.
$125.00 (F.O.B. Houston, Texas)

transistorized power supplies to cover all possible appli
cations: DC to DC, DC to AC and AC to DC; regulated 
and unregulated, high and low voltage and current ratings, 
for laboratory, industrial and military installations.

Especially significant is SIE’s new circuit which per
mits operation from DC input voltages above 30 volts 
without requiring special transistors.

In the 60 watt TPC-2, an ingenious case design 
permits it to be used in free air without a heat sink, or
attached to a heat sink in a confined

Check these specifications. They will 
suggest many new applications for 
these latest SIE contributions to Elec
tronic Instrumentation for Industrial 
Progress.

SI

SOUTHWESTERN INDUSTRIAL 
ELECTRONICS COMPANY

2831 POST OAK ROAD • P 0 BOX 130S8 • HOUSTON. TEXAS
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pnp pnn
Acid resistant. .. 

Need no insulation 
Can't rust. . .
Can't corrode • • •

COM 5366

5335 COM

SUBMINIATURE

con net 
and npn npn npp

HAYDON 5300 
SERIES SWITCH

BLACK NYLON

SCREWS

2-56, 4-40, 6-32, 8-32, 10-32 and 1/4-20 
in stock. Actual production samples 
will give you the whole story. Write 
on your letterhead.

=1 NC

This new switch is available with a 
full range of operating forces, from 
2 to 20 ounces. The case is made 
of Diallyl Phthalate, a plastic with 
high strength and stability. A choice 
of two shapes—the MS525085 con
figuration (#5366), or the space
saving round base style (#5335). 
Special versions of the 5300 Series 
Switch can be furnished for a wide 
variety of applications. For further 
information, write for data on the 
Haydon 5300 Series Switch.

INCORPORATED

WATERBURY 20, CONNECTICUT
CIRCLE 311 ON READER-SERVICE CARD

5366

5 oz.
1 oz.
.004
005

-65’ +300°F.

Specification«
Operating Force, max. 
Release Force, min. 
Differential Travel, max. 
Overtravel, min.
Electrical Ratings, 
30 Volts D.C., 115 Volts A.C. 
Ambient Temperature

Range

533S

5 oz. 
1 oz. 
.005 
010
5 amps, Resistive
3 amps, Inductive

-65’ +300’F.

5 amps. Resistive
3 amps. Inductive

CIRCLE 310 ON READER-SERVICE CARD
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Fig. 3. Block diagrams of conven
tional and the hook collector junction 

transistors.

WECKESSER COMPANY
57O3-O5 Northwest Hwy. • Chicago 46, III.
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In just one glance you have the
INPUT
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F or complete specifications and prices, please write

LOADINPUT
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save SPACE
áña.WEIGHT with^W

Other Important 
SYSTRON Features:

• Magnetron Beam 
Switching Tubes

• Local or Remote 
Indication

• Adjustable Trigger 
Controls

• Drives Digital Recorder 
Directly

Fig. 4. Schematic diagrams of conventional and the 
hook collector |unction transistors.

A IVI E MO from ERIE

Push-Pull Circuit Applications
One of the most interesting circuit applications 

of these devices is when they are coupled with 
existing high-powered pnp or npn transistors in

answer — and you get the answer 
in just one unit. With Systron’s 
single package IN-LINE readout 
digital counter, there’s no trans
posing. no confusion, no second 
look. Large 1-inch IN-LINE 
digits are clearly readable at dis
tances up to 40 feet, overcoming 
fatigue and error factors. One unit 
eliminates auxiliary boxes; in
creases accuracy as well as speed.

Model 1031 
Megacycle-Micrc»econo Counter-Timer
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ance of the transistor as a black box.
Practical terminology of transistors will be ad

hered to, namely that the base connection is that 
which carries the control signal, the emitter con
nection is that which carries both control and 
output currents. The only adverse result of this 
convention is that as the control and output cur
rents are of opposite sign, the actual emitter cur
rent is less than the actual collector current. If 
leads are connected to the semiconductor sec
tions that are to be used in the circuit, one sec
tion floats. By naming the device for the sections 
connected, we have an npp or a pnn transistor. 
In Fig. 4, the four units are shown with the di
rection and distribution of currents.

CORNING TYPE S-20 RESISTORS 
(y2 watt—120°C)

MIL-R-11804 B Specifications 
for Reliable, Stable, Accurate 
Operation up to 120°C.

CALL OR WRITE FOR NAME OF YOUR NEAREST DISTRIBUTOR

A new panel filter to provide clean, 
oil-free air for ventilating electronic 
devices. New type, highly inert 
synthetic material backed by 
aluminum screen provides durable 
corrosion-resistant media for oper
ation at temperatures up to 350”F 
Expanded area type construction 
provides high filtering efficiency 
and low pressure loss through filter. 
Operation is uneffected by changes 
m velocity and temperature. Avail
able in all sizes and thicknesses 
from y2 to 2". Air velocities from 
100 to 450 fpm. Write for full 
details. Air-Maze Corporation, 
Cleveland 28, Ohio. Dept. EL 1.

WITH

SYSTRON
IN-LINE READOUT 
In a single unit

TOUGH
WHEN THERE S AN EASY WAY

Temperature 
Vibration: 
Shock

TOUGH!

54 C. to 85 C 

500 CPS, 10g

Hermetically Sealed Housings 
Direct Current or 400 Cycle Operator 

Standard or Reverse Outchinç 
Custom Designed to Meet Military Specifications 

Write for Bulletin AWH-TD-50*

~ TINY!
1 x 2 inch cross sector 

7V2 ounce basic weig

A.TOAYD0N
NORTH ELM STREET, WATERBURY ID. CONNECTICUT 

Design and Manufacture of Electro-Mechanical Timing Device^
Fig. 5. (a) Typical push-pull amplifier circuit, (b) Re
placing one of the npn s eliminates the need for a phase 

inverter.



* !

m,h-pull circuits. Consider the usual push-pull 
n.plifier circuit shown in Fig. 5a. When using 
u > npn transistors in a push-pull amplifier, the 
l€ d for a phase inverter at the input arises in 
irder to cancel the phase inversion in one of the 
ipn’s. If one °f tbe npn’s is replaced with a npp 
i phase inverter is no longer needed, as shown 
n Fig. 5b.

In addition to push-pull applications, there 
ire r ny other circuits in which these devices 
vf provide greater efficiency. When composite 
mits such as the npp and pnn are available to 
he d< gn engineer, much of the detail circuit 
]esi u can be eliminated.

7 ri H. Hoge, General Manager, Semicon- 
iuctor Div., Advanced Research Associates, 
ic„ Kensington, Maryland.

NEW EVEREADY
TRADE MARK ENERGIZER with

exclusive CATHODIC ENVELOPE construction

Identifying Scope Displays
Especially when using a transistor curve tracer 

with a scope, it’s handy to be able to identify 
the variables on the scope screen. An easy way 
:o do this is to rough out a small area on the back 

Lurface of the plastic coordinate screen near the 
kdge of the viewing area. A small piece of emery 
taper does this quickly. Then, one can apply 
fecal letters on the front surface of the coordi
nate screen. (Decals with transparent backing 
Ire commercially available.)
I The scope’s scale illumination Tights both the 
loordinates and the variable designations and 
limplifies the identification of curves.
I Keats A. Pullen, Jr., Ballistic Research Labs., 
fiber deen Proving Ground, Md.

■
- • 
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oughing the back of a scope s scale plate makes it 

35/ to identify variables.
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Has more than 3 times 
the life of 6 D-cells

DEPOLARIZER MIX CAKE

POSITIVE CONTACT 
WITH METAL FOIL

METAL FOIL
/ CONDUCTIVE FILM

ZINC ANODE

SEPARATOR

<_______ NEGATIVE
COLLECTOR LEAD

PLASTIC FILM WRAPPER

ENERGY IN A SANDWICH - a new concept in battery design . . . doubles the 
active anode surface ... gives high current, lower voltage required by transistor circuits 
. . . provides volume efficiency unknown to other carbon-zinc cells. And there are no 
side penalties for peak performance. You actually get more hours of power in one-third 
the space at the lowest possible cost!

For new transistorized
• Cordless Radios with up to a year’s service on 

normal listening schedules.
• Pocket Portables use leakproof “Eveready” Ener

gizer No. 2713 for these handy radios, easy battery 
snap-on connection.

• Standard Portables with longer service, fewer 
battery changes, trouble-free listening.

• Electronic Equipment, any transistorized battery-
operated device whose drain approximates 
transistor radios.

This, and other “Eveready” Energizers in this series, 
take one-third less volume than round D-size cells for same service life!

For complete information write for our fully illustrated brochure: Manager, Battery Engineering Dept., 
National Carbon Company, Division of Union Carbide Corporation, 30 East 42nd Street, New York, N. Y.

The terms "Eveready” and "Union Carbide” are registered trade-marks of Union Carbide Corporation
NATIONAL CARBON COMPANY • Division of Union Carbide Corporation • 30 East 42nd Street, New York 17, N.Y.
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GENERAL RADIO COMPANY 
275 Massachusetts Avenue, Cambridge 39, Massachusetts

Over 3-MILLION
Screw Machine Parts 

for one customer ( Name on request. J

. . . reject level of

LESS THAN .0025%!
Our record of low rejects means real savings for you. 
Near-new Brown & Sharpe Automatic Screw Machines, 
manned by skilled set-up men (not operators), assure you 
high quality work! We’re equipped to do the complete 
job...design and make our own cams...small assembly 
work...every detail. Delivery per your schedule.

Mail blueprint for bid or phone.

INLAND AUTOMATIC, INC
Subsidiary INLAND MFG. CO.,

1108 Jackson St., Omaha 2, Nebr., Phone: HArney 1108

IDEAS FOR DESIGN
Low Cost—High Intensity Lighting
High intensity lighting is often required for 

printed-wiring exposure techniques. It is desir
able to avoid arc lamps and photo-floods.

()rdinary 120 v light bulbs can be used if they 
are operated with higher voltage across them. 
They can burn much brighter and still last for 
many hours. For example, with 180 v across 
them they burn three times as bright, and can 
be used for many hours.

A simple method uses any transformer, con
nected as an autotransformer. The secondary 
winding must be able to deliver the required 
load current, IL.

James L. Holcomb, Electronic Eng., Forney 
Mfg. Co., Fort Collins, Colo.

120V 120V (Rated) 
Lamps

Connected as an autotransformer, any transformer 
with adequate secondary windings can supply higher 
voltage to intensify illumination of ordinary light bulbs.

(patent applied for)

TRANS-ELEC 

MINI-LITE 
New Miniature transistorized control panel 

light that mounts in just 30 seconds!
Simply insert this indicator light in a panel-hole, tigh 
the collar nut and plug in the taper pins. It’s completely moun 
and hooked up in 30 seconds ... no soldering needed! Encl 
transistor and 3 resistors can control the NE-2E neon lamp wi 
a 3.0 volt signal. This brand new self-contained display li 
unit is available in a variety of circuits for computers, data 
cessors, signal systems and transistorized automatic con 
devices. Body only in diameter and IK* l®n8- F°r com 
data on the Mini-Lite and other control panel components, write 
or phone WEst 9-6754.

TRANSISTOR ELECTRONIC
C
3359 Republic Ave.

R R T 1 O 
Minneapolis 26,
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LINEMASTER

FOOT

responds to 
pressure from any angle

SMALL.?BUT A^IANFFOR EFFICIENCY!
Lightweight, compact, rugged . . . CADET is Linemaster s 

new "little giant" in foot switches. The slightest fo 
pressure on the actuating cap from any angle puts th 
switch in operation—gives the operator better control 
of work Heavy steel housing and indestructible plastic 
cap, only 3%" diameter, 1high, with non-skid 
sponge rubber base to assure perfect positioning 
always. With heavy-duty 6 ft. rubber cord.
Let us quote on your special switch requirements.

OVER 100,000 PERSONS READ

Designers and Manufacturers of Electronic Equipment and Components

CIRCLE 321 ON READER-SERVICE CARD

CADET
SWITCH

LIHEMASIEH SWITCH CORP.
130 Putnam Road • Woodstock, Conn.

Write today 
for catalog 
and price list

GENERAL. RADIOexperimenter
DO YOU?

Published continuously since 1926, the GR 
Experimenter is the oldest monthly publication in 
the electronics field. Its circulation is the largest 
of all.
It is devoted to the description of new techniques 
in electronic instrumentation and measurement 
and is mailed without charge each month to sci
entists, engineers, technicians, and others inter
ested in keeping abreast of the most recent ad
vances in electronic measurements.
If you would like to join the other 100,000 readers 
check this magazine’s Reader Service Card or write 
us direct giving your name, title and address.

Since 1915, Manufacturers of Precision Electronic Equipment for Science and Industry

Special 
Bolts

Gears

Star 
Wheel»

Shuffles

Machine

Electrical 
Cable 

Holders 

Let Farlite Plastic Laminates 
improve your products too!
All of the parts shown were made of high-pressure plastic lami
nates. In every case the selection of this material substantially 
improved product life and performance ... or made a new 
application possible. A Farlite representative will be glad to 
analyze your requirements. FREE Technical Catalogs available. 
Parts Fabricated by Industrial Plastics Division, Joseph T. Ryerson & Son, Inc.

PLASTICS DIVISION
FARLEY A LOETSCHER MFG. CO.

DUBUQUE, IOWA Ml
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to a wiggly pattern.

CONNECTICUT
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resistor actual size

Model EFB $120 Net

2x10'ohm*

G. CO
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Star 
Wheel»

B 26, Miii
tponents |

Machine 
Tool 
Par»»

To get the details on Kodak Ektron Detector«, write for a 
free booklet to: Military and Special Products Sales,

lami- 
ntially 
j new 
lad to 
ilable.
on, Inc

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

• 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.

• They are available in com
plex and exact arrays and 
mosaics.

2x10,ahm, 2x10’ohm»

NEW HAVEN 9 
du Pont TM.

. tighte 
mount® 
Enclose 
unp wit 
lay ligl 
lata pr 
: conti 

compÜ 
, write

ELECTRO PRODUCTS LABORATORIES 
4501-0 Kwentwead, Chicog« 40, IN., LOngbaach 1-1707 

Conodo. Aflat Radio Ltd., Ttrjnh

• Signal-to-noise ratio is excellent, particularly in the infrared.

• Vibration doesn't affect them.
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Elliptical Spot 
Smothers TV Line Structure

® ELASTIC STOP NUT CORPORATION 
I OF AMERICA

2330 Vauxhall Road, Union, New Jersey 
CIRCLE 324 ON READER-SERVICE CARD

Available at 
better Parts Jobbers everywhere

Send for new detailed Bulletin EFB

IPs called a Kodak Ektron Detector, the photosen
sitive substance is lead sulfide, and it can be laid 

down in any pattern.

New! Super-Filtered DC 
for transistor design work 
Less than 15 millivolts AC ripple up to max. load

DC Power... for precision laboratory and design work
• Dual range — 0-32 volts up to 4 amperes 

0-16 volts up to 8 amperes
• Internal Impedance: 4 ohms at 32 volts 

2 ohms at 16 volts
• Smooth voltage control with continuously variable 

carbon brush-type auto transformer
• Long-life selenium rectifiers—patented heat sink 

cooling

Visible scanning lines on TV viewing screens 
are undesirable, particularly on large screens 
and studio monitors. The latter are usually 
viewed at close range. Most schemes to reduce 
the visibility of these lines added a small am
plitude high frequency signal. Thus the sweep 
trace was changed from a line

This scheme requires many more components 
and adds an rf interference problem.

The ideal solution would use a scanning spot 
whose horizontal dimension is minimized, but 
whose vertical size is equal to the distance be
tween adjacent sweeps. An approximation is 
easily achieved by introducing astigmatism.

By distorting the beam focus field, an elliptical 
spot can be made whose major axis is in the1 
vertical plane. Though this is a compromise1 with 
picture definition, it can reduce the visibility of 
the line structure.

It is an attractive solution because it can be 
incorporated into the electron gun design on 
new tubes, or added to older tubes by proper 
placement of external magnets.

E. B. Gunny, Hughes Aircraft Co., Culver 
City, Calif.

NewTEMR-R-TAPE®C 
.002"thick, 2750 v/m 

pressure sensitive TEFLON* tape 
For -100 F to 500 F applications

TEMP-R-TAPE® C, CH Rs newest pressure-sensitive tape, is mad« of 

ultra-thin, high dielectric, cast Teflon film to which a silicone poly

mer adhesive has been applied. Both pressure sensitive and thermal 

curing, the adhesive sticks well to any surface over a —100 F to 

500°F (~70’C to 260 C) temperature range Providing an easy-to- 

apply, extremely thin, high dielectric insulator (2750 volts mil), 

TEMP-R-TAPE C was designed for and is now being used in the 

manufacture of miniature electronic units to withstand Class H and 

higher temperature requirements. Send for data on TEMP-R-TAPE C 

and CHR's other extreme temperature, electrical and mechanical 
pressure-sensitive tapes.

CONNECTICUT HARD RUBBER

ROupin an be used in place of taper pins, solid straight pins, 
set screws, hinge pins, dowels, clevis pins .. . and in some cases 
as a rivet.
ROUPIN is a slotted, cylindrical spring pin deliberately over
sized in relation to standard production drilled holes . . . com
pressive forces lock it in place. Reaming or secondary safety 
operations such as peening are eliminated.
RO ¡.PIN s easy to install, easy to drive out with a drift pin or 
punch, yet will “stay put’’ indefinitely.
iollpin available for immediate off-the-shelf delivery— 
¡omes in sizes from .062" diameter to .500" in carbon steel, 
stainless steel or beryllium copper.

Lor a free bulletin detailing Rollpin applications and instal- 
ation methods, write to Dept. R-53-757.

Versatile Rollpin
simplifies design, speeds production

microwave

ANTENNA & MICROWAVE

Diamond's handy “short-form'' catalog #958 
contains over 850 standard microwave items —
thoroughly detailed — 
in format for efficiency 

Handsomely printed

7 North Avenue • Wakefield, Mass

on one side. Simpl

■ »rcnsonn

in use.
on coated card stock

Lacquered for extensive use without smudging 
or becoming dirty. Has tab for file folder use — 
is punched for 3-ring binder — lies flat when 
hung on wall, for ready reference.

Send for your free copy today!



When

consider
ARNOUX’s new

sensitivity, miniature

flight testing

designers and manufacturers of precision instrumentation

ARNOUX CORPORATIONARNOUX
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For further 
information 
write for 
Bulletin 505

FRANCHISED STOCKING DISTRIBUTORS

Cambridge, Mass. Electrical Supply 
Jamaica, N.Y. Peerless Radio 
Los Angeles, Cal. Graybar Electric 
Mineola, N.Y. Arrow Electronics 
Minneapolis. Minn. Harry Stark's Inc. 
Now York, N.Y. Electronic Center 
New York, N.Y. Sun Radio 
Oakland, Cal. W. D Brill Co. 
San Jose, Cal. Peninsula TV & Radio 
Utica, N.Y. Valley Electronic Labs

Write TODAY for catalog and price .list 
of the complete MICROTRAN line.

ment subsytems for 
missile and aircraft
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This newest series— TME-1SD and TME-2SD — 
are for use with fast-response, 100-ohm resistance 
temperature transducers to produce a full 5-volt 
output for a span of only 75 F. TME-1SD is a 
single-channel model; TME-2SD, a dual-channel 
model.

HERMETIC (M-H)
High compression glass termi 
nals. Drawn hermetic case I’/g" 
slot mtg. <¥i6" dia.x 17/|6"H. Wt 
1% oz. Baked grey enamel.

I he unit contains a regulated power supply, 
transistor amplifier, and gain and zero controls. 
No additional power source or controls arc needed.

Nominal, overall accuracy is ±2.5 percent 
throughout MIL-E-5272A environmental condi
tions. Power consumption is 26 watts (TME-1SD) 
or 27 watts (TME-2SD), at 28 vdc. Output imped
ance is approximately 10,000 ohms. The bridge 
can be balanced for zero output setting at any tem
perature from -320 F to -I- 250 F. Gain adjust
ment allows full-scale span to be varied. Maximum 
drift over the environmental temperature range is 
±2 percent of full scale.

MIL CASE (M-AG)
Hermetic. Ceramic compress« 
terminals l"xl"xl%"H. Wt 2 
oz. MIL-T-27a Grade 4 rla$$

MOLDED (M-M)
Epoxy cast. Resists enviro 
mental extremes, for plug-i 
printed circuits, .040 pins. % 
x iy3r x %"H wt. iy, oz.

OPEN FRAME (VM-F) 
Veri-miniature size. Resin ir 
pregnation, 4" color code 
leads for dip soldering. 7/u 
'¿"xVuTH Wt.-16oz.

New Endfire Antenna
A new endfire element, the dielectric plate, has 

been experimentally investigated. Endfire arrays 
of these plates have been found to yield gains 
and beamwidths otherwise unattainable in a 
given volume as well as a measure of sidelobe 
control. The plate arrays have the property’ that 
whatever the broadside aperture available it may 
be used to advantage. In this respect they com
bine the characteristics of endfire and of aperture 
antennas. Beamwidths have, in fact, been empiri
cally related to the volume occupied by the ar
ray. Patterns calculated by conventional means 
have shown good agreement with the experimen
tal data. Dielectric Plate Array, A New Endfire 
Antenna, by J. O. Pullman, U.S. Naval Research 
Lab., Jan. 1958, 22 pp, photos, diagrams, graphs, 
$0.75. Order PB 131473 from OTS, U.S. De
partment of Commerce, Washington 25, D.C.

OPEN FRAME (UM-F) 
Ultra-miniature size. Resin im
pregnation, 4" color coded 
leads- for dip soldering x 
"Ai x%' H Wt .08 oz.
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OPEN FRAME TAB MTG 
(M-FPB) i

Miniature size. Resin impreg
nation. 4" color coded vinyl 
leads, iyi6" x 1%4" x WH.
Wt. oz.

Backward-Wave Amplifier
This study was undertaken in an effort to ex

plain gains which were measured in some early 
two-helix traveling-wave tubes when they were 
operated with one helix on the fundamental and 
other helix on the minus one space harmonic. A 
series of measurements and calculations was 
carried out to determine whether asymmetries in 
the tube could be a cause of this apparent cou
pling between the two space harmonics. Tn the 
study of a circumferential non-uniformity, meas
urements were made using a tube with a shut
tered electron gun so that a portion of the 
electron beam could be removed. Also gain ex
pressions were derived and calculations were 
made for a tube with a portion of the beam re
moved. On the basis of these measurements and 
calculations, it is concluded that the interspace 
harmonic gains measured in these earlier tubes 
were principally due to a small misalignment 
of the electron beam and the helix. It was found 
that a misalignment of one or two thousandths 
of an in. in a tube with helices of one-half in. 
diameter, could produce positive gains because 
of the resultant coupling between the forward 
and backward space harmonics. Study of the 
Effect Produced by Asymmetries in the Two- 
Helix Backward-Wave Amplifier, Wilbur H. Wat
son, Calif. University, Div. of Electrical Engi
neering, Electronics Research Lab., Berkely, 
Calif. July 1957, 50 pp, photos, drawings, dia
grams. graphs, $1.25. Order PB 131412 from Of
fice of Technical Service, U. S. Department of 
Commerce, Washington 25, D.C.

11924 WEST WASHINGTON BLVD., LOS ANGELES 6 6, CALIF.

Sales Offices: Los Angeles • Dallas • Great Neck N Y.» Seattle • Bryn Mawr. Pa • Arnprior Ontano Canada

POTTED (M-A)
Aluminum case. Lug terminal 
board, "/u" mtg with 2-56 
screws, dia. x iyie"H. Wt. 
OAoz.____

PLUG-IN (M-P)
Octal plug base. Sealed plas 
housing iy32” dia. x I1 %2' 
Wt- 2 oz.

MINIATUR!
____ TRANSISTO 
TRANSFORMER! 
from stock!

company, ine 
145 E. MINEOLA AVE 
VALLEY STREAM. N'
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Smaller size means a 5% to 15% 
weight saving under conditions where 
excess weight can be costly. Life 
expectancy of 2,000,000 revolutions 
assures long service.

SPACE SAVING
HIGH HEAT RATING 

PRECISION IN MANUFACTURE

TEMPERATURE RANGE 
-55° C to +125 C 
(special applications to 
+ 200° C)

POWER RATING 
1.5, 2.5, 3.5 and 5 watts

HORS

>ly

Inc.

dio

Multiple Taps—Varying number and location, 
according to model.

earing Construction—Ball bearings on all 
standard servo mount types, sleeve bearings 
on standard bushing mount types.

'Onged Assemblies—May be ganged up to any 
reasonable number of sections at the factory 
to desired resistance and phasing.

haft Extensions—Front and rear shaft extension 
supplied to any specified length. Any shaft 
treatment—knurls, flats, etc. are available.

ice list

, ine
A AVE 
M. N V

HOME OFFICE: 712 S. E. Hawthorne Blvd. 
Portland 14, Oregon

O
For further information, write

SBORNE
electronics corp.

13105 S. Crenshaw 
Hawthorne, California
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Electron Tubes in Military Equipment
This technical report presents tube informa

tion primarily from the point of view of the elec
tronic designer as a guide in the application of 
electron tubes. In Part I tube properties are dis
cussed. These are grouped according to ratings, 
characteristics essential in circuit operation, and 
properties detrimental to circuit operation. Part 
II discusses the tube properties in relation to cir
cuit design. It includes a check list for use of the 
circuit designer to insure coverage of all impor
tant design factors. Part III contains numerical 
data and special design considerations for spe
cific tube types. Part IV presents product dis
tribution curves derived from life test records 
where available. The concepts of specification 
control, operation within ratings, and tolerance 
of characteristics are emphasized throughout. 
Supersedes earlier editions (PB 111644 and 
PB 111644 r). Techniques for Application of 
Electron Tubes in Military Equipment, Rex S. 
Whitlock, U. S. Air Force, Air Research and De
velopment Command, Wright Air Development 
Center, Electronic Components Lab., Wright- 
Patterson Air Force Base, Dayton, Ohio. Oct. 
1957, 558 pp, drawings, diagrams, graphs, tables, 
$7.00. Order PB 111644r2 from Office of Tech
nical Service, U. S. Department of Commerce, 
Washington 25, D.C.

New Approaches to Printed Circuitry
Operative capacitors, resistors, and connective 

circuit patterns have been made by vacuum 
evaporation. Improvement of the elements by 
various changes in techniques and materials has 
constituted the principal effort. Mechanical and 
temperature characteristics of electroplated 
ceramic circuit patterns have been studied. 
Samples withstood severe abrasion, temperatures 
as high as 500 C and high electric currents with
out detriment other than normal oxidation. All 
metal screen type stencils were formed by a hot 
dip process and subsequent selective etching. Re
sults show that a stencil of long life, high tem
perature resistance, and special versatility suit
able for printing electronic circuits can be made. 
Trials of usual xerographic techniques in the 
direct formation of metal patterns were unsuc
cessful. An investigation of special surface films 
produced by chemical treatment was begun. Per
forming Research on New Approaches to Printed 
Circuitry. Scientific Report No. 2, by John H. 
Dessauer, Frederick A. Schwertz and others, Ha
loid Co., Rochester, N.Y. Sept. 1956, 32 pp, pho
tos, graphs, tables, microfilm $3.00, photocopy 
$6.30. Order PB 126412 from Library of Con
gress, Washington 25, D.C.

Transistorized Power Supplies 
Turn Claims Into Specs!

super regulated
No derating ever! Specified regulation is valid over the 
entire range of input and load ... 0.1% or 0.01 V.

short circuit proof. •.
An exclusive electronic (no moving parts) circuit 
breaker fully protects transistors against burnout.

remote sensing...
Brings votage regulation to the load where it’s needed. 
Eliminates the effect of voltage drops in power leads.

all popular ranges...
Available in narrow or wide range models. Narrow range 
models cover all standard battery voltages. Wide range 
models start at 0 to 7 volts and are available up to 0 to 
60 volts. Various current ratings up to 15 amperes.

. . . plus all the other features you’d expect in an E/M 
Power Supply: low output impedance (approx. 0.001 
ohm at 1 kc); ripple free (less than .001 volt); negative, 
positive or ungrounded output; front panel calibration 
and null balance controls . . . and the extras too, like 
printed circuitry; removable subassemblies . . . but why 
not get all the facts. Write for Preliminary Bulletin T.

EATONTOWN NEW JERSEY

ELECTRONIC MEASUREMENTS CO., Inc.
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Here is a complete line of »ubmin.ature electrolytics which 

desirable for low voltage D.C. circuits.

PRONG 
UPRIGHT

PRONG 
UPRIGHT

smaller bolometer made from 10 u in.
12 x .045 guide. The three-dimensional

ÄT SUB-MINIATURE

George E. Hambleton, U. S. Signal Corps Engi
neering Labs., Fort Monmouth, N.J. June 1956, 
37 pp, photos, diagrams, graphs, table, $1.00. 
Order PB 131335 from Office of Technical Serv
ice, U. S. Department of Commerce, Washing
ton 25, D.C.

Advantages include: patented construction; hermetically-sealed; immer 
sion proof; excellent life characteristics; low leakage currents; shock 

and vibration-resistant; plus many others.

\ Available in tubular and upright types, as illustrated, ILLINOIS
\ SUB-MINIATURE CONDENSERS are ideal for applications requir- j 
\ ing minimum size and weight. /

\ Write for new, illustrated SMT catalog. /
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Special counter for use on Tape Recorder 
lo indicate the position of tape passing 
through the recorder.

these same modulation demands, which are es
sentially aimed at pulse fidelity in microwave 
pulse reception, the new receiver should give a 
12 db increase in sensitivity over a crystal video 
type. An important step toward receiver minia
turization has been indicated, and additional 
work leading to the design of an optimum r-f 
system is contemplated. Some Aspects of Crystal

High-speed dual bank counter for use 
in navigating instruments. Shutter op
erates to close off either bank when 
in the minus side

physical calculation of diffraction from an eche- 
lette grating is presented, the result at present 
being exact but difficult to apply. Further results 
are also given for the calculations being done on 
a UNIVAC of the optical constants of simple 
crystals. A new method for determining the com
plex index of refraction of solids is also included. 
For lst-5th reports under this Contract see PB 
116645, 116990. 117767, 119237. 123401. Study of 
the Generation and Detection of Electromagnetic 
Waves in the Millimeter Wave Region, Scientific 
Report No. 6 by J. H. Rohrbaugh, New York Uni
versity, Washington Square College of Arts and 
Science, Physics Dept., Dec. 1956, 26 pp, micro
film $2.70, photocopy $4.80. Order PB 126373 
from Library of Congress, Washington 25, D.C.

Calibrations at Microwave Frequencies
Discusses receiver noise factor, principles em

ployed in noise source calibrations, critical pa
rameters and errors, and hot-body noise sources 
and their use as standards. Fundamentals in 
Noise Source Calibrations at Microwave Fre
quencies by J. Edwin Sees, U. S. Naval Research 
Lab., Jan 1958, 24 pp, diagrams, graphs, $0.75 
Order PB 131367 from OTS, U. S. Dept, of Com
merce, Washington 25, D. C.

Electromagnetic Waves
Preliminary, and promising, results are given

'' HERMETIC 
TERMINALS!

on a new. 
wire in .0

Counter assembly component of 
navigating instrument to indicate 

increments of measurement 
k for fast, legible, J 

direct “read-out".

SPECIAL TERMINALS, SAPPHIRE-TO-METAL SEALS 
AND MAGNETRON WELLS AVAILABLE

High alumina ceramic and metal parts are brazed together to form a high- 
strength, long-life, molecular seal.
Stock size» for up to 100 KV-DC operating voltages available for short delivery. 
For complete information, brochure, spec sheets and price lists, write or 
phone: Ceramaseal, Inc., New Lebanon Center, N. Y. West Lebanon 3-5851. 

CERAMASEAL, Inc.

Representatives in Principal Cities 

WRITE FOR LITERATURE

DURANT MANUFACTURING CO.
1993 N. Buffum St. Milwaukee 1, Wil

93 Thurbers Ave., Providence 5, R.l.

High speed, non-reset, direct 
reading counter to indicate 
increment of measurement in 
radar navigation instruments.

Direct reading counter for 
navigating and directional instruments, 

k Unit wheel graduations permit j 
reading of 150,000 

increments per minute

New Microwave Receiver
A new receiver has been investigated and de

scribed in some detail in this report. The prin
cipal advantage is the elimination of the 1-f noise 
which is generated by the input tubes of a video

For RADAR, ELECTRONIC ’ 
and INSTRUMENT APPLICATIONS

■f • 100% leak-tested
High alumina ceramic

• Installation by brazing, 
soldering, or welding

• High resistance to thermal shock 
Pressures to 10,000 psi

Telephone: EVerglade 4-13OO 

CONDENSER COMPANY 
1616 N. Throop Street Chicago 22, Illinois

PHonuciiMi tins 
SINCE 1879 docent Euewwiïf

DURANT
MFG. CO. j



ITREOSir for maximum reliability

BIRTCHER TRANSISTOR CUPS

CHECK WHAT VITREOSIL OFFERS

rh»n

THE BIRTCHER CORPORATION

CHICLE 336 ON READER-SERVICE CARO

GENERALI-ELECTRIC

HOURS

'nt*.

rOmtATK)Hi

umiAifmcTRic

E CARD ■IRr-LE 335 ON READER-SERVICE CARD CIRCLE 337 ON READER-SERVICE CARD
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arder 
Hing

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.

Company___  
Name & Title 
Street______

INDUSTRIAL 
DIVISION

Please send technical data on

4-371 Valley Blvd., 
Los Angeles 32, Calif
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I VITREOSIL

VS . . F

MODEL 8KT_ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ VOLTS—

. MADE IN U $ A
Ml* 203024

MATERIAL
Beryllium #25
FINISH
Choice of Cadmium, 
black Ebanol or 
Silver plated
SIZES
Available in sizes and 
modifications to 
retain all popularly 
used transistors.

Grounded-Grid Amplifier Transfer Function
Contents: I—Introduction; II—The analysis of 

grounded-grid amplifiers; III—The synthesis of 
grounded-grid amplifier transfer functions; IV— 
Design equations and alignment procedure; V— 
The design and performance of a grounded-grid 
amplifier; VI—Conclusions. Analysis and Synthe
sis of Grounded-Grid Amplifier Transfer Func
tions by Warren A. Christopherson, Stanford 
University, Electronics Research Lab., Stanford, 
Calif. May 1952,135 pp. diagrams, graphs, tables, 
microfilm $6.90, photocopy $21.30. Order PB 
126343 from Library of Congress, Washington 
25, D.C.

Maximally Flat Amplifiers
This approach to network synthesis offers a 

relatively simple geometric situation in which 
synthesis is accomplished by arranging points on 
a plane. The two main techniques to be devel
oped are: the explicit visual handling on the 
complex frequency plane of poles and zeroes of 
the network transfer function; and the applica
tion of this visualization to network synthesis 
through mappings of function theory, in conjunc
tion with a striking potential analogy. This 
method is applied to a class of bandpass ampli
fier interstage networks. Maximally Flat Ampli
fiers of Arbitrary Bandwith and Coupling by De
Forest L. Trautman, Stanford University, Elec
tronics Research Lab., Stanford, Calif. Feb. 1952, 
145 pp, diagrams, graphs, table, microfilm $7.20, 
photocopy $22.80. Order PB 126300 from Library 
of Congress, Washington 25, D.C.

1, Wit-
5, Rl.

Radioactive Energy
Newly developed techniques of preparation of 

relatively large area electrode couple sheets from 
the point of view of cleaning the stainless steel 
base, anodizing, and evaporating magnesium on 
one side are described. The advantages of cou
ples made in this manner over welded couples 
are given and a comparison of CPD measure
ments on both types is presented and analyzed. 
A new program of investigating promising insu
lators is discussed in detail. The importance of 
this program is reinforced by experimental evi
dence that the high voltage terminal of battery 
models must be potted. Investigations on Utiliza
tion of Radioactive Energy as A Source of Bat
tery Power, by Alexander Thomas, Tracerlab, 
Inc., Boston, Mass. October 1954, 41 pp, photos, 
graphs, tables, microfilm $3.30, photocopy $7.80. 
Order PB 130243 from Library of Congress, 
Washington 25, D.C.

VITREOSIL fused quartz prod
ucts can be supplied in an un
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
auctor requirements.

I TRANSPARENT VITREOSIL
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec
troscopy and physical, optical 
and electrical research and pro
duction operations. Send specifi
cations for your requirements. 
Please use coupon below.

See our ad in
| Chemical Engineering Catalog

HOLD 
and

COOL 
transistors 

with

fused quartz

MEETS YOUR
CRITICAL
UIREMENTS

Absolute Chemical Purity

Extreme Heat Resistance

Thermal Shock Resistance

Chemical Inertness

Outstanding Electrical Properties

METERLOW-COST G-E TIMENEW CAN BE READ AT A GLANCE

no

ACTUAL 
SIZE

Full-Range Radiant Energy 
Transmission

extra cost

What's

■ exact
are 2 1

THERMAL AMERICAN 
FUSED QUARTZ CO., INC 

18-20 Salem Street, Dover, New Jersr

reading. Your G-E sales engineer can give you all 

the facts. Ask him for bulletin GEA-6710. , 4 ,

. . . because the numbers ( 

more, the new extra digit
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tion until the signal on the second ß
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is fed to a stage which controls ai 
fication through the receiver circuit.

trol grid approximates the potential 
positive source 26. This potential is ah 
at the cut-off potential of amplifier

BRIGHTNESS 
CONTROL

SWEEP 
CIRCUITS

signal pulses are applied to the anode 
as from the sweep circuit genera 
which is coupled into the plate cin

Conduction through the tube genera 
a control voltage which is sufficient 
provide the age potential.

By proper selection of resistor 60 in I 
circuit of control grid 43 the trie 
formed by the cathode, first control £

Combined Automatic Gain Control and 
Synchronizing Signal Separation Circuits

ELECTRONIC DESIGN • July 9, 1?
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and second grid 44 serves as a clip! 
since it transmits the synch pulse 01 
The second grid 44 which is connec 
with potential source 71 functions as 
anode for the triode. The clipped 0 
chronizing pulse of the input signal 
pears across the resistor 70 and is fee 
the sweep circuit generator.

ive c 
As si 
ad R

wn i
Hl. V

signal applied to control grid 45 g 
erates a current through the plate circ 
the magnitude of which is fixed by 
peak value of the video signal. The ti 
normally is in a non-conducting cod

Patent No. 2,810,783. W. J. Gruen. (As
signed to General Electric Company)

A circuit for securing both automatic 
gain control and separation of the syn
chronizing signal from the composite 
signal is shown. Circuits commonly used 
for performing these functions have been 
subject to interference from noise tran
sients. The circuit described makes use 
of this form of keyed A.G.C. systems 
having substantially greater immunity 
from noise. The coupling transformer 11 
feeds the input signal, as from the if 
stage of a television receiver, to the cir
cuit. Diode 14 detects the signal. The 
synchronizing signal developed across 
resistor 17 and condenser 18 is negative, 
requiring phase inversion so that the 
blanking pulse applied to the cathode 27 
of the picture tube 28 is a positive signal 
which will black out the tube. The triode 
19 is used for this purpose.

Substantially the entire signal of am
plifier 19 will appear across resistor 24 
and inductor 25. This signal is coupled 
to a second control grid 45 of tube 40 
through a resistor 80 which provides a 
dc connection. Condenser 81 offers ac 
coupling of the amplifier signal to con
trol grid 43 of tube 40. To obtain a keyed

MAGNETIC AMPLIFIERS INC
I »32 WON AVENUE • NEW YORK 55, N. V. • CYPRESS 2-6*10 

West Coast Division
136 WASHINGTON ST. • El SEGUNDO, CAL. • OREGON 8 2665

through transformer 51. A low pass £ 
is provided in series with second 
winding 50 of transformer 51 for e 
erating a negative age voltage across 
sistor 54 and condenser 56. This sig

aratu: 
auree,

itane 
even 
ch ol

e req
•I I-

ansisi 
e cir

fectn 
noun

: SYNCHRONIZE )r S1S’
OUTPUT old. 1

AGC ected
^“VOLTAGE

INPUT 28V D.C. ± 10%
OUTPUT Nom. 11SV ± 2% 400 CPS ± 0.01% 

1 0 (2- or 3 phase output available)
RATINGS: 30VA 50VA 100 V A 

Higher ratings available.

APPLICATION:
For gyro wheel supplies and where 

precise 400 cycle voltages are re
quired in aircraft, radar and missile 

computers.
FEATURES:

PRECISION OUTPUT FREQUENCY 
RUGGED 

EXCELLENT WAVEFORM 
SIMPLICITY OF CIRCUITRY 

FAST STARTING TIME 
GOOD VOLTAGE REGULATION 

throughout an adjustable range 
ISOLATED CASE DESIGN

HIGH RELIABILITY
VIBRATION ISOLATED 

COMPACT
LIGHTWEIGHT

MILITARY SPECIFICATIONS ..............................
Seed Io. Bullet.n S-064 ' ( - 5' H '

PERFORMANCE SPECIFICATIONS

MODEL 
NUMBERS

± .01% CPS SIS 40311 SIS 40511 SIS 410011
* .05% CPS SIS 40315 SIS 40515 SIS 410015

INPUT VOLTAGE 28V DC + 10%
MAX. OUTPUT POWER 30VA 50VA 100VA

OUTPUT VOLTAGE 115V AC (Adjustable - 10%)

OUTPUT FREQUENCY 400 CPS ± .01 %
400 CPS — .05%

VOLTAGE REGULATION + l% For Lino Variations —2% For Load|Varia1ions
FREQUENCY DISTORTION 3% Maximum At Full Load

LOAD POWER FACTOR 4-0.5 Io - 0.5 Maximum
MILITARY SPECS MIL-E-5400A 1 MIL-E-5272A

AMBIENT TEMPERATURE -55°C io +71 °C when 
mounted to heat sink

VIBRATION TOG 10 io 2000 CPS

UNIT DIMENSIONS 15" 0 2 7/8" 
H 2 13/16"

18" 0 2 7/8" 
H 2 13/16"

LID" D 4 1/2" 
H 2 13/16”

WEIGHT (Approx.) 2 lbs. 3.5 lbs. 5 lbs.
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Micro-miniature units as small as 
.255 inch diameter.
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SOURCE

atent No. 2,820,155. John G. Linvill. 
Assigned to Bell Telephone Labs., Inc.) 
The two terminal signal-operated ap- 

aratns is designed to connect the signal 
urce, or a related source, and a load 
r signals in excess of a specified thresh- 
Id. When the signal source is con- 
cted to the load, the circuit includes
negative impedance adjusted to be 1 
ss than the positive resistance of the 
sociated circuit so that the switch and 

s load together are stable when the 
vitch is closed. At the same time the 
itch furnishes a substantial amount of 
ective gain thereby reducing the 
lount of gain which might otherwise 
required. Negative impedance con- 

rters using vacuum tubes are known 
the art and prior patents have de

loped the theory of transistorized neg- 
ive converters.
As shown, the source 5 connects to the 
ad Rf, through n-type transistor 1 and 
type transistor 2 interconnected
rough “Zener” diodes Di and D2, poled 
opposite senses with respect to the 
nsistor electrodes. The operation of 

e circuit is as follows:
For small applied voltages, the input re- 
tance is very high. The transistors are
evented from carrying current because 
ch of them has in series with it a break- 
wn diode biased in its reverse direc- 
n. When the threshhold voltage, equal 
the sum of the breakdown voltages 
diodes Di and D2, is exceeded, the 
des Di and D2 bearkdown and negli- 
le resistance is present in the cross-

upling paths. The transistors and the 
impedance cross-coupling consti- 

e a negative impedance converter, 
gnitude of the negative impedance 
n at the input terminals of converter
a direct function of the magnitude of 
istances Ry and R2 in series. One re- 
tor R2 is shorted out when diode D3 
aks down and the transient response 

d lability of the switch improves.
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Oscillator

Patent No. 2,829,256. Joseph Kalish. (As
signed to International Telephone & 
Telegraph Corp.)

A triode produces ac at useful power 
level by means of a miniature crystal in 
an oscillating circuit, which is independ
ent of variations in the other circuit ele
ments, supply voltages and output char
acteristics.

In the circuit are shown amplifier tube 
210 connected to the Colpitts-type oscil
latory circuit 11 through the very high 
resistor 11. Crystal 226 operating in the

24 !

/<?
—&

t/7 I

j

2'5
LOAD

-o/V
_J 26

V5 VERY MW 
resisyor

parallel mode forms the inductive 
branch in shunt with condensers 222 and 
224 connected in series.

By using a special cut, the crystal is 
made miniature in size at low frequency. 
Typical circuit parameters are given for 
use in conjunction with one half of a 
type 5670 tube. The crystal dissipation 
is about 30 gw and the output may be 
200 v peak-to-peak operating into a load 
of 100,000 ohms.

Frequency Multiplier

Patent No. 2,816,277. Alwin Hahnel. 
(Assigned to the United States of Amer
ica)

The frequency multiplier may also be 
termed a spectrum generator. The mul
tiplier uses a vacuum tube having in its 
grid circuit an rf generator. There are 
two discrete resonant networks in cir
cuit with the plate of the tube and one 
of these resonant networks is tuned to 
the fundamental frequency. The other 
resonant network is tuned to a pre
scribed multiple of the fundamental fre
quency so that there are prduced respec
tive simultaneous self-excited oscillations 
at the fundamental frequency and at the 
multiple frequency. The initial cycle of 
each of the periodic multiple frequency 
oscillations has the same relative phase.

Get 
LARGE 

INDUCTANCE 
in a 

compact package 
at low cost

• Aladdin inductors are ideal for 
LOW-CURRENT APPLICATIONS, in 
whistle filters, AM-FM tuners, 
audio amplifiers and preamplifiers, 
presence circuits, transistorized 
audio circuits . . . wherever you 
need inductance in a compact 
package.

Magnetic and electrostatically 
shielded units available.

11 standard product lines. Inductances from 10 ph to 1 henry

Characteristics of the 06-series and the 1 8-series Aladdin in
ductors are tabulated below:

06-Series Encapsulated, 
MIL-C-1 53O5A, Grade 1, 
Class 0.
Lengths 11/16" to 1-5/16

1 8-Series: Same as 06-Series 
electrically, but designed for 
lower cost commercial applications. 
Lengths 11/16" to 1-1/16"

Write on your letterhead 
for complete information

Aladdin 
Part Nos.

Inductance 
Millihenries 

±20%

Test 
Volts

Max. DC 
Resistance 

Ohms

Resonant 
Frequency 
Minimum

Current 
(DC ma for 

70% Rated L)

Q 
Min.

Frequency 
for Q Test 
Kilocycles

06-104 18-104 1.0 .005 2.5 2.3MC 50 40 790
06-154 18-154 1.5 .005 3.7 1.9MC 45 40 250
06-224 18-224 2.2 .005 5.4 1.6MC 45 40 250
06-334 18-334 3.3 .005 7.8 1.3MC 36 40 250

06-474 18-474 4.7 .01 12 1.1MC 26 40 250
06-684 18-684 6.8 .01 16 920KC 20 40 250
06-105 18-105 10 .01 11 800KC 13.5 40 250
06-155 18-155 15 .01 14 660KC 11 40 79

06-225 18-225 22 .05 17 550KC 10 40 79
06-335 18-335 33 .05 50 470KC 6.6 40 79
06-475 18-475 47 .05 62 390KC 3.5 40 79
06-685 18-685 68 .05 76 330KC 2.3 40 79

06-106 18-106 100 .05 90 280KC 2.2 40 79
06-156 18-156 150 .10 115 230KC 2.2 40 50
06-226 18-226 220 .10 140 200KC 1.9 40 50
06-336 18-336 330 .10 170 160KC 1.9 40 40

06-476 18-476 470 .5 210 140KC 1.6 40 30
06-686 18-686 680 .5 250 120KC .9 38 30
06-107 18-107 1000 .5 310 95KC .6 35 20

A Division of Aladdin Industries, Inc. 
715 Murfreesboro Road, Nashville 2, Tenn. 
Tarrytown, New York, Pasadena, California
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Huntington Division 
1444 Washington Ave , 
Huntington 4, 
West Virginia
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AD E Lune
SUPPORTS

designed for every application

CLAW’S • BLOCKS • HARNESS STRAPS 

 

for milUhry & industrial systems & equipments

—

SION

They cut maintenance and replacement cost^ 
... performance and reliability far beypm 
specifications of any other Line Support.

zg . CLAMPS provide cushioned, vibration 
absorbing support for cables, tubing 

' and piping. / J

—- BLOCKS provide resilient support for
. multiple grouping of lines to Eliminate

failures. Z ’

HARNESS STRAPS embodyheat and told

above 4-550°F to

For safety, flexibility, d 
ADEL and be certain of 
from products that are

Shatterproof, Clear Plastic Containers
for packaging individual components!

For individual packaging or kits • Wide range 
of sizes *1/5 the weight of glass • Lower ship
ping costs • Can be printed or decorated • Low 
cost • Reusable

Write for complete prices and literature

LERMER PLASTICS, INC.
572 South Avenue, Garwood, N. J.

PIONEERS AND SPECIALISTS IN PLASTIC CONTAINERS SINCE 1919 
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Stable Transistor Oscillator

Patent No. 2,810,073. R. W. Bradmiller. 
(Assigned to Avco Manufacturing Corp.)

The circuit developed compensates for 
variations in voltage supply and tem
perature so that an improvement in the 
frequency stability of the oscillator is 
secured in the ratio of about 20 to 1.

The oscillator shown in the figure uses 
a transistor 1 with an oscillating tank cir
cuit in the circuit of the base electrode. 
The resistor 5 provides the proper poten
tial for the base electrode. Feedback to 
the emitter 2 is accomplished through 
the adjustable condenser 9. Voltage is ap
plied across the series resistors 21 and 22, 
the mid-terminal of which is grounded. 
The positive side of the supply is applied 
to terminal 19 and the negative terminal 
to the terminal 20. Values of resistance 
are chosen so that the proper positive 
potential is applied to the emitter 2 and 
the proper negative potential is applied 
to collector 3. It is necessary that the 
current through the resistors 21 and 22 
be at least as great as the total oscillator 
current to assure a proportional distribu
tion of the supply voltage between emit
ter and collector.

To secure compensation for variations 
in voltage supply the diode 18 is used in 
series with a variable resistor 17 and in 
shunt with the resistors 21 and 22. The 

diode is connected to operate in 
“Zener” breakdown region, in which t 
diode passes current at a minimum su 
ply voltage. If now the supply volta; 
should increase, the effect of which is 
lower the collector potential, volta 
across the diode remains constant. Ci 
rent flow through the diode in ere a: 
and passes through the resistor 31 
raise the potential on the oscillator.! 
adjusting the resistor 17 to give t 
proper current for compensation, t 
potential of the collector electrode i 
mains substantially constant and, hew 
the frequency of oscillation remains cc 
stant. Increase in collector voltage tn 
sistor temperature tends to decree

freq 
bifil 
acta 
seqi 
gibl 
of 
oth(

T
amj 
filar
con: 
stag 
stag 
the 
as t 
latti
pow

When this occurs the diode 18 aga the 
operates to maintain a substantially co for
stant potential across the terminals the
the compensating circuit. The collect put
voltage is thus maintained constant. sipa 

at a

High Fidelity Audio Amplifier

Patent No. 2,825,766. Sidney A. Cord 
man. (Assigned to McIntosh Laborato 
Inc.)

Disclosed is an improved Mclntc 
Amplifier. The required driving po' 
is obtained by cathode followers wh 
have the same ac voltage on their pl

Voli

Patt 
ick, 
Prêt

V 
PV 
con
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electrodes as the cathodes of the output 
stage. The circuit is incorporated into the 
Model MC-60 Power Amplifier which is 
currently manufactured by the Labora
tory. The McIntosh amplifier has negli
gible distortion even at the higher audio 
frequencies since unity coupling in the 
bifilar windings reduces the leakage re
actance of the output transformer. Con
sequently the transient voltage is negli
gible when the current shifts from one 
of the push-pull output tubes to the 
other.

« i>
• 31 
itoi. : 
ive t 
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odt i 
, lu H 
nr c 
ge tn
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8 aga 
illy z 
in. '

The most significant features of the 
amplifier described are the separate bi
filar windings 51-52 and 37-38, and cross- 
connection of the plates in the output 
stage and the cathode follower driver 
stage, tubes 29 and 30. These tubes have 
the same ac voltages in the plate circuits 
as the cathodes of the output stage. The 
latter feature reduces the necessary 
power capacity of the driver stage since 
the power requirement is compensated 
for by the resulting counter balancing of 
the ac voltage on the cathode of the out-

?ollect put stage. In this manner, the power dis- 
ant. sipation in the driver stage is maintained

at a more reasonable value.

Cord Voltage Regulated Power Supply

Put ent No. 2.830,250. Arden H. Freder

g pov 
rs whi 
eir pl

ick. Alfred S. Gano. (Assigned to General 
Precision Laboratory)

\ oltage regulation of a de power sup- 
P y is obtained using a saturable reactor 
connected in series with the ac supply to 

the rectifier. Compared to the series tube 
control circuit, this method is preferred 
since the design is not limited by the 
range of conductance or power capacity 
of the tube. However, the control range 
using a saturable reactor is severely re
stricted unless a condenser input filter is 
used.

A typical circuit is illustrated. The 
half wave rectifier 16 is connected to 
condenser 21 which returns back to the

rectifier through secondary winding 31. 
The amount of current flow in primary 
winding 34 is determined by the voltage 
at terminal 48 since the grid voltage of 
tube 38 is held constant by regulator 43. 
When the voltage at terminal 48 changes 
due to a change in load, the current in 
winding 34 changes in phase and magni
tude. This change is sufficient to change 
the inductance of winding 31 to compen
sate for the change in output voltage. 
Since the transformer is step-down from 
winding 34 to winding 31, triode plate 
resistance if divided by the transformer 
ratio is effectively inserted in series with 
the ac supply to the rectifier. The recti
fier current changes and, as a result, the 
output voltage is stabilized.
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PROVIDED BY

An Important Design

Technical Products Company
6670 Lexington Ave., Los Angeles, 38
INTEGRITY IN INSTRUMENTS SINCE 1932

INSTRUMENT DIVISION

Get full details. Write for new bulletin 
on the TP-625 Wave Analyzer System.

Developed, improved and manufactured by

POWER SPECTRAL DENSITY ANALYSIS 
OF RANDOM WAVES
TP-625 WAVE ANALYZER SYSTEM 
WITH POWER INTEGRATOR

and Environmental Testing 
Tool for Analysis of

Acceleration, „Vibration, 
Pressure/fete.

Integrity in instruments for over a 
quarter-century assures reliability of the 
TP-625 Wave Analyzer System. It provides 
accurate, practical, economical solutions to 
problems in a wide range of applications. 
It determines frequency and amplitude of 
components in a complex wave ranging from 
2 to 25,000 cycles. And, with the TP-633 
Power Integrator, it produces a direct current 
analog output proportional to power spectral 
density. Analog can be made proportional 
to peak level, average value, mean square value, 
as well as continuous time integral — 
linear or square —of the voltages in 
a narrow frequency band.
TRACKS AUTOMATICALLY: Other auxiliary 
equipment includes Servo Drive that allows 
automatic tracking to frequency set by 
speed of equipment being analyzed.

FhEQUENCY
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5
in the Centralab

Radiohm®

ACTUAL SIZE

2X MAGNIFICATION

Ö

WIRE 2- LONG

M

multiple miniature 
variable resistor*

that gives you these 5 exclusive and important advantages
1. LOWER COST: These compact units with superior elec

trical characteristics actually cost less than larger 
units of equivalent rating now on the market.

2. REDUCED SIZE: 1 to 4 variable resistors on a single 
steatite base plate. The 4-resistor unit measures only 
2*4* x %*• Units with fewer resistors are propotion- 
ately smaller.

3. VERSATILITY: Available with horizontal or vertical 
mounting brackets, plug-in terminals for printed cir
cuit boards or wire leads for metal chassis.

4. SUPERIOR KNOB CONSTRUCTION: Unusual knob design 
permits adjustment with an internal or external hex
agon wrench, screwdriver or by fingertip.

5. FLEXIBILITY: Fixed resistors and capacitors can be in
corporated in the Model 5 to make a complete 
operating circuit.

SPECIFICATIONS:
Resistance Range: 1000 ohms to 5 megohms, *35%, 

linear taper
Wattage Rating: Ji watt at 70° C. ambient
Breakdown Voltage: 1250 Volts RMS, between adjacent 

sections and to bracket
Minimum End Resistance: Less than 1%
Rotational Life: 5% change after 250 rotations
Initial Torque: 2 inch ounces average; 50% change after 

250 rotations
Write for Centralab Bulletin EP-539 giving full spe
cifications on the Model 5 Radiohm® series.

ETCHED
POARD ■

19'32

5 12-1

Cenualab/
♦Patent allowed ® Y-5834 J

120

A DIVISION OF 
960G I. KEEFE AVE.

GLOBE-UNION, INC. 
• MILWAUKEE 1, WIS.

In Tanada: 104 Mt. Pleasant Id. • Toronto, Ontario

VARIABLE RESISTORS • PACKAGED ELECTRONIC CIRCUITS • ELECTRONIC SWITCHES 
CERAMIC CAPACITORS • ENGINEERED CERAMICS • SEMI-CONDUCTOR PRODUCTS 
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Electronic Semiconductors

Eberhard Spenke, McGraw-Hill Book 
Co., 330 W. 42nd St., New York 36, N.Y., 
375 pp, $11.00.

A translation of the second edition of 
Elektronische Halbleiter, this book de
velops the subject of semiconductor 
physics in a logical and consistent man
ner from simple concepts. The reader is 
familiarized with the fundamentals of 
semiconductor devices such as rectifiers 
and the various transistor types.

The book specifically features treat
ments of the acceleration of electrons 
and the Zener effects. A chapter covers 
statistics and kinetics of electrons as 
modified by electrostatic potentials.

The first part describes basic theoreti
cal concepts of semiconductors leading 
up to a detailed description of the opera
tion of crystal rectifiers and the physics 
of crystal amplifiers.

Quantum mechanics of the hydrogen 
molecule, the band model, Fermi statis
tics of electrons in a crystal, imperfection 
equilibria, and boundary layers in semi
conductors are considered in the second 
part. The translators have added a sec
tion on junction capacitance and sepa
rate problems for each chapter.

High-Speed Data Processing

C. C. Gotlieb, McGraw-Hill Book Co., 
330 West 42nd St., New York, N.Y. 305 
pp, $9.50.

Important principles and general tech
niques of processing data at high speeds, 
particularly for business purposes, are 
thoroughly outlined in this new book. A 
wide range of subjects, from the method 
of representing information in a proc
essor to advances in automatic program
ming, is covered. This volume shows pre
cisely how data processors work, how 
they are used, and what their advan
tages are.

The book does not confine itself to any 
particular machine but covers data proc

BOOKS
area 1 
] ubli 
1 )esi£ 
t vpla 
desig 
most 
sen ii 
colon 
desig 
can 1 
fornix

essors of all types from all manufac
turers. To focus attention on the funda
mental operational principles of al] 
high-speed data processors, a hypotheti
cal machine is used as a model. This 
model is a synthesis of several existing 
machines and has the full complexity of 
a real machine.

With scores of tables and illustrations, 
the book gives a detailed study of cod
ing and programing, and provides sev
eral helpful examples showing typical 
applications of high-speed data process
ing in the major fields.

The Theory of Networks in Electrical 
Communication and Other Fields

F. E. Bogers, D. Van Nostrand Co., Inc., 
120 Alexander St., Princeton, N. J. 560 
pp, $11.50.

In this comprehensive volume the 
author makes a clear and thorough anal
ysis of the subject. The principles cov
ered in Chapters 1 through 7 are general. 
They provide the background for the 
special approaches associated with the 
transmission lines and communication 
networks, which are developed in Chap
ters 8 through 11; and also for the survey 
of light-current measurements presented 
in Chapter 12.

The Laplace Transform and matrices 
are omitted, but the treatments in Chap
ters 2 and 3, which include the Fourier 
integral and the generalization of net
work solutions respectively, should lead 
smoothly into such specialized studies: 
and suitable references are given.
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Conductance Curve Design Manual Ralph
Keats A. Pullen, John F. Rider Publisher, 
Inc., 116 West 14th St., New York 11 
N. Y. 128 pp, $4.25.

Dr. Pullen is a familiar figure to Elec-

bu-., 4 
S65 p

In I 
ciples

tronic Design readers. He has presented cat ion 
many articles here which describe the presei 
design of specific circuits using conduct- ¡Hi istr 
ance curves. His contributions in this new t
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area have been expanded with the recent 
publication of the Conductance Curve 
Design Manual. This authoritive book 
t Aplains the use of these curves in circuit 
design and provides more than 70 of the 
most representative curves used in all 
services. With the aid of these two- 
colored, full-page, clearly drawn graphs, 
design using small signals parameters 
can be used to predict large signal per- 
formance. A set of tables useful in mak
ing tube substitutions, and tables to sim
plify the selection of tubes for given 
applications have also been included.
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Proceedings of the 1958 Electronic Com
ponents Conference

Engineering Publishers, Div. of the AC 
Book Co., Inc., GPO Box 1151, New 
York 1, N.Y. 222 pp, $6.00.

Contained within this hard cover vol
ume are the papers presented at the 
1958 Electronic Components Conference. 
The technology advanced represents 
generally the designs, developments, 
production, and applications of elec
tronic component parts in evidence to
day. Included for discussion are the 
latest developments in resistors, capaci
tors, and dielectrics; transistors and 
solid-state devices; electron tubes and 
their applications; economic aspects of 
component reliability; application aspects 
of component reliability, and progress 
with materials.

I'he lx)ok was published prior to the 
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The

conference representing the 25 
chosen by the Program Commit

theme for this conference was
Reliable Application of Component 
Parts. 1 he material presented shows 
evidence where reliability is actually 
being applied as a prime design consid
eration in component part specification, 
application, and ultimate use.

Motion and Time Study

Ralph M. Barnes, John Wiley & Sons, 
shef,!^-, 440 Fourth Ave., New York 16, N.Y. 

 

t pp, $9.25.

In this revised edition, the basic prin- 
SLEC-Jiples that underlie the successful appli-
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al ion of motion and time study are 
resented. Each is supplemented with 

illustrations and practical examples. Five 
ew chapters deal with: motion study, 

mechanization, and automation; mechan
ized time study and electronic data 
processing; systems of motion-time data; 
work sampling; evaluating and control
ling factors other than labor; and multi
factor wage incentive plans.

The book includes new material on 
developments in the industrial use of 
pulse rate as an index of physical activ
ity. All known systems of motion data 
are outlined and four of these systems 
are described in detail, including com
plete tables of motion-time data for each.

Introduction to Electromagnetic 
Engineering

Roger F. Harrington, McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New York 
36, N.Y., 312 pp, $8.00.

Fields theory is introduced as an ex
tension of circuit theory, with Maxwell’s 
equations obtained early in the text. 
These equations are then specialized to 
the static case, and considerable time is 
spent on static field theory. An introduc
tion to the study of time-varying field 
theory’ is given in the last chapter. The 
theory of vector analysis is developed as 
needed. The mksc systems of units is em
ployed throughout. An analytical ap
proach to the theory has been empha
sized. This text was designed for the 
introductory study of electromagnetic 
theory at the junior, senior, or first-year 
graduate level.

Zone Melting

William G. Pfann, John Wiley Sons, 
Inc., 440 Fourth Ave., New York 16, N.Y., 
236 pp, $7.50.

This first book on the subject includes 
all the information needed to plan a zone 
melting process or to decide whether one 
is feasible. It covers both theory and 
practice and spells out potentialities of 
crystallization as yet unexploited.

Among the features: a comprehensive 
description of how to build and operate 
zone refineries; a complete set of com
puted zone-refining curves showing im
purity concentrations throughout an 
ingot as a function of the number of 
passes; a discussion of the largely unex
ploited continuous multistage tech
niques; extensive coverage of solidifica
tion methods for growing and controlling 
properties of semiconducting crystals.



MEASURE DC VOLTAGES 
ACCURATELY

MILL VAC

MID-ZERO OPERATION
(0-250 uV lo 0-2 5 mV)

LEFT ZERO OPERATION
(0-10 mV lo 0-1 KV)

Permanent zero on all 
left-zero ranges, from 10 
mV up, eliminates need 
for zero-setting and zero
drifts. Maximum scale 
length facilitates mea
surement of the larger 
voltages in power sup
plies, plate or screen 
potentials, etc.

Used as a null detector, 
♦ his sensitive DC volt
meter is fully polarized, 
reading positive voltages 
upscale and negative vol
tages downscale. Easy 
balancing of bridges or 
standard - cell • potenti
ometers.

STABLE
ACCURATE (2%)
POLARIZED

MODEL MV-27D
POLARIZED DC —VTVM

MILLIVAC
INSTRUMENTS

Division of Cohu Electronics, Inc.
BOX 997 SCHENECTADY, N. Y.

TOMORROW IS OUR YESTERDAY
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Capable Transistor 
Transformer design

is simple at ADC. The problems are no 
different than those for vacuum tube circuits. And
ADC has been solving these design problems for 22 years.

The transformer shown below at right, was ADC de
signed as an experimental output transformer for use by 
Minneapolis Honeywell with their H200E Power Tetrode. 
This transformer is capable of delivering up to 20 watts with 
low distortion through the frequency range of 20 to 20,000 
cycles. A typical application is pictured below in the class A 
amplifier circuit.

The tiny transistor trans-
formers such as those 
illustrated at the right are 
for low power applications. 
Introduction of new, low 
distortion, power transis
tors has required larger 
transformers, especially 
for operation at low fre-
quency. While these may
be new to transistor circuits, the design problems and solu
tions are identical with those of vacuum tube circuitry.

Whether you are interested in transformers for use with
transistors or vacuum tubes, it will be to your advantage to 
come to a firm with the design experience of a pioneer 
like ADC.

ADC CATALOG



RUSSIAN TRANSLATIONS

What The Russians 

Are Writing

J. George Adashko

Drawing by Frueh, © 1958 The New Yorker Magazine, Ine.
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INFORMATION THEORY
On the Probability of n-Coincidences by 
A R Livshitz. REE 8/57, pp 947-950, 3 

figs.
Statistical discussion of the problem of 

determining the probability of coinci
dence of pulses in n-pulse random se
quences. Equations are derived for the 
probability of coincidence and for the 
average duration of coincidence for 
equal and different duration of pulses 

I contained in the pulse sequences. Refer- 
lence is made to “Theoretical Aspects of 
I Asynchronous Multiplexing” by W. D. 
■ White, Proceedings IRE, Vol. 38, No. 3, 

pp 270-275.
I #

I Estimate of the Parameters of the Dis- 
I fribution of a Random Function at Lim- 
I ited a Priori Data by Yu. P. Leonov and 
IL. A. Tel’ksnis. AT 11/57, pp 984-998, 
16 figs.
I The authors show that reducing the 
1« priori data concerning the parameters 
I whose estimate is being sought can be 
■ effected if one can verify the correctness 
■of certain hypotheses concerning these 
■ parameters. Reference is made to a large 
I number of standard American works on 

3 I prediction and statistical approaches to 
I information theory.

From Mechanical Relays to Synchronous 
Static Detectors by A. A. Pirogov. EC 
11/57, pp 6-16, 2 figs.

Although this is essentially devoted to 
the development of information theory 
in the U.S.S.R., it does have a detailed 
description of Kotel’nikov’s maximum in
terference-immunity theory. This has re
ceived a lot of publicity in recent times. 
The article also discusses efforts of So
viet scientists to overcome certain sub
stantial informational defects of present
ida} communication systems.

Inc.

Correlation Function and Energy Spec- 
trurn of Speech Signals that are Strongly 
Limited in Amplitude by Yu. G. Rostov
tsev. EC 12/57, pp 45-49, 5 figs.

t he author calculates the correlation
Function and the energy spectrum of 

ech signals that are limited (above 
p 50 db) so as to have the signal acquire 

rectangular form. The jumps take place 
at the instant when the values of the 
speech signal are zero. The sensible in
formation is carried by the zero points 
of the signal.

Principal Problems in the Theory of 
Signals and Tasks in Its Further Develop
ment on the Basis of a New Stochastic 
Model by N. A. Zheleznov. RE 11/57, 
pp 3-12, 1 fig.

Assuming the spectrum is limited, in 
the analysis of a basic model for a mod
ern theory of signals, leads to a com
plete statistical breakdown of the signal 
and leads to the impossibility of forming 
these signals in physically realizable sys
tems. The limited nature of the signal 
concept excludes all types of radio sig
nals. A new stochastic model, which re
tains the principal properties of real sig
nals, is proposed. Refers to the standard 
articles by Shannon, Paley, Wiener and 
Middleton.

Optimum Regulation of Parameters of a 
Radio Line by S. I. Samoylenko. EC 
12/57, pp 3-8, 2 figs.

To increase the amount of information 
transmitted per unit time under varying 
transmission conditions, it is possible to 
employ optimum regulation of the pa
rameters of the radio line, the optimum 
depending on the transmission condi
tions. A procedure is examined for con
structing optimum-regulation systems in 
the case of continuous and binary-coded 
signals. The method is illustrated by an 
example of optimum regulation of the 
amplitude threshold level in the trans
mission of communication coded with a 
binary code. Reference is made to an 
article by R. A. Silverman, Transactions 
IRE, IT-1, No. 3,1955.

CIRCUITS
Procedure for Calculating the Optimum 
Parameters of DC Bridge Measuring Cir
cuits by E. A. Yakubaytis. Izvestiya (Bul
letin), Academy of Sciences, Latvian SSR, 
6/57, pp 95-109.

A procedure is given for choosing the 
optimum parameters of a measurement 
dc bridge circuit operating with an input 
from an amplifier having a control
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FIRST 920 Channel Single Conversion 

VHF Mobile Receiver Uses

HYCON EASTERN CRYSTAL FILTER

VHF, 920 Channels, fully tran
sistorized Radio Receiver by Avco 
Mfg. Corp., Crosley Division

Hycon Eastern 11.5 Me Crystal 
Filters Measure 2” x l’/j" x %"

Bandwidth at 6 db attenuation: 33 Kc

Bandwidth at 60 db attenuation: 60 Kc

Insertion Loss: 4 db

Ultimate attenuation: 80 db

Mobile communications for today’s fast moving military 
operations require equipment which is rugged, compact, highly 
accurate and dependable. Filling this need is the Avco-Crosley, 
fully transistorized, 920 channel, mobile VHF-FM Radio 
Receiver incorporating a Hycon Eastern 11.5 Me Crystal Filter 
and matching Discriminator.

The use of only one frequency conversion provides excel
lent image rejection in combination with high adjacent channel 
selectivity. By eliminating multiple conversions, cross modula
tion and receiver desensitization are reduced even in the the 
presence of strong interference from any of the other 920 
channels.

High Frequency Crystal Filters for mobile applications 
offer the advantages of small size, freedom from microphonie 
behavior, and ability to maintain their characteristics throughout 
the entire temperature range of — 60°C to + 90°C. Hermetically 
sealed, no realignment or readjustment is ever required.

There are Hycon Eastern Crystal Filters designed to solve 
selectivity problems in AM or FM receivers and SSB trans
mitters, whether fixed or mobile. Hycon Eastern engineers can 
assist you in choosing filter characteristics best suited to your 
needs. Write for Crystal Filter Bulletin.

HYCON EASTERN, INC.
Igl 75 Cambridge Parkway Dept. F Cambridge 42, Mats.
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the reliability
you've been waiting for!

This latest Dressen-Barnes power supply is fully transistorized, functioning 
without vacuum tubes or magnetic amplifiers. Its circuitry* provides superb 
regulation, and a high degree of freedom from spikes and transients. Unit 
is short-circuit proof, and the output is double fused to protect the tran
sistors against damage.
TOP COOLING EFFICIENCY - the forced-air cooling system intake is located 
on the panel, where it draws an air supply more than adequate to cool the 
transistors.
NO DERATING for continuous operation — the output range is 0.5-36 VDC at 
15 amps, with full current available down to 0.5 volts. Extremely low ripple 
. .. all components conservatively rated for long, trouble-free operation. 
Sold under a one-year guarantee and competitively priced, this power supply 
offers outstanding value. Write for Bulletin on Model 62-121.

• patent applied for

dressen-Barn.es
DRESSEN-BARNES CORP. • 250 North Vinedo Avenue, Pasadena, Calif. 
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for all SEMI-CONDUCTORS...

ANCHOR . FIRST to pioneer the development of solder 
metals & alloys for the semi-conductor field. Made from 
indium, indium-gallium, indium-gold, indium-tin, indium
lead, gold-antimony, gold-gallium, tin, tin-antimony, tin
lead, tin-arsenic, lead-antimony, lead-arsenic, aluminum, 
aluminum-tin, platinum, and others. From "stock' or to 
your specification.

Send us your problem — our engineers are glad to 
help you. Fill in the coupon.

• ANCHOR Metal Co., Inc.

made of ULTRA- 
HIGH PURITY 
metals & alloys to 
99.999% and of 
regular Grade A 
metals & alloys

ANCHOR Metal Co., Inc. ED-7
966 Meeker Ave., Brooklyn 22, N.Y.
□ Send FREE literature on your 

solder microform» for semi
conductors.

□ Have your representative call 
for an appointment.

Name_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Firm

Address_ _ _ _ _ _ _ _

City _________

Zone State.
966 Meeker Aro^ Brooklyn 22, N, T.
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RUSSIAN TRANSLATIONS
winding (magnetic dynamoelectric, carbon pile, 
etc.) The nonlinear bridge elements used in this 
article are barreters, but the procedure described 
can be readily extended to include other bridge 
circuits with nonlinear elements, whose charac
teristics lend themselves to piecewise-linear ap
proximation.

Synthesis of Networks with Lumped Elements, 
Which Reproduce the Properties of Networks 
with Distributed Constants by N. S. Kochanov. 
RE 11/57, pp 72-78, 6 figs.

Considers the problem of representing several 
irrational and transcendental functions, and ex
pressing the input impedance of a long line, with 
the aid of continuous fractions. It is shown pos
sible to synthesize two and four-terminal net
works with lumped elements, simulating the 
properties of long lines both with respect to the 
input impedance and the propagation constant.

Certain Problems in the Theory of Microwave 
Tetrode Oscillators by V. 5. Mikhaylov. RE 12/57, 
pp 3-9, 6 figs.

The author considers the electronic phenomena 
that take place in the screen grid—anode region 
of a planar tetrode. He derives formulas for the 
efficiency of the microwave tetrode oscillator 
used either for power amplification or for fre
quency multiplication. Equations are derived for 
the motion of the electrons and for the coefficient 
of energy utilization of a single electron.

Simplified Design Method for a Transistor Ampli
fier Stage by A. A. Sokolov. AT 12/57, pp 1139- 
1141, 1 fig, 3 tables.

In this simplified procedure the transistor 
equivalent circuit is taken to be an active four- 
terminal network, thus leading to rather simple 
design equations.

zero common mode • low level 
drift free • broadband • high reliability 

all transistor
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KEY
The sources of the Russian articles and 

their dates of issue follow the authors' names. 
Here is the key to the names of the journals 
in which the articles originally appeared.
AT Automation and Telemechanics (Avtomatika i

Telemekhanika)
CJ Communications Journal (Vestnik Svyazi)
EC Electrical Communications (Elektrosvyaz')
IET Instruments and Experimental Techniques 

(Pribori i Teknika Eksperimenta)
R Radio
RE Radio Engineering (Radiotekhnika)
REE Radio Engineering and Electronics (Radiotekh

nika i Elekfronika)

used in missile—aircraft 
telemetry systems to amplify 
low level signals...

Suitable for use with currently available 
commutators, and easily adaptable to tele
metering systems presently being specified.

SPECIFICATIONS
Input Voltage: 100 microvolts 

to 500 millivolts
Input Impedance: 50K to 500K 

(a function of frequency)
Gain: 1 to 400
Frequency Response: D.C to 25kc
Linearity: .5% to 1%
Common mode voltage: Zero
Zero Drift: (with time) .0005% 

at normal ambient; .002% over 
the temp, range -55°C to 85°C

Power Requirement: 28v D.C 
.75 watts (Max.)

Temperature: -55°C to 85°C

Vibration, Acceleration, Shock, Humidity, 
Altitude: in accordance with standard
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missile -aircraft specifications.
Send for literature
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PRESSURE TRANSDUCERS

THE RELIABLE

HEART

OF PROCESS

•w

Má

odel IPG60 
ess u re 
aisducers are 
lecified for the 
ickman 112 Data 
ocessing 
imputer.

Model IPG6O 
pressure 
transducers are 
suitable for a 
variety of 
applications.

The evolution of industry toward 
automation has created a demand 

C for precision data handling systems 
such as the Beckman 112 Data Proc
essing Computer. Statham Model 
IPG60 pressure transducers are 
specified in this system, providing 
basic information signals which are 
accurate within Complete

h data on the Model IPG60, or infor-
d mat ion on other Statham instru

ments, are available upon request.

ARD

ANGE. 0 to +15 psig
ASSURE MEDIA: Non-corrosive fluids
JTPUT: Approximately 35 mv. full scale at
IV excitation
ON LINEARITY & HYSTERESIS: Not more than 
0-25% of full scale

ATHAM INSTRUMENTS, INC. of Puerto Rico
254 Carpenter Rd., Hato Rey, Puerto Rico 

Cable Address: STATRICO
A SUBSIDIARY OF STATHAM INSTRUMENTS, INC.

12 .01 w Olympic Blvd., Los Angeles. California 
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Fig. 1. Typical ladder networks used frequently in 
vacuum tube oscillators for feedback.

Improving the Parameters of RC Ladder Net
works by I. A. Zakhariya. RE 11/57, pp 66-71, 
7 figs.

This article analyzes improvement in the prop
erties of ladder RC circuits by bridging. Com
parative graphs are given for a three-element and 
four-element network with parallel resistances. 
Formulas are derived for the characteristics of 
the three-element RC circuit for changes in in
dividual resistance and progressive changes in 
the circuit elements. The basic networks are 
shown in Fig. 1.

Increasing the Useful Power of a Tuned Semi
conductor Amplifier by Increasing Its Efficiency. 
Part I by L. S. Berman. RE 11 /57, pp 62-65, 3 
figs, 2 tables.

Since there are no practical limitations to the 
emission current in transistors, the useful power 
is limited principally by the maximum heat dis
sipation. By increasing the efficiency of a tuned 
semiconductor amplifier with an additional tuned 
circuit to filter the third harmonic, it is possible 
to double the useful power compared with the 
usual circuit, using equal dissipation in both 
cases.

TRANSLATIONS AVAILABLE

Electronic Design is gratified to learn of 
the growing availability of full translations of 
important Russian electronics journals.

Consultants Bureau, Inc. of 227 W. 17th 
St., New York 11, N.Y. translates Automation 
and Telemechanics regularly.

Pergamon Press of 122 E. 55th St., New 
York 22, N.Y. is preparing translations of Radio 
Engineering, Radio Engineering and Elec
tronics, and Electrical Communications.

Readers interested in specific Russian jour
nals can obtain more information by writing 
directly to one of these publishers.
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VIBRATION

COLD

Writ» fot 1958 

Kay Catalog

HARD WORK LL' m'tIE HEAf

• Fast Switching to Check Points 
(Vi Power, etc.) at Any Pre-Set 
Reference Level

• 0-101 db in 1 db Steps from Single 
Unit

• Choice of 50, 70, or 90 Ohm 
Impedance

KAV
Attenuators

• Ruggedized High Frequency 
Switches—Solid Silver Contacts in 
Teflon for Low Insertion Loss

• 1 % Carbon Film Resistors— 
Highly Accurate and Stable

SPECIFICATIONS

Model 20 21 22 200 21 0 220 300 31-0 320
Cat No 430A 440-A 450-A 431 A 441 A 451 A 432 B 442B 452 B

*in *out 50 ohms 
nom.

70 ohms 
nom

90 ohms 
nom.

50 ohms 
nom

70 ohms 
nom.

90 ohms 
nom

50 ohms 
nom.

70 ohms 
nom

90 ohms 
nom.

Max. Power 1 » Witt

Insertion Loss 10 db zero db at low freq; 
approx, u 1 db at 250 me approx 0 2 db. 250 500 me

DB Switched 41 db in b steps 101 db in 9 steps

Steps 20 db. 10 db. 5 db. 3 db. 2 db. 1 db 20 db. 20 db 20 db. 20 db.
10 db 5 db. 3 db. 2 db i db

Frequency Range DC tn 500 me (useful to 1000 me)

Accuracy uf 
Attenuation

1.0 db max at 500 me 1-5 db max at 500 me
0.5 db max at 250 me | 0.75 db max at 250 me

Better accuracy at lower frequencies

Connectors BNC type UG 185/U

Dimensions 2" x 7W x 21/s" 2" x 9W x 2W'

Weight 2 lbs. 3 lbs.

Price $65 $60 $95

All price, f.o.b factory.
ON SPECIAL ORDER: 0.5 db steps and your choice of insertion loss, attenuation 

range, and impedance rating.

Dept. ED-Z MAPLE AVE., PINE MOOK, N.J. CApital 6-4000

CIRCLE 352 ON READER-SERVICE CARD

SAGE pioneered the metal-clad, chassis
mounted resistor. Truly miniature for the 
job it does, the Type “M” is establishing a 
reputation for dependable, trouble-free 
performance—a tribute to SAGE engineer
ing skill and manufacturing “know-how.”
We invite your inquiry regarding heat-sink ap
plications . . . Write tor complete specifications.

MOMENTARY 

OVERLOAD

DIELECTRIC 

VOLTAGE

NEW SAGE “Silicohm” 
TYPE "M", METAL-CLAD 

RESISTORS
Available in 25 and 50 watts 
up to 60,000 ohms. Meet 
MIL-R-18546 requirements.

SAGE ELECTRONICS CORPORATION

30H North Goodman St., Rochester 7, N. Y

CIRCLE 353 ON READER-SERVICE CARD
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At Spectronic Plating Company 

there are many case histories 
that show how imagination and 
ingenuity have been used to 
solve unique plating problems. 

If you have a component or a 

product that requires precious 
metal plating, why not contact 
us? You may end up with a 
better product, fewer headaches, 
and reduced costs...

SPECTRONIC PLATING CO., INC.
652 Hudson Street • New York 14, N.Y.

CIRCLE 354 ON READER-SERVICE CARD

m

Avenue

Chicago 1*, 

Write for further information

Also Manufacturers of
GLASSCAP TUBULAR 
GLASS CAPACITORS

PULSE 
FORMING 
NETWORKS

rw
HIGH VOLTAGE 
POWER SUPPLIES

DC Filler

.110.0 100-1 000 90*C lo 
d 85’C

Integrator, Timing 
Analog Computer 

Circuits

007 2 0
I 000 20,000 
.00 15,000V 

Pulse

ni 12.0 Ó00V 30,000V — 60*C lo 
I 85”C

60*C to 
‘ 75’C

Pulse Forming 
Networks. 

RF Coupling & Bypass 
Pulse Coupling 

& Despiking

.002 5
4.000VDC 18KV 

3,500V Pulse- 
15KV Pulse

DC Filter

60*C lo 
d 200"C

Pulse Forming 
Networks, 

RF Coupling & Bypass, 
Pulse Coupling 

& Despiking

.002-5 7.500 30,000
60eC to 

* 200-C

■ . ■ , . / , ■ ■; • « «* z' " > ' ' ' ‘

HIGH VOLTAGE type CP70

capacitors
“ -------------- -- ------------ - --------.J

j

and our complete catalog

CIRCLE 355 ON READER-SERVICE CARD
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RUSSIAN TRANSLATIONS
Calculations for Grounded Grid Oscillators by 
Ye. P. Korchagina and G. M. Utkin. RE 11/57, 
pp 29-38, 14 figs.

Discusses the choice of the optimum operating 
modes for amplifiers and frequency multipliers 
with grounded grids. If the resonant impedance 
of the tank circuit is limited, the energy relations 
in the plate circuit must take into account the 
power consumed by the preceding state of the 
transmitter. Recommendations are given concern
ing the choice of the cutoff angle and the ampli
tude of the plate-current pulse in amplifiers and 
frequency multipliers with allowance for the 
power gain of the stage.

Transients in a High Frequency Amplifier- 
Detector System by L. S. Gutkin and O. S. Chent- 
sova. RE 11/57, pp 50-61, 19 figs.

A preceding article by the same authors 
(Radiotekhnika, April 1957) showed that the 
analysis of transients in a system comprising a 
high frequency amplifier and a strong signal 
diode detector is carried out more simply and 
obviously by using a low-frequency equivalent. 
In this article the method proposed is applied to 
the analysis of transients in the most widely used 
detector circuits (tuned resonant circuit, un
tuned resonant circuit, two coupled circuits).

Square-Law Detection with Aid of a Semiconduc
tor by O. V. Sorokin. REE 10/57, pp 1293-1294, 
3 figs.

This is a continuation of the subject discussed 
by the author previously in the May 1957 issue 
of Radiotekhnika i Elektronika, p 664.

Use of Nonlinear Feedback to Eliminate Satura
tion of Transistors in Pulse Circuits by B. N. 
Kononov. REE 10/57, pp 1253-1260, 9 figs.

A method is proposed to eliminate saturation in 
junction transistors and the associated delays in 
the pulse circuits with nonlinear feedback. Two 
ways to design these circuits are shown. In addi
tion to eliminating delay, nonlinear feedback ex
tends the limits of permissible dispersion of tran
sistor current gain. This makes it possible to use 
transistors whose gain ranges from a certain mini
mum to infinity without a change in circuit pa
rameters. Refers to work by Ebers & Moll (Pro
ceedings IRE, 1954, Vol. 42, Page 1761), Moll 
(Proceedings IRE, 1954, Vol. 42, Page 1773), 
Cooke-Yarborough (Journal of Electronics, 1956, 
Vol. 1, Page 539), Bothwell & Booth (Transac
tions IRE, 1956, EC-5, Page 132) and Prom & 
Crosby (Transactions IRE, 1956, EC-5, 4, Page 
192).

Semiconductor DC Transformer by G. S. Tsykin. 
RE 12/57, pp 56-62, 8 figs.

The article discusses several methods for trans-

For easily-installed, 
reliable line voltage 
regulation, use Sola

■r y 
f
L

f«

Five constant voltage 
transformer types answer 

most stabilizing needs

1. Standard Constant Voltage 
Transformers can be built into youi 
equipment or added as an accessory 
(see Hurletron printing register con 
trol, above). The static-magnetic Sola 
regulator stabilizes output volta.e 
within ±1% with input variations up 
to ±15% ... automatic... continuous 
... no maintenance ... no tubes . . 
response within 15 cycles.

am
spa 
in^

2. Harmonic-Free*
Line voltage regulation of ±12 
with less than 3% total rms har 
monic content, regardless of input 
fluctuations as great as ±152

3. Filament*
Regulated ±1%, 6.3 volt outpu 
for operating large numbers o 
electron tube filaments . . . stod 
units for outputs up to 25 amps

4. Plate-Filament*
Regulated ±3%. Plate and fila
ment windings are combined ot 
a single, compact core for chas 
sis mounting. Typical ratings

5. Adjustable Output 
Adjustable from 0-130v ... 
less than 3% harmonics .. 
output regulated ±1% will 
input variations to ±152

* Stock or custom designs

Send for circular 316-CV-170.
Sola Electric Co., 4633 W. 16th St., Chicago 50, W

Constan» Voltage Transform «rs 
Regulates DC Power Supples 
Mercuri Lamp Transforme $ 
Fluorescent Lamp Balla

CIRCLE 356 ON READER-SERVICE CARD
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HUNTER

1958

MH J66 "Hunter 
Engine Heaters"

1 GET 
THESE

BROCHURES
TODAY! A

MH-162 "Hunter Space 
and Personnel Heaters"

for mobile 
and portable 

military shelters

forming de at one voltage into de at another 
voltage, at power ratings which can supply vac
uum tube equipment. A semiconductor keying 
power amplifier is proposed, controlled by a mas
ter oscillator. The fundamental properties of the 
design are given. See Figs. 2-5.

Fig. 2. Basic de to de transformer using a transistor to 
generate nearly rectangular pulses and diodes to rec

tify them.

Fig. 3. Full wave version of the same scheme.age 
youi 
ssorj
con
Sola 
Ita e 

is up 
LUOUS

• designed and produced tn accord
ance with military specifications for 
space, equipment and personnel heat
ing requirements.
• 5 basic models — each custom- 
engineered for a wide variety of 
applications — for ground control 
and maintenance equipment in mis
sile systems, radar, microwave and 
radio communication systems, etc.
• BTU/Hour range: from 15,000 to 
60,000.
• multi-fuel-burning models; also 
models which burn any type gasoline.
• all models air-circulating, thermo
statically controlled, all designed for 
cold starts as low as — 65°F.
Other Hunter equipment for military 
applications: engine heaters; unpou'- 
< red, instant lighting torches; refrig
eration units.

Fig. 4. The circuits of Figs. 2 and 3 have the short
coming that the frequency and waveform of the self
excited oscillations vary with the load and with the 
supply voltage. A better semiconductor de transformer 
would be the one shown here. It includes a master 
oscillator with rectangular waveform, a power ampli
fier, a semiconductor rectifier, a filter, the load, and the 

de power source whose voltage is to be transformed. 
Theoretically its efficiency may reach 90 to 95 per cent.

for complete 
specifications 
and details

Fig. 5. Waveforms in the circuit of Fig. 4. 1—emitter 
current, 2—collector current, 3—input to rectifier, 4— 

current to filter, 6—output current.
(continued on following page)

MH-167 "Hunter 
Instant Lighting 

Torches"

MANUFACTURING CO. 
30539 AURORA RD. 
SOLON, OHIO

HEATING AND REFRIGERATION SYSTEMS 

CIRCLE 357 ON READER-SERVICE CARD
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UNDER ARMY-NAVY STANDARDSAPPROVED

TcDAYl

Chesterland 17 
CIRCLE 358 ON READER-SERVICE CARD

kthe size..^the cost!

ELECTRONIC VOLTMETERS
Panel-mounted, single and multi-range

FROM VS to V4 smaller than conven
tional units, these M ETRON IX 
instruments occupy no more panel 

space than the meter.
METRONIX AC and DC models 

are the smallest available with such a 
ide choice of ranges. Single-range, mili

tary, rack-mounted and plug-in types
Ask for Bulletin M-602

MODEL 300 D. C. (illustrated)
RANGES 0-1/3/10/30/100/300/1000 

volts D. C.

ACCURACY: ±3%, full scale deflection

INPUT RESISTANCE: 10 megohms

PRICE: $94.50

O c V(XJ.

A SUBSIDIARY OF

IDE F
PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE!

Here's a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yet allow quick removal for 
inspection or repair. Instant snap action en
gages or releases fastener ... no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re
peated use.

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied.

WRITE F

201 E. SIXTH STREET DAYTON, OHIO 

CIRCLE 359 ON READER-SERVICE CARD
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Meet the industry's top efficiency team...
Augat's complete 

line of Component 

Cradles and Clips

Here’s positive, lasting 
protection against ex
ternal shock and vibra
tion. Augat cradles are 
especially designed to 
clamp sub-miniature 
and miniature tubes, 
transistors, resistors, ca
pacitors, diodes, crys
tals, etc.
They assure longer life 
of tubes and transistors 
by reducing tempera
ture through conduction.

Write today for additional 
information and samples.

Représentant e Display

AUGAT BROS. me.
31 PERRY AVENUE • ATTLEBORO, MASS.

CIRCLE 360 ON READER-SERVICE CARD

FOR TIMELY 
DESIGN 
INFORMATION

In Electronic Design, engineers find not only more new 
products, but all the new products normally encountered in 
the design of electronic original equipment. 26-time publish
ing frequency brings this information quickly to the engi
neer’s attention, timed to a fast-moving industry. Electronic 
Design is more up-to-the-minute, more complete, more help
ful, and easier to read than any other electronic publication. 
No wonder more and more engineers read Electronic 
Design first!

ELECTRONIC DESIGN
a HAYDEN publication

830 THIRD AVENUE, NEW YORK 22, N. Y.
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RUSSIAN TRANSLATIONS

Scheme for Switching Radio Broadcast Programs 
by P. A. Palladin. CJ 1/58, p 12.

Brief description of a circuit permitting auto
matic selection of programs and checking the 
correctness of the switching in a central broad
cast studio.

Auxiliary Multi-Channel Transistorized Ampli
fier by K. P. Yegorov and I. V, Sukhodoyev. EC 
12/57, pp 58-64.

The authors discuss the possibility of design
ing a group amplifier for multi-channel com
munication using pnp transistors, and describes 
methods for reducing the noise.

SPUTNIK
Second Soviet Artificial Earth Satellite. R 12/57, 
pp 24-29, 5 figs.

Reprint of description, unsigned, of the Soviet 
second Sputnik, originally printed in “Pravda” 
November 13, 1957. The arrangement and the 
description of some of the electronic and cosmic- 
ray apparatus are described.

Exact Determination of the Velocity of a Satellite 
by S. Khaykin. R 12/57, pp 5-7.

Outlines the fundamental principles, in a popu
lar manner, of how the speed of a moving satel
lite can be determined by its frequency shift.

Preliminary data on Propagation of Radio 
Waves by A. Kazantsev. R 12/57, pp 7-8.

Relates briefly how signals from the satellite 
can throw new light on the various ionized layers 
around the atmosphere.

COMPONENTS
Single Cycle Switching Circuits with Intermedi
ate LC Network Employing Ferrites with Rectan
gular Hysteresis Loop by Ya. G. Koblents and 
D. A. Yakovenko. EC 11/57, pp 101-112, 12 figs.

Description of a contactless magnetic switch
ing element developed by the authors, intended 
for automatic control equipment in automatic 
telephone stations and for long-distance appa
ratus.

Germanium Rectifiers by B. A. Piontkovskiy. CJ 
11/57, pp 5-7, 4 figs.

Most rectifiers used for power supply for com
munications apparatus contain selenium recti
fiers. Recently the Russian industry has devel
oped new semiconducting germanium rectifiers, 
whose electrical parameters and properties are 
considered in this article.

Estimate of Nonlinear Properties of Junction
Transistors by A. I. Borisov. EC 12/57, pp 37-44,
8 figs.

The author introduces coefficients that charac-

Using 
Thermistors

Edited by

FENWAL ELECTRONICS

New Experimenter’s 
Thermistor Kit

Now it’s easier than ever to choose th 
thermistor best for your applicatioh!

New Fenwal Thermistor Kit No. G2(X 
can be purchased for experi mental worl 
and use in circuit design. It contain^ a se 
lection of 12 thermistors — 2 glass ptobes 
3 beads, 2 discs, 3 rods and 2 washer? 
Price is only $19.95 f.o.b. Framinghan 
Massachusetts.

)ESI

] 
ass 
fac 
ica

Complete technical data providec 
with each thermistor right on its individ 
ual package. Information includes: ratu 
of resistance at 0°C and 50°C; dissipatior 
constant; time constant; typical E-I 
curve; typical Resistance-Temperature 
curve; actual resistance at 5 specific tem
peratures; plus current, voltage and tem-
perature parameters.

To order Fenwal Thermistor Kit No.
G200, write — Fenwal Electronics, 
Inc., 37 Mellen St., Framingham, Muss.

Design — Engineering — Production 
of Precision Thermistors

CIRCLE 362 ON READER-SERVICE CARD
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CALL ON LINK’S 
EXPERIENCE FOR

terize the fundamental nonlinear properties of 
junction transistors. He shows that the nonlinear 
distortion introduced by the transistor is due to 
electric processes originating in the emitter and 
collector p-n junctions in the base region and he 
recommends a method for selecting transistors 
with least pronounced nonlinear properties. Ref
erence is made to an article by W. M. Webster, 
Proceedings IRE, Vol. 42, Page 914-920, 1954.

RGM-500, an Oscillator Triode with Continuous 
Vacuum Pumping by A. L. Mints, M. I. Basa- 
layev, N I. Oganov, and Ye. V. Rudnev. REE 
10/57, pp 1240-1252, 10 figs, 2 tables.

Describes the construction of a dismountable 
oscillator triode with continuous vacuum pump
ing, having a useful power of 500 kw. The tube 
has several features that distinguish it from pre
vious models. The article contains an extensive

ffobe
isher
gham

ESIGN and PRODUCTION of

ELECTROMECHANICAL

ASSEMBLIES...

PRECISION SERVOS...

GEAR HEADS...

Link Aviation can provide expert 
assistance in the design and manu
facture of precision electromechan
ical assemblies, because:

ovidec 
ndivid I 
s: ratii 
ripatici 
al E-I 
erature 
5c tem 
id tem-

• Link has years of experience 
designing computer assemblies

• Fabrication and assembly arc 
performed under environment
ally controlled conditions

• Stringent quality control in
cludes ioo< inspection of preci
sion pears with graphical record 

Call Link at Binghamton 3-6311 
today—or send your specifications 
or drawings directly to Industrial 
Sales, Department ED.

Link’s #026 precision Gear Re
duction Kit, with 16 interchange
able gear and pinion clusters for 
making 23 different ratio setups, 
is available for your experi
mental and development needs.

A SUBSIDIARY OF 
CENTRAL PRECISION EQUIPMENT CORPORATION

LINK AVIATION. INC.
BINGHAMTON, NSW YORK

CIRCLE 363 ON READER-SERVICE CARD
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CARD

description of the mechanical and electrical pa
rameters of the tube, as well as some test results.

Effect of Impurity Distribution in the Base of Drift 
Transistors on Frequency Characteristics by Ya. 
A. Fedotov. REE 10/57, pp 1261-1270, 4 figs, 1 
table.

The distribution of impurities in the base due 
to diffusion, determines certain properties of a 
transistor. In particular, this diffusion produces 
an internal accelerating field, which affects the 
process of the charge transport from the emitter 
to the collector. This article considers the fre
quency characteristics of such drift transistors, 
and discusses the diffusion of impurities in ger
manium, the connection between the collector 
voltage, thickness of the junction, and the capaci
tance of the junction, and also the influence of 
uneven distribution of the impurities in the base 
region on the motion of the carriers from the 
emitter to the collector. The maximum power 
gain frequency is also determined.

RADIO ASTRONOMY
New Radio Telescope (Preliminary Communica
tion) by V. V. Vitkevich and V. A, Udal’tsov. REE 
12/57, pp 1548-1549, 1 fig.

Short report on the new large radio telescopes, 
installed in July 1957 at the Crimean Scientific 
Station of the Physics Institute of the Academy 
of Sciences, USSR. The dish has a diameter of 
31 meters and was used to study radio waves 
from the sun and from the Crab nebula at 50
and 10 cm, and from the sun at 3 cm.

A more detailed report on this article appears 
in Soviet Bloc International Geophysical Year 
Information published by the U.S. Department 
of Commerce, Office of Technical Services, 
Washington 25, D.C.

This OTS bulletin is the first of a weekly series 
extending to January 2, 1959. The subscription 
price for the series is $10.
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need metal components of

INTRICATE sh
...with accuracies to 0.0005 in.?
Let BART LECTROFORM them for you
When shapes are too complex to machine or cast . . . when 
thin walls and super-fine internal finishes are vital ... Bart 
Lectroforming is often the answer. And no other process 
approaches it for maintaining identical dimensions through
out mass production runs.

In Bart Lectroforming, your products or parts are built 
up electrolytically on removable matrices. There are no sec
ondary operations to alter tolerances.

Products successfully Lectroformed include many of "diffi
cult” form for electrical, electronic, and other precision 
applications, in many metals and metallic combinations.

Explore the vast new designing possibilities of Lectro
forming when your product is at drawing-board stage. Bart’s 
research and development facilities and experience are at 
your call.
Precision Mechanical Tube-Forming, Too
The F. C. Kent Company, a division of Bart Manufacturing 
Corporation, offers 44 years’ experience in the production of 
precision-formed tubular parts for the aircraft and electronic 
industries. Inquiries are invited and catalog is available on 
request.

MANUFACTURING CORPORATION
■ ELECTROFORMING « PIPE LINING A COATING • PLATERS
■ CHEMICAL PUMPS • ENGINEERING DESIGN SERVICES

■ wh ■ 227Main St., Belleville 9, New Jersey
CIRCLE 364 ON READER-SERVICE CARD

® WELWYN
Hermetically Sealed 

Deposited Carbon Resistors

High stability resistors bonded into glazed and vitrified ceramic shells 
for complete protection against ambient humidity changes.

Silicone oil filled — acts as efficient convective medium for improved 
heat dissipation. Also serves as infallible quality control for detecting 
seal leakage defects.

As part of quality control, each resistor is subjected to sustained 
pre-load test at FA times rated wattage. Insures against catastrophic 
failures under normal operating conditions.

Designed to meet military specifications. 
MIL-R-10509 (current issue)

for complete data, write to:

WELWYN INTERNATIONAL, INC.
3355 Edgecliff Terrace, Cleveland 11, Ohio

CIRCLE 365 ON READER-SERVICE CARD
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J

the 5100 SERIES
PULSE CODE GENERATORS
and Magnetic Core Testing Equipment

HIGH CURRENT ... MEGACYCLE OPERATION

Designed for: Magnetic Memory Core 
Testing — Switch Core Testing — Magnetic 
Material Pulse Response Studies —Pulse 
Code Transmission System Design and 
Test — Multi-pulse Circuit Development.

Model 3450B 
MEGACYCLE PULSE GENERATOR

* 2 me to 200 cps

• Continuously variable pulse width 
and delay to 100 jus in 3 ranges

• Simultaneous pos. & neg. pulses

The 5100A Series and the Model 3450B are latest additions to the 
Electro-Pulse instrumentation line. Others: Precision Pulse Generators, 
Variable Pulse Generators, Time Delay Generators, Pulse Oscillators, 
Voltage and Current Calibrators, and Electronic Counters.

• Ten-Interval Pulse Code
• Five-Interval Controllable Repeat
• Variable Width and Delay Pulses
• Amplitude Variable to 5 Amp. per 

Channel —500 Mil. Avg. Current
• Independently Coded Channels
• Mixed Output—

4 Channels Pos. and Neg.

Model 5100A
Four-Channel Pulse Code Generator

The Electro-Pulse 5100 Series Pulse Code 
Generator has been developed to meet an 
increasing demand for higher clock rates 
and higher output currents necessary in 
data handling and related fields.
The flexible coding system is based on 10 
intervals with controllable repeat of five 
intervals. Each channel Control Unit 
optionally selects (independently for each 
interval) a pulse or no pulse.
Four direct channels and two delayed 
channels feed four output amplifiers to 
form any required positive or negative code 
patterns, pulse current amplitudes, or 
waveforms with variable rise times.
Write for Complete Dota: our Bulletin 5100 'ED

Representatives in Major Cities

11861 TEALE ST., CULVER CITY, CALIF. • Phone: EXmont 8-6764 or TExas 0-8006
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GERMAN ABSTRACTS
E. Brenner

Temperature

Stabilization

Of

Transistors

BOTH LINEAR and non-linear cir
cuitry can be used for temperature 

compensation. The use of non-linear ele
ments can, in principle, completely com
pensate for changes in quiescent collector 
current, collector voltage or gain.

If the collector current is maintained 
constant an experimental curve relating 

emitter-base voltage to temperature can 
be obtained. For an OC811 transistor this 
curve is a straight line with slope —2.7 
mv/deg C. In general the temperature 
dependence of emitter-base voltage 
(Veb) with temperature (0) gives values 
of A Veb/A 0 between —2 and - 3 
mv/deg C.

A temperature dependent resistor 
(semiconductor) can be used, as illus
trated, to compensate for the transistor 
characteristics. For a limited tempera
ture range such elements are described 
by the equation

R = Ro e~cse
where c depends on the temperature but 
is treated as constant over small ranges. 
For the circuit shown one sets

Veb d / E-R(ß) \ E dRW
so de\R + R(e)/ R de

Because the parameter c is actually 
temperature dependent, compensation is 
achieved only over a limited range of 
temperatures.

The range can be extended by linear
ization, i.e. by connecting a linear re
sistor in series or in parallel with the 
temperature dependent semiconductor. 
This requires, of course, that the non
linear element have greater temperature 
sensitivity.

The original paper includes a review 
of the basic temperature/transistor char
acteristics relationships and a discussion 
of various linear compensation schemes.

Abstracted from an article by R. Lunze, 
Nachrichtentechnik, Vol. 8, No. 3, March 
1958, pp 98-108.
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LINEAR analysis of the block diagram 
shown in Fig. 1 indicates that two 

ty pes of transistor oscillators can be built. 
In one case the conditions for oscilla
tion depend on the parameters of the 
transistor; in the second the frequency 
of the oscillation is independent of the 
transistor and depends only on the fre
quency selective feedback network.

If the ideal transformer with turns 
ratio a is considered part of the transistor 
four pole, as shown in Fig. 2, then the 
Barkhausen criterion for oscillation be
comes

a2 (1-Ô) A « 
a (—a+hn) > ------ - ---------- F An

¿2»

Zu
+a2 A22 ——F An 

Zu

where « is the short circuit current gain;
is the feedback voltage gain (gener

ally negligible compared to a); Zi8 and 
Z12 are the short circuit input and output 
impedances respectively; the A< /s are the 
elements of the cascade matrix (general 
circuit parameters ABCD) of the cou
pling four-pole. The parameter is the 
“short circuit stability ” defined as Y2i Y12 
Y22 Yn where Y^ represents the elements 
of the open circuit admittance matrix of 
the transistor without the transformer.

The ideal transformer is introduced 
into the calculations for convenience. In 
the physical realization of the coupling 
network it is often possible to “absorb” 
this element by using unsymmetrical 
four-poles. If the coupling network is 
assumed to be a symmetrical lattice with 
reactance Xi in the series arm and re
actance X2 in the cross-arm. then the 
conditions for oscillations are described 
by the following relationships:

To satisfy the amplitude condition, 
i.e., ' magnitude of gain '

(—a+hu) — 21 mm

where a2 is chosen as the ratio Z2s/Zia. 
To uniquely specify the frequency of 

oscillation

— a2 (1 — *0?X 1 X 2 + Z ig Z2s ~ I* * 
This last equation can be satisfied if

Xi X2 = Zu Zula2 (1 - 6)
or if the product XiX2 is indeterminate 
in the sense that Xi has a zero when X2 
has a pole or vise versa. In the latter case 
the frequency of oscillation is independ
ent of the transistor parameters. These 
parameters appear in the last equation 
through the quantity 6.

In the original paper several realiza
tions of each type of oscillator without 
ideal transformer are discussed: the 
problem of losses; the possibility7 of not 
meeting exactly the requirement for zero 
(or pole) in Xi when a pole (or zero) is 
required in X2. In either case the fre
quency of oscillation differs slightly from 
the value calculated from the last equa
tion.

Abstracted from an article by J. Paul, 
Nachrichtentechnik, Vol. 8, No. 3, March 
1958, pp 109-116.

Fig. 1. Block diagram of the oscillator.

Fig. 2. Transistor with ideal transformer. 
The transformer is introduced to facili
tate computations. The use of unsym- 

metncal four-poles often eliminates the 
transformer.
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From General Electric . . .

PLAIN TALK ON 
TANTALYTIC* CAPACITOR 

AVAILABILITY
It’s time for plain talk on the facts of tantalum electrolytic 
capacitor availability. There is no “availability” problem 
as far as General Electric is concerned.
Here’s why:
• No metal shortage—Stocks of capacitor-grade tan

talum have doubled within the past year.
• No production capability shortage—General Electric’s 

production facilities have tripled in the past year.
• No delivery bottlenecks—General Electric’s improved 

manufacturing processes and techniques have virtually 
eliminated production rescheduling.

• Few military directive priorities—Since the supply of 
Tantalytic capacitors has met demand, the military 
requirements can be met without directive priorities.

This is why we say—now and in the future, General Elec
tric will continue to provide Tantalytic capacitors in the 
types and ratings you want—when you want them.

For specific information on Tantalytic capacitor ratings, 
prices, deliveries, contact your nearest General Electric 
Apparatus Sales Office or write to General Electric Co., 
Section 449-4, Schenectady 5, N. Y.

129C TANTALYTIC 
CAPACITORS—for 
aircraft •loctronic

10-180 mfd, 30 to 
100 volts. Sizes Vt to 
1 ’/» inches in height. 
Also tubular, dou- 
bls-cased units.

★Hogittorod trad.-mark 
of Gonoral £ I.e trie Co.

★★Trad.-mark of 
Gonorol £ Metric Co.

’ rf

KSR** TANTA- 
LYTIC CAPACI
TORS—for mis
siles, radar, air
borne electronic 
equipment appli
cations—ratings 
up to 3900 mfd— 
throe case sizes 
1.379, 2, 2.9 inch
es in height.

SOLID TANTALYTIC CAPACITORS 
—for transistorized circuit appli
cations—rated up to 60 volts, 
polar units only—sizes down to 
0.129 Inches by 0.290 Inches.

•9C TANTALYTIC CAPACITORS 
—for applications requiring high 
quality but where temperatures 
are less severe.

CIRCLE 367 ON READER-SERVICE CARD
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ATLAS E-E CORPORATION

CIRCLE 368 ON READER-SERVICE CARD

Box 881,

©

QUICKER-MORE ACCURATE- 
MORE RELIABLE CIRCUIT DESIGN

Send for APPLICATION DATA SHEET - lists the proper 
Atlee clip for use with each transistor on the market.

Aug. 6-8: Special Technical Conference on Non
Linear Magnetics and Magnetic Amplifiers

Aug. 13-15: Conference on Electronic Standards 
and Measurements

July 24-25: 5th Annual Symposium on Computers 
and Data Processing

#210 — 128 pp., 8% x 11" in a spiral bound stiff cover binding only $4.25

10-DAY UNCONDITIONAL MONEY-BACK OFFER

CLIPS for JETEC "30

Atlee part #100 245 illustrated above

Available as follows:

# 100-245 and 101-345-for all JETEC “30” cases-cad
mium plated spring steel and silver plated beryllium 
copper, respectively.

# 106-343-1 — lor Texas Instrument 2N497 and 2N498 — 
black finished beryllium copper allows only 20°C 
case rise under full 4 watt load at room temperature.

All A ILEE dips may be supplied coated with Durafilm 
Hi-Dielectric Enamel (2700 volts/mil). A I LEE clips are 
available for all E.I.A. case sizes.

47 Prospect Street 
3757 Wilshire Blvd.

Woburn, Massachusetts 
Los Angeles, California

CONDUCTANCE CURVE DESIGN MANUAL
by Keats A. Pullen, Jr., Eng., D.

As a reader of Electronic Design, you have read Dr. Keata Pullen’s articles 
on the use of conductance curves as the basis for tube nnd transistor 
circuit design. This vacuum tube working manual for the engineer thor
oughly ties together circuit equations and the concept of small signal 
paiumeters for use in circuit design. It provides a group of data, in table 
and graph form, so organized that it helps the user design circuits which 
function in the manner desired, with a minimum of readjustment. With 
the manual, the engineer can use small signal parameters tu predict large 
signal performance with the following benefits:

• makes it possible to optimize a design so that a given performance 
can be obtained with minimum tube element dissipation by per
mitting point-by-point determinations of dynamic operating con
ditions anywhere within a tube’s rating. Life and circuit reliability 
are enhanced and experimental readjustment is minimized.

• clearer understanding of in what manner circuit performance 
changes when any circuit parameters are varied. Makes it evident 
that when a required performance can’t be obtained without oper
ating the tube near or at its peak, another tube type with greater 
power handling capability should be chosen.

• aids in the design of conservatively rated circuits for greater 
reliability. ,

MANUAL DIVIDED INTO THREE PRINCIPAL SECTIONS

explanation of the special curves and their application in typical 
R-C amplifier designs.
tables useful in making tube substitutions and tables to simplify the 
selection of tubes for given applications.
a special set of conductance curves for more than 70 of the most rep
resentative vacuum tube types used in all services. Includes low power 
and high power tubes, triodes and pentodes, and several mixer tubes.

JOHN F RIDER PUBLISHER. Inc 116 West 14th Street. New York 11. N Y
In Canada Charles W Pomton, Ltd , 6 Alcina Ave , Toronto, Ontario

CIRCLE 369 ON READER-SERVICE CARD
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MEETINGS

Albany Hotel, Denver, Colo. Sponsored by the 
Denver Research Institute, Electronics Div., 
University of Denver. Symposium will consist of 
technical papers on basic problems in the field 
of data processing, particularly in the areas of 
formalized analysis techniques, logical design 
techniques, automatic programming, systems or
ganization, digital communications, and compo
nents and devices. Queries concerning the sym
posium may be addressed to C. A. Hedberg, 
Head, Electronics Div., Denver Research Insti
tute, University of Denver, Denver 10, Colo.

Hotel Statler, Los Angeles, Calif. Sponsored by 
AIEE. The four technical sessions will include: 
technological and theoretical aspects of non
linear magnetics and magnetic amplifiers; com
puter applications; special purpose devices and 
applications; “new frontiers” in the field. 
Exhibits will be displayed by 40 manufacturers 
selected for their contributions to the industry. 
For more information about the conference, 
write AIEE, 33 West 39th St., New York 18, N.Y.

NBS Boulder Labs., Boulder Colo. Sponsored 
by the Professional Group on Instrumentation of 
IRE, Electronic and High-Frequency Instru
ments Committee of AIEE, and the Radio Stand
ards Lab. of the National Bureau of Standards. 
Six technical sessions will cover the following 
subjects: The Relationship of Standards to Phy
sical Constants; Frequency and Time Interval 
Standards; Direct-Current and Low-Frequency 
Standards; Radio-Frequency Standards (Meas
urement of voltage, current, power, impedance, 
attenuation, phase shift, field strength); Micro
wave Standards (Measurement of power, imped
ance, attenuation, noise); and The Organization 
and Operation of Standards Laboratories. Write 
James F. Brockman, National Bureau of Stand
ards, Boulder Labs., Boulder, Colo.

Aug. 13-15: 7th Annual Conference on Industrial 
Applications of X-Ray Analysis

Albany Hotel, Denver, Colo. Sponsored by Uni
versity of Denver, Denver Research Institute,

FLEXIBLE SHAFTING PROVIDES 
STRENGTH AND FLEXIBILITY

Recent advances in manufacturing techniques have mane 
possible the production of flexible shafts able to handle 
loads greatly exceeding those of some years ago whi n 
flexible shafting was largely confined to the handling of 
small loads. This was due to the size of the flexible cable 
having to be enlarged excessively in ratio to the load 
applied.

For example, a flexible shaft which will carry a load of 
55 lb. inches will require a flexible cable with a .187" 
diameter. This cable has a torsional deflection of only 4.7° 
and may be bent into a minimum radius of 3" while made to 
rotate in either a clockwise or counter clockwise direction 
when being viewed from the driven end. Previously, this 
same load of 55 lb. inches would have required a much more 
cumbersome and more expensive cable which would have 
lost its flexibility with the increase of the cable diameter.

Flexible shafting for use in industry offers distinct ad
vantages in alignment, the main advantage being its ability 
to transmit power over, under and around obstacles without 
the use of costly and complicated gearing. It responds im
mediately to the drive power and may function in a con
tinuous or intermittent operation. Flexible shafts may be 
composed of eithei’ power drive cable for rotation in either 
a clockwise or counter clockwise direction, or they may be 
composed of remote control cable which provides for 
rotation both clockwise and counter clockwise.

The F. W. Stewart Corporation is prepared to manufac
ture complete flexible shaft assemblies to your specifications 
which will permit easy and economical incorporation of 
flexible shafts into your designs.

Send for further details. F. W. Stewart Corporation, 
4311-13 Ravenswood Avenue, Chicago 13, Illinois.

CIRCLE 370 ON READER-SERVICE CARD

HOW TO CUT 
MAJOR COSTS 

of Small Plastic Parts
New Methods are Saving Thousands of Dollars 
for Leading Electrical and Electronics Industries

If high costs are a problem, here's your answer! It s the new MINI- 
JECTOR® way to small plastic parts development and production 
Beg.ns by eliminating expensive big-press tooling where not required 
New catalog is detailed, fully illustrated. Outlines latest methods used 
by hundreds of plants to develop and produce widest variety, precision 
plastic injection molded items in popular Nylon and all thermoplastics 
(conventional and insert) up to 1 oz. at big savings. Shows how easy 
it is to cut your expenses to the bone. Write today—it's yours without 
cost or obligation.

NEWBURY INDUSTRIES, Inc
Newbury, Ohio

Newbury Industries, Inc. 

Box A81, Newbury, Ohio

Send new catalog immediately (no cost).

CLp coupon 
to your 
letterhead 
and mail.

Name

Address

StateCity
C RCLE 371 ON READER-SERVICE CARD
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MODEL

AERO ELECTRONICS CORP.
1657 WEST 134TH STREET, GARDENA, CALIF.

CIRCLE 372 ON READER-SERVICE CARD

Comprehensive data on the Aero
Pot Model 925 and other Aero prod
ucts will be sent to you on request.

’patent applied fop

miniature! humidity proof!
Mechanical — all metal structure
Stability —10 to 60 ppm/°C
Environment passes MIL STD 202. 
method 106
Power —4 watts at 25°C. Derates to 
zero at 190cC
Resistance — 100 to 100,000 ohms
Size-1.257 x .330 x .242 ±.003. 
1 000 mtg. centers.

AERO-POT*

Metallurgy Div. For additional information 
write William M. Mueller, Metallurgy Div., Den
ver Research Institute, University of Denver, 
Denver 10, Colo.
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Kester Solderforms 
will give you today's 
demanded economy 
plus end product 
quality greater than 
ever before.
Write For Complete Information

KESTER SOLDER 
COMPANY

4266 Wrlgbtwwd Aw. • Chicago 39. III. 
Nowark 5, N. J. Brantford. Can.

CIRCLE 373 ON READER-SERVICE CARD

Aug. 19-22: Western Electronic Show and Conven
tion

Los Angeles, Calif. Details will be announced 
later. For more information write Western Elec
tronic Show and Convention, 1435 S. La Cienega 
Blvd., Los Angeles 35, Calif.

Sept. 12-14: 7th Annual High Fidelity Show

Palmer House, Chicago, Ill. Write to Interna
tional Sight and Sound Exposition, Inc., One N. 
La Salle St., Chicago 2, Ill., for further details.

Sept. 15-19: 13th Annual Instrument-Automation 
Conference and Exhibit

Philadelphia Convention Hall, Philadelphia, Pa. 
Sponsored by ISA. Two technical sessions on the 
use of instruments in the nuclear field will high
light the 5-day conference. Ask Fred J. Tabery, 
Conference and Exhibit Manager, 3443 S. Hill 
St., Los Angeles, Calif., for further information.

Sept. 22-24: National Symposium on Telemetering

Americana Hotel, Miami Beach, Fla. Sponsored 
by PGTRC of IRE. Ken West, 1345 Indian River 
Dr., Eau Callie, Fla., has additional information 
about the symposium.

Sept. 24-25: 7th Annual Symposium on Industrial 
Electronics

Rackham Memorial Auditorium, Detroit, Mich. 
Co-sponsored by PGIE and AIEE. Address 
queries to William R. Thurston, General Radio 
Co., 275 Massachusetts Ave., Cambridge 39, 
Mass.

Courses—Seminars

Aug. 4-15: Summer Study Course in Microwave 
Theory and Technique. Case Institute of Tech
nology, Cleveland, Ohio. The course will be 
directed toward the engineer in industry who 
has found a growing need for training in the 
methods of measuring and analyzing with micro
waves. Requests for additional information on 
the course should be directed to the Director of 
Special Programs, Case Institute of Technology, 
10900 Euclid Ave., Cleveland 6, Ohio.

ELECTRONIC DESIGN • July 9, 1958

A COMPREHENSIVE 

NEW LINE OF 125°C 
HIGH RELIABILITY CHOKES

small encapsulated

R. F.choke s
100,000 to 1 inductance range. Here is the widest 
range available*-*0.1 uH to 10 MH I
Miniature to subminiature sizes. For example, a unit 
with an inductance of 100 uH measures only .0122 
cubic inches.
125*C—the operating temperature range of these 
units is -j55*C to +125*C.
Excellent environment features—NYT chokes are 
epoxy encapsulated for resistance to moisture and 
immersion. All units are designed to meet MIL*C* 
15305A, Grade 1, Class B.
Do your application engineering with a minimum of 
experimental work. New technical and performance 
data including description of electrical parameters 
in Bulletin 125.

Chokes now available from stock

ELECTRONICS, INC.
297 9 N. ONTARIO ST.. BURBANK. CALIF.
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TAKE THE "ELECTRONICS HIGHWAY”
WHEN VACATIONING — . 
IN NEW ENGLAND
... and visit
SYLVANIA’S WALTHAM LABORATORIES ------------------------------------_-----------------

Express artery around Boston: 
Rt. 128, In heart of Pilgrim 
Country. Going north, take 
Exit 44 for Sylvania (12 miles 
frorn Boston Common). Many 
tourist attractions are close 
enough for a day's sightseeing. 
And 128 connects with main routes 
to all New England

current

• Sr. Development Engineers
• Sr. Packaging Engineers
• Project Engineers

MAIN ST.

Typical of the picturesque 
New England coast — 
• sturdy old lighthouse

• Advanced development, 
VHF & UHF submoni
toring complex radar 
systems

• Systems analysis & 
synthesis of complex 
radars, their design and 
simulation

Engineers with experience 
in Radar Data Handling 
and Display
fPrevious digital data 
processing experience is 
important for most 
assignments.)

• Problems in atmospheric 
physics, ionized gases, 
astronautics

• Sr. Logical Design 
Engineers

Send your resume to Erling Mostue 
WALTHAM LABORATORIES, Electronic Systems Division

MISSILE SYSTEMS 
LABORATORY

DATA PROCESSING 
LABORATORY

V SYLVANIA T 
SYLVANIA ELECTRIC PRODUCTS INC.

1OO First Avenue • Waltham 54, Massachusetts

to discuss our newest projects 
and your professional opportunities

opportunities 
at Sylvania are too 
good to pass by...

Interview and relocation expenses paid by 
Sylvania. Inquiries will be answered within 2 
weeks. Convenient Saturday interviews arranged.

Cruising north along Route 128 through his
toric Middlesex County, you’ll see Sylvania’s 
Waltham Labs high above the highway. Stop 
off on your way to nearby Lexington for what 
could be an important interview about a fu
ture in advanced electronics with Sylvania.
Big things are happening in your profession 
at Waltham Laboratories. This is where Syl
vania engineers and scientists are developing 
the Data-Processing nerve-center of BMEWS 
(giant new program for a Ballistic Missile 
Early Warning System).
Work on PLATO (AMM system for which 
Sylvania is Weapons System Manager) is also 
centered here...plus development programs 
for other major electronic defense projects.

AVIONICS LAB
• Microwave components 

design including multi
channel filters incorpo
rating fast-acting 
microwave switches

• Flush-mounted broad 
band airborne microwave 
antennas

• Transistor circuit design 
& development

Cl 
READEAPPLIED RESEARCH LAB

• Research & Systems Appli
cation in Counter-Counter
measures, Operations 
Research, Analysis & 
Applied Physics
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left,

AERO-THERMODYNAMICISTS 

EXPLORE HIGH-SPEED RE-ENTRY

A report to Engineers 
and Scientists from 

Lockheed Missile Systems — 
where expanding missile 
programs insure more 

promising careers

Advanced weapon system technology has brought to the lorefront problem areas 
requiring attention to interaction between aerodynamic and thermodynamic 
phenomena. Typical of these is the problem of high-speed atmospheric re-entry. 

Expanding research and development activities have coincided w it h acceleration 
on top priority programs like our Polaris 1RBM, and Reconnaissance Satellite. 
At the same time, positions for qualified engineers and scientists have opened up 
that are unequalled in responsibility or in opportunities for moving ahead.

Positions in aero-thermodynamics include such areas as: aerodynamic 
characteristics of missiles at high Mach numbers; missile and weapon system 
design analysis; boundary layer and heat transfer analyses in hypersonic flow 
fields; and calculation of transient structural and equipment temperatures 
resulting from aerodynamic heating and radiation.

In addition, openings exist at all levels in Gas Dynamics, Structures, Propulsion, 
Test Planning and Analysis, Test Operations, Information Processing, Electronics, 
and Systems Integration. Qualified engineers and scientists are invited to write 
Research and Development Staff, Palo Alto 29, California.

Lockheed
MISSILE SYSTEMS DIVISION

Maurice Tucker, Aero-Thermodynamics Department Manager, right, 
discusses combined aero-thermodynamic re-entry body tests being 
conducted in Division’s new “hot-shot” wind tunnel. Others are 
Dr. Jerome L. Fox, Assistant Department Manager, Thermodynamics, 
and Robert L. Nelson, Assistant Department Manager, Aerodynamics.
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... and career opportunities 
at Motorola in Phoenix 
are second to none!

Pay is excellent, advancement is 
rapid, the attitude is friendly and 
helpful. Other advantages: no 
commuting problems; colleges 
that offer advanced study; re
markably low home costs.

And think of the pure pleasure 
of living in a famed resort area 
with sunny, dry, shirtsleeve win
ters ... year-round golfing, swim
ming, picnicking ... and seashore 
and Mexico within a day’s drive I

Expanding Phoenix is a vitally- 
important electronics center.

Motorola is expanding, too. 
Grow with Motorola in Phoenix 
... where it’s fun to live !

If you are qualified for one of 
these positions, write, wire or 
phone Motorola in Phoenix 
today !

, ELECTRONIC ENGINEERS, 
MECHANICAL ENGINEERS, PHYSICISTS

System Analysis, Design and Test
Radar Communications
Navigation Missile Guidance

Data Processing and Display

Circuit Design, development and Packaging 
Microwave Pulse and Video

Antenna Digital and Analog
R-F and I-F Transistor

Servos

Technical and Specification Writing 
Printed and Etched Circuitry

Write: 
Mr. Kei Rowan 

Western Military Electronics Center
Motorola, Inc., Dept. B-7

8201 E. McDowell Road 
Phoenix, Arizona

Engineering potitiong algo available at 
Motorola, Int. In Chicago, lllinoig, and 
Rivorgido, California.

Excellent openings for Design 
Engineers exist in General 
Electric’s Light Military Elec
tronic Equipment Dept.

The capable man will find rough 
problems to lick in designing 
complex indicator circuitry. He 
will be called upon to assist in 
the development of indicators 
and associated equipment for 
display of data obtained from 
high-power, long range airborne 
search radar. The problems will 
tax his knowledge of digital 
computer techniques, CRT dis
play and video indicating cir
cuitry.

To learn more of these opportu
nities, forward your resume to:
Mr. Richard C. Kimm, Room 66-A

LICHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT

GENERAL^! ELECTRIC

French Road, Utica, New York
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Al

ENGINEERS Project & Staff Positions 
available to those interested 
and qualified for 
serious development 
work in:

Airborne Navigation Systems 
Related Electronics
Analog & Digital Computers 
Associated Test Equipment

Minimum 4 years experience 
in military navigation-type 
servos, computers, 
electronics, photo-electric- 
tracking or other related 
equipment is desirable.

PRODUCT ENGINEERS
Interesting, long-range position» provid
ing opportunity for future growth with 
Kollsman, designers of America’s finest 
aircraft instruments.

1. To supervise test equip
ment assembly groups.

2. For design of production 
test equipment for electro
mechanical systems.

Avertise

AMP In 
Ad i Pre 

a nee
■■ ro Ele 

A, rötest 
Ai: Mazt 
A! aldin 
Americar 
Americar 
Amperex 
Anacond 
Anchor 1 
Applied 
Arnoux 
Assembly 
Astron ( 
Atlas E- 
Audio 1 
Augat B 
Avion E

Please send resumes to T. A. DeLuca. FIELD ENGINEERS
('or Development & Field 
Service Work

kollsman INSTRUMENT CORPORATION

BO-OS 45th AVLHUE, ELMHURST, NEW YORK • SUBSIDIARY OF COIL PRODUCTS CD. INC.

Baird-Al 
Baker, J 
Bart Mi 
Beattie -< 
Birtcher 
Bliley E 
Borg, G 
Bourns 
Bryant 
Burgess
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HOW TO USE 
THE

HOME REPLY FORM

If you wish to inquire about any of the employment 
opportunities listed in the “Career Section” simply 

circle the appropriate Reader Service number in the 

grey (shaded) area of your Reader Service card. Be 

sure to include your home (or non-business) address 

in the space provided at the bottom of the card. In 

this way, the privacy of your inquiry will be pro
tected while still providing the speed and efficiency 

of ELECTRONIC DESIGN’S Reader Service card system.

Last year ELECTRONIC DESIGN processed more than 

120,000 individual reader cards. Now ELECTRONIC 

DESIGN is first to add a confidential inquiry form— 

one more step to its speeding communications be
tween reader and advertiser.

CBS-Hy 
( arbon 
( entrai 
Ct rama 
Clarosh 
Clevite 
Connec 
Consoli 
Corning

I
 Dale P 

Daystrc 
Dejur 
1 )t lco 
Dialigh 
Diamo: 
Dinico- 
Dow C 
Dow ( 
Dr. ssei 
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Pign 

Duranl

ESC ( 
Eastin: 
Elastic 
Electri 
Electri 
Electn 
Electr. 
Electn 
Elgin 
Emers 
'nglel 
’rie I
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ADVERTISERS’ INDEX

Pagedeertiser

118

124

Insert,

Inc

129

Inc.

Corp., The

103

124

1 want to take advantage of your offer to learn more about National,
AddressName

State

Present Position108

(Please give alternate choice.)
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Astron Corp..................................
Atlas E-E Corp.............................
Audio Development Co.............
Augat Brothers, Inc......................
Avion Division. ACF Industries.

133

104

108

117

Guest Dept.
National Company 
61 Sherman St.
Malden, Mass.

112 

127

XXV 

132 

122 

128 

124

101

105

Beaftie-Coleman, : 
Birtcher Corp. . . . 
Bliley Electric Co. 
Borg, George W.,

120

114

111

130

113

111

105

104

111

127

I am attaching a summary.
I would like to receive more details about National
I would like to visit National on________________

Bourns Laboratories ..............
Bryant Chucking Grinder Co.
Burgess Battery Co.................

AMP. Inc.....................................................  
Ad i Precision Products........................  
Advance Relays........................................
. ro Electronics Corp............................... 
Ai rotest Laboratories .............................  
Air Maze Corp............................................  
Aladdin Electronics ...............................  
American Lava Corp................................. 
American Machine & Foundry.............  
Amperex Electronic Corp.......... . . . . 
Anaconda Wire & Cable Co.................
Anchor Metal Co........................................ 
Applied Science Corp, of Princeton . . . 
Arnoux Corp...............................................  
Assembly Products Co., Metronix Div.

Dale Products, Inc....................................
Daystrom Transicoil Corp. . .
Dejur Amsco Corp. . . . . . .
Delco Radio, Div. of General Motors 
Dialight Corp.............................................  
Diamond Antenna and Microwave Corp 
Dimco-Gray Co..........................................  
Dow Chemical Co., The ......................  
Dow Corning Corp.................................... 
Dn-ssen-Bames Corp................................ 
Driver-Harris Co........................................ 
¡ a >nt, E I. deNemours & Co., 

Pigment Div......................................
Durant Mfg. Co..........................................

Baird-Atomic. Inc...............  
Baker, J. T., Chemical Co 
Bart Manufacturing Corp.

. . 115

100

88, 89

Corp................................
Eastman Kodak Co.............
Elastic Stop Nut Corp. . . .
Electric Regulator Corp. . . .
Electro-Motive Mfg. Co. . .
Electro Products Laboratorie 
Electro-Pulse, Inc........... ..
Electronic Measurements Co.
Elgin Metalformers Corp. .
Emerson Electric Mfg. Co.
•nglehard Industries, Inc. .
.rie Resistor Corp.................

CBS-Hytron ......................................
Carborundum Co., The ..................
Centralab, Div. of Globe Union, In
Ceramaseal Co., The .......................
Clarostat Mfg. Co...............................
Clevite Transistor Products ...........
Connecticut Hard Bubber Co., The 
Consolidated Mining and Smelting ( 
Corning Glass Works ......................

TRADITIONS
Be our guest on your vacation here where history 
was made. A visit to the National Company en
ables you not only to see the famous sites of the 
Revolutionary War such as Bunker Hill, Concord 
and Lexington, Paul Revere’s home.the Old North 
Church, the homes of the whalers and clipper 
ships, inns hundreds of years old, and the woods 
and lakes that great American writers loved and 
wrote about, but also affords the opportunity to 
find out first-hand about the National Company.
We want you to see for yourself how at National 
Creativity is Required, Recognized and Rewarded. 
We want to show you the challenging new pros
pects at National—development of missile check
out equipment using microwave and digital tech
niques; the Atomichron, the world’s most accurate

frequency standard; ionospheric and tropospheric- 
scatter systems, as well as National's outstanding 
line of commercial receivers and components 
which keep National’s business evenly balanced 
and steady .
We believe that you and your family will enjoy a 
visit to historical New England, and that you will 
like National Company and its environs. Write us 
today; tell us about your training and background 
in the microwave and digital and component 
fields, and reserve your day to be National’s guest.

Write or phone

National Company, Inc., Malden, Mass.
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138,
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International Resistance Co.
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Lavoie Laboratories

General 
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General

108
107
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139
56

114
110
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Kennedy & Co., D. S. . . .
Kester Solder Co.................  
Koi Is in an Instrument Corp,

Condenser Co.
Automatic, Inc.

Corp.....................................................
Electric Co., Voltage Regulators . .
Electric Co., Tantalytic Capacitors

Genisco, Inc.....................
Gertsch Products, Inc. . 
Globe Industries, Inc. . . 
Guardian Electric.........

Kay Electric 
Kearfott Co., 
Kearfott Co.,

93
118
110
129
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General 
General
General
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28
90
89

133
136
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54
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49
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Electric Co., Jet Engine Dept.. .
Electric Co., Lamp Div.................
Electric Co., Light Military Div.
Radio Co............................................
Transistor Corp.................... Insert,
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Fischer & Porter Co................................
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Haydon, A. W. Co., Inc.
Haydon Switch................
Heinemann Electric Co.
Hewlett-Packard Co. . . .
Hooker Chemical Corp. .
Hughes Aircraft Co. . . .
Hunter Mfg. Co...............

Lepel High Frequency Laboratories, Inc.. .
Lermer Plastics, Inc........................................
Linemaster Switch Corp.................................
Link Aviation, Ine..........................................
Lockheed Aircraft, Missile Systems Div. . .

Magnetic Amplifiers, Inc............... 
Magnetics, Inc., Components Div, 
Marion Electrical Instrument Co.
Martin Co......................................
Michigan Magnetics, Inc...............
Micro Switch ................................
Microtran Co...................................
Microwave Associates, Inc. . . .
Milgray Electronics, Inc...............
Millivac Instrument Corp.............  
Minneapolis Honeywell ...........

106
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110
128
74
53
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27

136
110
XV
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100
57
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XVI 
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Motorola Semiconductor Products Div. .
Motorola, Inc., Western Military 

Electronics Center ..............................

9

136

Narda Ultrasonics Corp.............
National Carbon Co................... .
National Company, Inc.............
Nesor Alloy Products Co..........
Networks Electronic Corp. . . .

......... 133

.........  66

......... 109

......... 137

.........  86
. . . 94, 95
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An outstanding feature is a special circuit limiting output 
current to a nominal value (selected on the front panel in 
4 steps—25, 50, 100 and 225 ma.) This unique feature 
prevents accidental overloads which otherwise cause costly 
damage to transistors under test.

Convenience of the new 721A is further increased by its 
compact size, low power consumption, simple controls and 
extreme dependability resulting from ultra-conservative 
circuit ratings. Model 721 A, $145.

Other -hp- regulated and klystron power supplies
Simple operation, widest usefulness, high regulation, broad 
voltage range, rugged dependability—these characteristics 
have made -hp- Power Supplies basic experimental, testing 
and production tools in America’s laboratories and fac
tories. The many jobs these precision instruments perform 
daily include powering low level amplifiers, constant fre
quency oscillators, pulse circuits with heavy instantaneous 
current demands, oscillators, small transmitters, klystrons 
and “bread board” arrangements 
from the most simple to the most 
complex. Brief data on -hp- power 
supplies appear in the table at right. 
For complete details on -hp- sup
plies meeting your power needs, 
call your -hp- representative for 
demonstration on your bench. Or, 
write direct.

I Rack mount available at slight additional charge.

Model Characteristics Regulation Current Voltage 
Range

Hum 4 
Noise Level Price

710B General purpose 
dc/ac supply

±1%, 0 to 
75 mj 100 mo 100 to 360 v de; 

6.3 v ac
Less than 
0 0005 v

$110.00f \

711A
Similar to 710B 
wider voltage 

range

Less than ±0.5% 
or 0.1 v, no load 

to full load
100 ma 0 to 500 v de; 

6.3 v ac
Ripple less 

than 0.1 mv 225.001

712B
Heavy duty, 4 
outputs, 0-1 

msec response

Less than 50 mv 
no load to full 

load
200 ma (pos. de)

0 to 500 v de; -300 
v de fixed bias; 0 
to -150 v de vari

able bias; 6.3 v ac

Ripple less 
than 500 uv 365.00t

715A
Klystron supply; 

square wave, 
external 

modulation

Less than 1 %, no 
load to full load 50 ma (at 400 v)

250 to 400 v de 
beam; 0 to 900 v 
de reflector; 6.3

v ac

Ripple less 
than 7 mv 300.00

Data subject to change without notice. Prices f o. b. factory

HEWLETT-PACKARD COMPANY
4818K PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U. S. A.

CABLE “HEWPACK" . DAVENPORT 5-4451 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

lecific 
tra 

I Supply 
Hent fo 
Model

Ask your -hp- rep for a demonstration
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140

132

126

108

Insert, XVI, XVII

110

Compact transistorized construction

New -hp- 721A Transistor Power Supply

ctory.

■suffi

that

62, 63
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300 
100

must 
«IJVS1

100
333

107
126

Radio 
Radio 
Radio

United 
United
United

Varian
Victor

Aircraft Products 
Electronics Con». 
States Gasket Co.

132
134

107

104

129

Metered output and current limiter prevent damage to 
transistors under test

High regulation; less than 0.3% or 30 mv change 
no-load to full-load

Associates ................
Adding Machine Co.

SMIT C13C9IT 
CHMM

Newbury Industries, Inc..........
Nothelfer Winding Laboratorio

Victoreen Instrument Co. . 
Victory Engineering Coni

Waldes Kohinoor, Inc..........................
Ward Leonard Electric Co.................
Weckesser Co.........................................
Weinschel Engineering & Mfg. Corp.
Welwyn International, Inc..................
Westinghouse Electric Corp..

Industrial Tubes .............................
Westinghouse Electric Corp., 

Semi-Conductors .......................
Weston Electrical Instrument Co. . .

Thermal American Fused Quartz Co..........
Transistor Electronics Coni  
Transitron Electronic Corp. .
Triplett Electrical Instrument Co.................  
Tung-Sol Electric, Ine., Semiconductor Div.

Technical Products Co. , . . . 
Technology Instrument Corp 
Tektronix, Inc........................... 
Texas Instruments, Inc..........

Rapi-Design, Inc..........................................
Raytheon Mfg. Co., Microwave & 

Power Div.............................................
Raytheon Mfg. Co.. Semiconductor Div, 
Rheem Mfg. Co............................................
Rider, John F., Publisher, Inc...............

Supply produces 0 to 30 volts at 150 milliamperes— 
nent for almost every type of transistor in use today. 
Model 721A has a convenient 3-terminal outout sc

Corp, of America 
Industries, Inc. . 
Receptor Co. .

Oak Mfg. Co..........................................
Ontario Association of Commerce &

Industry.............................................
Oslxrme Electronics Corp....................

. . Insert, XXII, XXVI 
Electronic

ecifically designed to provide precision de test voltages 
transistor investigations, the new -hp- 721A Power

either positive or negative terminals may be grounded. Or, 
the supply may be “stacked” on another voltage for still 
greater usefulness. Need for additional metering and con
trol equipment is eliminated since the 721A’s front panel 
meter monitors either output voltage or current.

Hint him

Sage Electronics Con}. ■ 
Sangamo Electric Co....................  
Sei-Rex Precious Metals, Inc.................  
Sigma Instrument, Inc............................. 
Sola Electric Co........................................
Sorensen & Co., Inc................................... 
Southwestern Industrial Electronics Co

Phelps Dodge Copper Products Co............. 65
Philco Corp., Lansdale Tube Div. 70, Insert, \ II
Philbrick, George A., Researches Inc
Photocircuits Corp................................

Stepper Motors (Land-Air, Inc.) .............
Stevens Mfg. Co..............................................
Stewart, F. W. Corp.......................................
Sylvania Electric Products, Waltham Div,
Sylvania Electric Products, 

Electronic Div..........................................
Systron Corp.....................................................

Insert, XXVII
........................ 100

Spectronic Plating Co 
Sprague Electric Co. . 
Stackpole Carbon Co., 

Components Div. .
Statham Instruments,

Look at this new, compact, $145



Now
^H30/^ ^501

deliver 85% more
^30/^ ^3oz

Power Output

RADIO CORPORATION OF AMERICA
Semiconductor & Materials Division

TJ /-i A 2N3O1 
XbV£l 2N3O1

AVAILABLE. TOO. AT VOUR LOCAL 
AUTHORIZED RCA DISTRIBUTOR.

224 N. Wilkinson St. Dayton 2. Ohio 
BAldwin 6-2366
1625 “K. ’ Street N. W.
Washington 6 D. C. • District 7-1260 
744 Broad Street Newark 2. N. J.
HUmboldt 5-3900
Suite 1154, Merchandise Mart Plaza 
Chicago 54 Ill. • WHitehall 4-2900
6355 E. Washington Blvd.
Los Angeles 22, Calif. • RAymond 3-Ô361

New, improved RCA-2N301 and RCA-2N301-A—now can provide an 
audio-frequency power output up to 5 watts in class A service at a 
mounting-flange temperature of 80°C—a significant increase (85%) 
over the original class A power output of 2.7 watts! These two units 
offer high reliability, high power efficiency, and low-distortion char
acteristics in power output stages of automobile radios, high-fidelity 
amplifiers, juke boxes, intercoms, PA systems, marine and mobile 
communications equipment, and electronic musical instruments.

RCA also announces the addition of three types to its expanding 
line of POWER OUTPUT TRANSISTORS: 2N176, 2N351, 2N376. 
For additional information on these types and the complete line of 
RCA transisters, contact your RCA field representative at the field 
office nearest you. For technical data on RCA POWER TRANSIS
TORS listed above, write RCA Commercial Engineering, Section 
G-18-NN-1, Somerville, N. J.

At mounting-flange temperature of 80 C

MAXIMUM RATINGS TYPICAL OPER>won*

Typo

Collector* 
Dissipation 

Watts

Peak 
Collector— 

to Base
Volts

Peak 
Collector 
Current 
Amperes

Class X Service Class B Service

Max.-Sig. 
Power 
Output 
Watts

Power 
Gain 

db

Max.-Sig.
Power Output 
(2 transistors) 

Watts

2N301 11 —40 —3 5
33 

at 5 watt, 12

2N301-A 11 —60 —3 5 33 
at 5 watts 12

2N17Ó 10 —40 —3 2 35.5 -

2N351 10 -40 -3 4 33.5 -

2N376 10 —40 —3 4 35 -
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