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hp 5212A, 300 KC 

COUNTERS! 
sensitivity! Higher sampling rate! Unique low fre-
quency accuracy! Operation —20° to +65° C! Prices 
comparable to vacuum tube counters! 

Measurement Frequency Measurement Ratio Measurement 

Reads in 
Periods 
Averaged Range Accuracy Reads In 

Gate 
Time Reads Range Accuracy Price 

Millisec-
onds with 
positioned 
decimal 

Mliii-
;econds or 
microsec-
Drids with 
positioned 
decimal 

1, 10, 
102, 103, 
104, 105 

2 cps 
to 

300 KC 

2 cps 
to 

1.2 MC 

-± 1 count 
time 

base 
accuracy 

KC 
with 

positioned 
decimal 

10, 1, 
0.1, 0.01 

sec. 

X 
period 

multiplier 

fl:100 cps 
to 

300 KC 
(1 y rms into 
1,000 ohms) 
f.>: same as 

period 

fi: 100 cps 
to 

1.2 MC 
(1 y rms into 
500 ohms) 
same as 
period 

±- 1 count 
of fi ±-
trigger 
error of 

$ 975.00 

1,175.00 

1,300.00 

1,550.00 

curacy in lower frequency ranges, even for noisy sig-
nals. Self-check is provided for both frequency and 
period measurement modes. 

Only 3%" high, these counters are housed in the 
new e modular cabinets ideal for both bench use and 
easy rack mounting. Routine maintenance is simple 
with snap-out decade/readout units and circuit cards. 
Readout drive directly from photoconductors elimi-
nates a complete stage of complex circuitry, to effect 
genuine cost and reliability advantages. Compact 
design and construction and servicing ease are illus-
trated at the left. 

#  HEWLETT-PACKARD COMPANY 

Solid state design and construction gives you the 
advantages of low heat dissipation with minor heating 
effect on adjacent equipment, fast warm-up, low 
power consumption and new standards of reliability. 
The new counters include a four-line BCD code 

output. This output, with assigned weights of 1-2-2-4, 
is available for systems use or to operate devices such 
as the e 562A Digital Recorder. Front panel con-
trols include Input Attenuation, Display, Reset and 
Function. 

Call or write your 4e representative or call us to-
day for information and a demonstration! 

Data subject to change without notice. Prices f.o.b. factory. 

1081A Page Mill Road 
Cable "HEWPACK" 

Palo Alto, California, U.S.A. 
D Avenport 6-7000 

Sales representatives in all principal areas 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 
Cable "HEWPACKSA" 
Geneva, Switzerland 

Tel. No. (022) 26. 43. 86 



Easier reading continuous display 

Higher sampling rate 

Multi-period average 

Wide temperature range 

Low-frequency accuracy 

Versatile new modular design 

Measurement flexibility, moderate cost 

IN 4 NEW 
SOLID STATE 

COUNTERS! 

I 7 4 7 I 

Turn the page to learn about new measuring convenience, dependability from 



a pleasure 

to measure 

with these... 

(Ë 5532A, 1.2 MC 

5512A, 300 KC 

4 N EW 
SOLID STATE 

Measure frequency, period, ratio, quickly, accurately. 
Compact, easy-to-use instruments provide continuous 
display, no "blinking"! Solid-state dependability! 0.1 volt 

All the advantages of solid-state design are now yours 
in these new (le solid state counters—offered at prices 
comparable to those of today's vacuum tube count-
ers. And you get the plus advantages of greater read-
ability, faster measurements, easier routine mainte-
nance, rack-and-stack convenience of the new e 
universal module instrument cabinets. 

Offered in four models, these new counters have 
maximum counting rates of 300 KC or 1.2 MC, with 
a choice of Nixie or columnar readouts. The high-
intensity neon readouts are stacked in compact col-
tunns for faster, easier reading. On the in-line read-
outs, e -pioneered standard incorporation of the new 
long-life, wide-viewing Nixies gives you many extra 
hours of lamp life and heretofore unknown read-
ability even at extreme angles. Polarized screen pro-
vides maximum readout brilliance with freedom from 
reflections. 
A unique display storage feature of these new 

counters produces a continuous visual readout of the 
most recent measurement, even while the instrument 
is making a new measurement. Only if the new count 
differs from the previous count will the display 
change, in which case it will shift directly to the new 
reading. The fatigue and error possibility of a "blink-
ing" display is eliminated. The storage feature may 
be disabled with a rear panel switch. 
The counter's "inactive time" (when not making 

a new measurement) is independent of gate time 
and adjustable from 0.2 to 5.0 seconds, thus permit-
ting a higher sampling rate. 

Counter 

Max. 
Counting 

Rate 
Regis-
tration 

Period 

Range 

. 

Accuracy 

5212A 300 KC 
5 

digits 
columnar 

2 cps to 10 
KC in single 
period; up 
to 300 KC 
in multiple 

period 
average 

± 10 As ±-
time base 
accuracy 
--t trigger 
error/ 
periods 
averaged 

5512A 300 KC 
5 

digits 
Nixie 

5232A 1.2 MC 
6 

digits 
columnar 

2 cps to 10 
KC in single 
period; up 
to 1 MC in 
multiple 
period 
average 

-± 1 As -± 
time base 
accuracy 
-±: trigger 
error/ 
periods 
averaged 

5532A 1.2 MC 
6 

digits 
Nixie 

High sensitivity permits low level measurement 
without accessories, and multiple period average 
measurement (to 100,000 periods) gives higher ac-

Note clean, compact, easy-to-service physical arrangement of 
new oe solid-state counters. 
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PAPER PEACOCK 

Sweetest word 

in the office heard 

"that Ozalid paper's 

a colorful bird." 

The peacock, they tell us, flaunts color to win attention. (From lady peacocks, we presume). You, too, can attract attention 

with color. But in a more businesslike way. With Ozalid Sensitized Papers you can color-code any engineering or business 

system. Speed and simplify paperwork. Eliminate routing errors. Make sure important or top secret documents get instant 

action when needed. In engineering, for example, "blueprints" no longer need be blue. 

Office systems—production contro., order-invoicing, income tax returns—can be coded 

by function, status, time or destination. Sales bulletins, charts, graphs, presentations 

can be brightened ...made more effective by color. Want to simplify, error-proof your 

office system? Show your colors! Our booklet"Color 

says so much . . . so much faster" tells you how. CD ZALI  
Send for it today. Ozalid, Dept. 184, Johnson City, N.Y.  WE REPE AT  

Colored Papers speed communication, cut overhead. 12 eye-catching stocks for dry Ozalid and•semi-dry 

Ozafax machines. Remember: for best results from Ozalid Whiteprinters use:Ozalid Paper and Ozalid 

Supplies...we repeat; use Ozalid Paper and Ozalid Supplies. DIVISION OF GENERAL ANILINE 8, FILM CORPORATION 

CDZAL.IED 
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SERIES 772 
SIGNAL SOURCES 

Single control tuning 

± 1% frequency accuracy 

Pulse or square wave modulation, internal 

or external 

10 mw to 100 mw max. CW power output 

Regulated internal power supply 

Truly unique in the industry, the fi5 family of 
signal sources provides full coverage from 0.95 
KMC through 11.0 KMC. Power output is more 
than ample for most test requirements. The 
sources provide for the use of internal or external 
modulation, either pulse or square wave, or ex-
ternal FM. Design features include an internal, 
regulated power supply and frequency tuning dial 
accuracy of ±1% throughout the range. This fre-
quency tuning accuracy is always assured by 
automatic variation of the klystron reflector voltage 
simultaneous with positioning of a broadband, non-
contacting tuning plunger within the oscillator cav-
ity. Each model is a compact self-contained unit 
ready for laboratory or field use. 

PRECISION MICROWAVE EQUIPMENT 

4 MODELS COVER 
RANGES FROM 
0.95 KMC TO 11.0 KMC 

MODULATED AND CW 

AMPLE POWER FOR NORMAL, 
REQUIREMENTS 

DELIVERY FROM STOCK 

MODEL L772A 
MODEL 57728 
MODEL C772A 
MODEL X772A 

FREQUENCY ACCURACY 

POWER OUTPUT 

MODULATED 
OUTPUTS 

EXTERNAL 
MODULATION 
REQUIREMENTS 

CONNECTORS 

POWER REQUIREMENTS 

DIMENSIONS 

NET WEIGHT 

FREQUENCY RANGES 

0.95 to 2.0 KMC 
1.9 to 4.0 KMC 
3.95 to 8.2 KMC 
7.0 to 11.0 KMC 

PRICE 

$1340. 
$1340. 
$1340. 
$1340. 

:4-1%, all models 

10 mw to 100 mw max CW output power vari-
able by front panel control through use of an 
internal level-set attenuator 

Internal: CW, pulse or square wave 
External: Pulse, square wave or FM 

Pulse: positive pulse of 30 v. amplitude across 
100 K ohms. Pulse width from 1 microsecond 
to square wave 

Reflector: sine wave or sawtooth FM, sensi-
tivity from 100 to 200 kc/v 

RF Output—Type N jack 
External Pulse—Type BNC jack 
Reflector Modulation—Type BNC jack 

115/230 v. AC, 50 or 60 cycles, 150 w. 

11" high x 16" wide x 15" deep 

45 lbs. 

FXR OFFICES IF. NEW YORK • BOSTON • LOS ANGELES 
REPRESENTATIVES IN ALL MAJOR CITIES THROUGHOUT THE WORLD. 

FXR, Inc. 
• 

25-26 50th STREET RA. 1-9000 
WOODSIDE 77, N. Y. TwX: NY 43745 

HIGH-POWER PULSE MODULATORS HIGH-VOLTAGE POWER SUPPLIES ELECTRONIC TEST EQUIPMENT 
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CROSSTALK 

SPECIAL REPORT. The conference photographed above took place some 
weeks ago. But you can tune in on it next week by reading Chief Editor 
MacDonald's special report about "Electronics In Europe". 

The picture was taken at Siemens in Germany, where MacDonald (fifth 
from right) had a lengthy talk with the company's top engineers and 
executives. 

This scene was duplicated time and again as he visited scores of plants, 
talked with hundreds of industrialists, picked up novel schematic dia-
grams and informative photographs, and lived—day and night—with 
electronics in Europe. 

HARMFUL PATENT LEGISLATION. The subcommittee on patents, copyrights 
and trademarks of the Senate Committee on the Judiciary is currently 
considering two bills which could do a great deal of harm to the elec-
tronics industry—and might just backfire on the government as well. 
The two bills (S. 1084 and S. 1176) are sponsored by John L. McClellan 

(D., Ark.), who is chairman of the subcommittee, and Russell B. Long 
(D., La.). They have the common aim of requiring federal agencies to 
take title to patents on any inventions developed in the performance of 
government contracts. Senator Long's S. 1176 is the more extreme bill; 
it would jeopardize the rights of the inventor to any invention made dur-
ing the term of a contract, whether the invention was related to contract 
performance or not, since judgment of the relationship between an inven-
tion and a contract would be at the discretion of an Administrator of 
Federal Inventions. 

The clear injustice of the proposed legislation is that it can grant 
to the government property for which the government has not paid. 
Federal agencies rarely contract for an invention; they usually contract 
for goods or services. In these cases, if inventions are made by a 
supplier to provide the goods or services more efficiently, that is con-
tractually none of the government's business; in the philosophical sense 
of the word, it is an accident. Throughout the long history of letters 
patent, they have traditionally been privately held, although sometimes 
assigned to corporate or public entities. 

Reaction to the proposed legislation so far indicates that the govern-
ment could hurt itself by being thus acquisitive. Some British firms (see 
Electronics Newsletter, p 12, May 19) have already indicated that they 
will hesitate to take on projects in which they may be working for the 
U. S. government—as in NATO contracts, for instance. Undoubtedly 
there will be U. S. companies who will react identically. The result may 
be a net reduction in the brainpower and manpower made available to 
federal agencies. 

It would be healthier if this legislation were killed before it emerged 
from its committee hearings. If our republic is to be based on free enter-
prise, this keystone of free enterprise—the right to own and exploit the 
product of one's inventiveness—must be kept safe. Your senators should 
be speedily informed of your reaction to these bills. 

4 
CIRCLE 5 ON READER SERVICE CARD ›-



unmiummumummummumi, amiumr A••_i 
muummunimmummiumr au. auurllull 

Ill P' ma« anuorm 
1P -'1411111,11111 BIM 

'411111 
luram 

"Al 
Mal 
IPAIII 
Ill 
Ill 

BIM 

till 
BEM 

/MUM 
An111111111 
Am Il 

.4animumn 

1111111111111MIMITWAIVÀIIVAMIPAZFAIIMMIIIII111 
M111111111111111111111111111FAIPAIIIVAIWAVAIEFAIIMUNIIIIIIIIII 
BIBM111111111111•111FAVAIIIIPAIWAWAIIIMMINIAMIMIll 
umminnummtanâmedunimeràimminummi 
inimmoritriimIdipnanwniiirràdimmmunimilimi 

RELIABILITY 

New Raytheon Frame Grid Subminiatures 

CHARACTERISTICS AND TYPICAL OPERATION 

CK7791 CK7795 

HEATER VOLTAGE 6.3 Volis 6.3 Volts 
HEATER CURRENT 0.3 AMDS 0.3 Amps 

KATE VOLTAGE 100 Volts 150 Volts 

GRID #2 VOLTAGE 150 Volts 

CATHODE BIAS 
RESISTANCE 82 Ohms 160 Ohms 

GRID #1 VOLTAGE 0 Volts 0 Volts 

PLATE CURRENT 15 mA 8.0 mA 

GRID #2 CURRENT 2.0 mA 
FLATE RESISTANCE 25 K Ohms 0.1 Meg Ohms 

1RANSCONDUCTANCE 18,000 Amhos 13,000 ,mhos 

AMPLIFICATION 
FACTOR 43 

Ecl for lb = 10 A —6 Volts —6 Volts 

fill the gap with highest Gmilp/size available 

There's no longer any need to sacri-
fice performance and reliability for 
small size. Raytheon frame grid sub-
miniatures now fill your design needs 
with extremely compact tubes of 
higher gain bandwidth product, 
lower noise figure, and greatly in-
creased reliability. Two submin-
iatures with exceptionally high 
transconductance to plate current 
ratios are immediately available. 
The CK7794 is a triode with a 

transconductance of 18,000 gmhos 
at a plate current of 15 mA. The 
CK7795, a sharp cutoff pentode, fea-
tures 13,000 lmhos at 18 mA. Both 
types are precisely fabricated with 
perfect pitch frame grids of high uni-

For Small Order or Prototype Requirements See Your Local Franchised Distributor 

RAYTHEON COMPANY 

formity of spacing and characteris-
tics. Maximum reliability is assured 
through the excellent mechanical 
rigidity of the grid structure. 

Raytheon frame grid subminia-
ture tubes remove the limitations 
imposed upon your designs by tubes 
with conventional grid construction. 
For optimum performance consider 
the many advantages offered by the 
growing line of frame grid tubes 
from Raytheon, leading manufac-
turer of subminiature tubes. 

Full technical data may be 
obtained by writing to: Raytheon, 
Industrial Components Division, 
55 Chapel Street, Newton 58, 
Massachusetts. 

•••1. 
RAYTHEON 

INDUSTRIAL COMPONENTS DIVISION 



NEW!. 

MICROWAVE POWER 
AMPLIFIERS 

AT 

NEW LOW 
PRICES 

krric 
to 

20 kme 
ONE WATT OUTPUT OVER 

MOST OF RANGE IN ONLY 

2 
TWT AMPLIFIERS 

MODEL T601 — 2 to 15 Kmc 

$4,995.00 

MODEL T602 — 10 to 20 Kmc 

$5,690.00 

• FEATURES • 

• Rugged construction 
e Regulated and metered 

power supplies 

• Provision for modulation 

e Cont. adj. gain control 

TYPICAL APPLICATIONS 
INCLUDE: 

• Conversion of low level signal generators 
to high power sources • Efficient har-
monic generator • Antenna pattern 
measurement source • Converts to high 
power oscillator with appropriate adapter 

• Accessory equipment' soon available 

AMER. ELECT. LABS, INC. 

121 N. 7TH ST., PHILADELPHIA 6, PA. 
In Canada contact: Conway Electronic 

Enterprises Regd. Toronto, Canada 

COMMENT 

Computers Today 

I was delighted to receive a copy 
of your special report on computers 

("Computers Today," p 63, Apr. 
28). It certainly contains a wealth 
of information regarding the pres-
ent status of this industry, and sug-
gests the general directions toward 
which we are pushing. Articles 

such as this serve as useful reviews 
for members of the electronic data-
processing industry and for others 
in engineering management who 
wish to stay abreast of dynamic 
technologies. 

E. R. PIORE 
INTERNATIONAL BUSINESS 
MACHINES CORP. 

NEW YORK 

I've just received my copy of the 
April 28 issue of ELECRONICS, and 
in glancing through the feature 
"Computers Today" my first reac-
tion was to compliment you on a 
most comprehensive story. How-
ever, the section on Data Communi-
cation refers to a dozen different 
companies which market data-
transmission systems, but fails to 
mention the Digitronics Dial-o-ver-
ter. The Dial-o-verter system is 
truly functioning hardware; it was 
introduced and demonstrated seven 
months ago. It is transmitting and 
receiving data over the regular 
telephone dial network at the rate 
of 1,000 words per minute, com-
plete with error detecting and cor-
recting facilities. 
The equipment functions with 

any of the business-machine media: 
paper tape, punched cards or mag-
netic tape; it can transmit in one 
medium at one point and have it 
received in another medium at the 
other point—paper tape to magnetic 
tape, punched cards to paper tape, 
and so forth . . . 

LESTER KRUGMAN 
DIGITRONICS CORP. 
ALBERTSON, N.Y. 

There were naturally some as-
pects of the computer technology 
that were not covered as deeply or 
completely as we would have liked. 
Just listing all producers and their 
products would have taken up more 
space than we devoted to the report, 
and would have left us no room for 
the interpretive analysis that we 
set out to do. 

I am writing to tell you that the 
people here at Wellesley's electronic 
data-processing division were very 
much impressed with the special re-
port on computers that appeared 
in the April 28 issue of ELEC-
TRONICS. 

Many of the people here feel that 
this is one of the best undertakings 
of its kind that has ever been 
done . . . 

F. A. W ESTBROOK JR. 
MINNEAPOLIS-HONEYWELL 
REGULATOR CO. 

W ELLESLEY HILLS, MASS. 

Discriminator Without Coupling 

I am working on the subject of a 
discriminator without magnetic 
coupling for an M.Sc. project at 
Israel Institution of Technology. 

In the course of this project, I 
came across the article "Camera 
Control System for Rocket-Sled 
Tests" (p 63, Apr. 1 '60), and had 
difficulty in understanding the ex-
act operation of the discriminator 
included there. 
I would be grateful to you if you 

could refer this to the right people 
in order to get a more detailed ex-
planation of the operation of that 
discriminator. 

JOSEPH SHAPIRA 
TEL AVIV, ISFMEL 

We referred the request to the 
author of the article, who wrote: 
. . . The people who did the work 

on the discriminator adapted the 
circuit from published material. I 
believe the configuration originated 
at RCA, but I am not certain. As a 
suggestion, you might find it helpful 
to redraw the circuit in the form of 
a bridge; this expedient might aid 
in the analysis ... 

FLOYD M. GARDNER 
GARDNER RESEARCH CO. 
ORANGE, CALIF. 

Rectifier Circuits 

I find a drafting error in "Im-
proving Rectifier Circuits," p 88, 
Apr. 7. The filter inductor has been 
omitted from part (F) of the pub-
lished figure. Without it, the cir-
cuit will not work as described. 

G. FRANKLIN MONTGOMERY 
NATIONAL BUREAU OF STANDARDS 
WASHINGTON, D. C. 

The inductor should be between 
the junction of D, and D,. and the 
capacitor. 
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SILICON RECTIFIERS 
Higher ratings in smaller packages ... that's what 

Motorola's new 1N3282 series offers the design en-
gineer for simpler, more reliable circuitry. These all-
new high-voltage glass, silicon rectifiers eliminate the 
need for using several lower-voltage units in series. 
Thus, circuit engineering is easier ... circuits cost 
less ... reliability is increased ... space requirements 
are reduced. 
Packaged in subminiature, hermetically-sealed 

glass packages, these economical new rectifiers offer 
dramatically increased voltage ratings of 1000 to 3000 
PIV, with a current rating of 100 mA (à 25°C, low 
forward voltage drop, and 150°C junction tempera-
ture. Sealed glass packaging accomplished in a 
closely controlled, high pressure gaseous atmosphere, 
provides a high dielectric constant. Being similar in 
size to a IA watt carbon resistor, the 1N3282 series 
is small enough to be ideal for printed circuit design. 

For complete technical information on the 
:N3282 series request data sheet #DS6009 
from your Motorola Semiconductor District 
Office or write: Technical Information Cen-
..er, Department HR, Motorola Semiconductor 
Products Inc., 5005 East McDowell Road, 
Phoenix 10, Arizona. 

June 2, 1961 

RATING SYMBOL 1N3282 1N3283 1N3284 1N3285 1N3286 

Peak Inverse Voltage 
DC or Recurrent 

Ply 1000 1500 2000 2500 3000 

Sine Wave RMS Input Voltage V 700 1050 1400 1750 2100 

Average Half-Wave Rectified 
Forward Current (25°C Ambient) 
mA (I00°C Ambient) 

IF 100 
50 

100 
50 

100 

50 

100 
50 

100 
50 

Peak Forward Current @ 25°C 

(1 Cycle surge. 60 cps) 
(Recurrent) Amps 

kucgii 
I,, 

2.5 
0.50 

2.5 
0.50 

2.5 
0.50 

2.5 
0.50 

2.5 
0.50 

Maximum Ambient Temperature TA °C 150 150 150 150 150 

Immediately Available — Motorola's new 1N3282 series rectifiers are 
available from your Motorola Semiconductor Distributor. 

MOTOROLA DISTRICT OFFICES: 
Belmont, Mass. / Burlingame, Calif. / Chicago / Clifton, N. J. / Dallas 
Dayton / Detroit / Glenside, Pa. / Hollywood / Minneapolis / Orlando, Fla. 
Silver Spring, Md. / Syracuse / Toronto, Canada. 

IMI 
5005 EAST McDOWELL ROAD • PHOENIX 10, ARIZONA 
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MOTOROLA 
Semiconductor Products Inc. 
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the strong case for Centricores 
When you're considering magnetic cores 

it pays to get down to cases. The sturdy 

aluminum case for Centricores assumes 

special importance where impact, vibration, 

heat or mechanical pressure could cause 

trouble in a control loop you're designing, or 

where you want to miniaturize an inductive 

component. 

The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis-
torting the core's magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 

MA GNEIFIC 
E 'FA S 

Here's a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 

Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 

Write for complete data. Centricores are avail-
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 

M AGNETIC NIETAI.ti COMPANY 
Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations , motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields 
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Output Impedance 

Max Input Voltage 

Supply Voltage 

Temperature Range 

Multipurpose Industrial Amplifier 

Typical Characteristics 

Voltage Amplification 40 db (nominal) 

Frequency Response + 3 db from 10 cps 
to 1 mc 

Input Impedance 20K120 1 kc 

less than 50 ohms o Ikc 

80 my (rms) 

10 to 25 volts dc 

—20°C to +100 C 

Versatility— 
The basic amplifier circuit also may be utilized as a sensitive a-c 
voltmeter, tuned amplifier or tuned oscillator simply by employing 
different networks between terminals A and B or C and B. 

24K 3.3flf 
•B 

25VDC 

HOW TO GET 

HIGH TEMPERATURE 

STABILITY AND 

INDUSTRIAL ECONOMY 

With New TI Low-Cost 
Silicon Industrial Transistors... 
You can assure your customers optimum circuit performance 

up to 125°C when you design-in new, low-cost TI silicon indus-

trial transistors. Priced comparable to lower-temperature 

industrial devices, these new TI silicon industrial units provide 

the high performance your industrial designs require. 

Get greater margins of operational safety by applying these 

new silicon industrial transistors to your process control, com-

munication, aviation system, electronic instrumentation, and 

computer applications today. 

CHARACTERISTICS 

DC Beta Range 

I 

TYPE MIN BVcBc, MAX lee() e,t 100°C lab (1YP) ' 

Audio Amplifier 
and Medium-Speed 
rtver Switcher 4 

Audio Amplifier 
Medium-Speed 

Switcher 4 
High-Speed 
Switcher 

RF Amplifier 
(to 40 mc) 

VHF Ampli 
(to 130 mc) 

TI 480 50 I/ 9-36* (a 5 ma 50 pa (o., 30 y 1 mc TI 

TI 481  

TI 482 

80 y 9-36* @ 5 ma 50 pa o 30 y 1 mc TI 

20 I, >20 é 30 & 150 ma 50 pa o 10 vt 60 mc 
. 

I 482 

TI 483 40 y 20-60 @ 150 ma 50 pa o 30 vt 60 mc _TI 483 ' 

.TI 484 . _ .. 

TI 485 . 

TI 484 40 I, 40-120 é 150 ma 50 pa é 30 vt 60 mc 

TI 485 20 y 15-60 g 10 ma 20 pa é 15 vt 200 mc 

nor TI 492 TI 492 

TI 493 

40 v 

40 v 

15-45* é 1 ma 

15-45 g 10 ma 

50 pa o. 30 v 

50 pa (a 20 y 

8 mc 

20 mc TI 493 ' 

TI 494 - 

11 495' . 
TI 494 40 v 40-125 é 10 ma 50 pa o 20 v 20 mc 

TI 495 40 v 120-250 e, 10 ma 50 pa (a 20 v 20 mc 

S u OR 0 Si 
4à, 

. . 
cc >-,•., --i 

4' e ..••• 

1 / VERY • Dgee 
' De 

*AC Beta t1CBO g 125°C 

SEMICONDUCTOR-COMPONENTS 
DIVISION 

PLANTS IN DALLAS, TEXAS 

BEDFORD. ENGLAND 

AND NICE, FRANCE 

1'100 ”a to 20 ma 420 ma to 300 ma 

„5-) TEXAS INSTRUMENTS 
INCORPORATED 
13500 N. CENTRAL EXPRESSWAY 

P. O. BOX 5012 DALLAS 22. TEXAS 
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No leads to unsolder 
Four overlapping Beta Ranges • High meter resolution 
Direct reading with test circuit power off 

• 

New broad range! 

New Sierra 219B 4-rarge Transistor Tester reads Beta directly in the 
circuit; also measures In, Beta out of circul. 

Less downtime and less ianger of damage to transistors under test 
with this new Sierra instrument—battery-operated, light weight, port-
able, easy to use. 

Maintenance, quality contri, iicorning inspec:ion and production 
testing are just a few of the applications where you save time and 
money by testing transistors. eden complete assemblies, without un-
soldering leads. Model 2:9B reads Beta in the circuit, 1 to 120. lc° 
is measured on a straightfc -wa -d basis; collect- potentials of 3, 6 
or 12 vdc may be selected. All controls are ce the front panel ... an 
instrument of convenience, speed, accuracy. 

Write or phone today for in.ror.-7a`ior end demoastret:on. 

SI 

SPECIFICATIONS 

Test ranges 
Beta 1-4, 3-12, 10-40, 30-120* 
¡cc: 0-50, 0 500 ua 

Accuracy 
In circuit: 

Out of circuit: 

Power: 

+20% for external loads over 
500 ohms. 

Improved accuracy above 
500 ohms, usable readings 
below 500 ohms. 
+10% 

Internal battery, mercury or 
zinc-carbon type, 600 hrs. ay. 
life; output indicated on 
front-panel meter. 

Operating 
Temperature: 32 to 149° F 

Size: 9" high, 75/s" wide, 61/2' 
deep, weight, 101/4 lb., 
including batteries. 

Price: $275.00 

*Beta readings to 300 may be 
approximated. 

a SIERRA ELECTRONIC CORPORATION 
A Division of Philco Corporation 

6919A BOHANNON DRiVE DAvenport 6-2060 • MENLO PARK, CALIF., U.S.A. 
Sales representatives in all principal areas. 

Canada- Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver. 
Expart: Frazar & Hansen, Ltd., San Francisco. 6919 
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ELECTRONICS 

Thin-Film Sandwich Produces 

Multiple-Interface Amplifier 

METAL-INTERFACE AMPLIFIER de-
veloped as a new means for achiev-
ing electronic amplification was 
demonstrated last week by sci-
entists of Philco's research center. 
New Philco research v-p Donald 
Fink said "experimental devices 
have been successfully tested, lead-
ing the way to a family of active 
components which theory indicates 
will outclass the transistor in sub-
stantially all respects." 
The MIA is a room-temperature 

thin-film device. Common-emitter 
current gain of about 20 and com-
mon-base current gain of 0.9 have 
been measured. Power gain has not 
been disclosed. In measurements 
of common-emitter current gain 
against frequency, conducted on 
first unit, cutoff occurred at 100 Kc. 
As described by Philco scientists, 

the structure was fabricated by 
evaporation of aluminum film about 
100 angstroms thick on the etched 
surface of a 1 ohm-cm n-type of 
germanium. A 20-A oxide film was 
then formed on the surface of the 
aluminum film, and a gold film 
evaporated over the oxide to serve 
as the electron source. 

Another series of Philco experi-
ments is studying the use of electro-
quenchable phosphors for displays. 
Devices are made of doped sulfides, 
would be subjected to ultraviolet 
radiation and then selectively 
quenched by application of a few 
volts of d-c to selected areas. Elec-
trical contacts have been developed 
that are said to be thin, highly con-
ductive, and capable of being de-
posited on phosphor film with high 
definition. Crosstalk between chan-
nels is low, indicating that high 
packing densities are possible. 

Davis Reelected President 

Of Industry Association 

ELECTRONICS INDUSTRIES Associa-
tion board of directors, meeting in 
Chicago at the close of the 37th 
Annual EIA Convention last Fri-
day, reelected L. Berkley Davis, a 
GE vice president, as president. 

NEWSLETTER 

L. F. Muter, president of the Muter 
Co., was named to his 26th term as 
treasurer. Also reelected were: 
James D. Seacrest, executive vice 
president; John B. Olverson, gen-
eral counsel; Robert S. Bell of 
Packard-Bell, senior vice presi-
dent; Sidney R. Curtis, General 
Dynamics/Electronics, vice presi-
dent; Ben Adler, Adler Electronics, 
vice president; and W. S. Parson, 
Centralab division of Globe Union, 
vice president. George W. Keown, 
a Tung-sol vice president was 
elected to his first term as EIA vice 
president. 

Inspection Satellite May Orbit 

In Two Years, Air Force Says 

AIR FORCE is now officially saying it 
may have its SAINT (satellite in-
spection) satellite operating within 
"a couple of years." The SAINT 
is one of three or four programs 
designed to orbit a satellite for 
tracking down and possibly destroy-
ing hostile satellite vehicles. 
SAINT will weigh between one 

and two tons, will go aloft on an 
Atlas-Agena B booster. It is de-
signed to home on other satellites 
by radar and inspect them with a 
small television camera. 
Navy is working on two similar 

countersatellites. One program, 
dubbed Dog Leg, would use a small 
nuclear charge to destroy satellites. 
The other, called Notsink, would 
launch a countersatellite from high-
flying aircraft. Advanced Research 
Projects Agency is also believed to 
be considering a countersatellite 
called Somnium. 

Budget Increases Favor 

Space, Limited-War Arms 

ADMINISTRATION REQUESTS for in-
creased spending authority last 
week stressed conventional arms 
and equipment on the one hand, and 
space exploration on the other. 

Pentagon's pending appropria-
tion request for Army procurement 
was boosted $100 million to speed 
up modernization of combat units. 
Defense Department also reshuffled 
its procurement plans by setting 

aside another $100 million to buy 
tactical equipment for guerrila and 
other limited-war military forces. 
Much of this money will go for ad-
vanced types of long-range radio 
gear. $1,885 million was asked for 
the Military Assistance Program. 
To get a man on the moon before 

1970 will cost an additional $531 
million this year and $7 to $9 billion 
more over the next five years, the 
President said. 

Highlights of proposals for addi-
tional appropriations for 1962 in-
cluded $376 million for R&D and 
$143 million for construction. The 
R&D money includes $130 million 
for the three-man Apollo space-
craft; $56 million for lunar and 
planetary exploration; $50 million 
for communications satellites; $75 
million for weather satellites ($22 
million of this goes to NASA to 
keep the Tiros satellite going up 
until the high altitude Nimbus is 
ready, and $53 million to the 
Weather Bureau for operational 
ground systems to support Tiros) ; 
$8 million for scientific satellites; 
$12 million for launch vehicles and 
orbital rendezvous studies; $15 mil-
lion for liquid propulsion; $48i mil-
lion for airframe design for the 
1i-million-pound-thrust F-1 engine; 
and $30 million for the Rover nu-
clear rocket. 
The $143 million for construction 

and facilities includes $5 million 
for tracking stations; $28 million 
for Nova launch facilities develop-
ment; $60 million for a new manned 
space flight lab. Also proposed: 
NASA hire 3,300 more employees. 

Garnet Oscillator Developed 

As Frequency Translator 

GARNET OSCILLATOR developed at the 
USAF Cambridge Research Labs 
generates pulsed microwave in the 
millimeter band from lower fre-
quency inputs. Unlike a maser, the 
device operates at room tempera-
ture. Air Force thinks of it as a 
frequency translator rather than 
an amplifier. Oscillator design is 
based on the physics of electron 
spin coupled with magnetic field 
effects, rather than on the shift in 
energy levels. 
The device was developed by F. C. 

Morgenthaler and M. Stiglitz; their 
design has been adopted by Stan-
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ford Research Institute scientists, 
who have built an oscillator to con-
vert S band inputs to 60-Ge outputs. 
Inventors told ELECTRONICS that 
there is no theoretical limit to out-
put frequency, but the design of 
the cavity and other parameters 
set practical engineering limits. 

In the first models, yttrium iron 
was used as a cavity material. Low-
power r-f is used to start the spin. 
Pulsed currents are sent through 
a coil surrounding the cavity. The 
output frequency varies with the 
strength of the magnetic field which 
biases the cavity to resonance. 

Favor Mercury. Funds 

For Booster Development 

MINORITY VOICE on the importance 
of Mercury and other astronaut 
programs was heard in Chicago 
last week. C. Stark Draper, head 
of MIT's instrumentation lab, com-
mented at the National Telemeter-
ing Conference that funds now be-
ing channeled into repetitions of 
Alan Shephard's flight would be 
more scientifically useful in pro-
ducing giant boosters of the type 
that already exist in the Soviet 
Union, for future Saturn, Nova and 
other U. S. space programs. 
He noted that Shepard's ride 

gave the U. S. taxpayers a psycho-
logical lift that was valuable, but 
that the U. S. should bypass present 
plans to put six or seven more 
astronauts through similar flights. 
Instead, the U. S. should develop 
craft capable of carrying crews of 
men, able to move around, make de-
cisions and operate controls. 

Telemetry Conference 

Discusses European Systems 

NATIONAL Telemetering Conference 
held last week in Chicago included 
a workshop on Telemetry in Europe 
at which latest uses of telemetering 
systems in seven European coun-
tries were discussed. 

G. Y. Fokkinga, Amsterdam, de-
scribed a gyrostabilized system to 
measure movements of the tides 
and height and frequency of waves. 
System puts out 2 w on 158 Mc 
from the open sea, is augmented by 
a 170-Mc stakeout closer to shore 
to warn of possible floods. Nether-

lands engineers have also devel-
oped an optical reducer for de-
multiplexing telemetered informa-
tion from positive copy recorded 
on 35-mm film. 

Italian distance-measuring equip-
ment which integrates many time 
delays reduces error of usual radar-
type system, says F. A. Pentini of 
Rome. A. E. Dorsimont, Brussels, 
described a solid-state pulse-coded 
railroad security system using a 
two-counter matrix decoder. He 
also discussed a radioastronomy ef-
fort to sample hundreds of discrete 
points on the solar surface and also 
to measure temperatures on rock-
ets in flight. 

Most United Kingdom effort is 
concentrated on prototype aircraft 
and pilotless target craft for test-
ing missiles, according to A. Cowie, 
London. UK uses eight conven-
tional f-m/f-m subcarriers at about 
400 Mc. With 10 Mc being sliced 
from the band in 1962, crystal fre-
quency controls will be needed, 
Cowie said. 

Satellite Communications 

Said to Be Worth High Cost 

FIRST GENERATION communications 
satellite system to be launched by 
the U. S. within the next five years 
will cost $250 million, including 
ground network and maintenance, 
over the following decade—but it'll 
be worth it. So said vice-president 
G. Mueller of Space Technology 
Labs at the Globecom V symposium 
luncheon in Chicago last Wednes-
day. 

Mueller said that the system will 
help meet the need for trunkline 
communications, expected to expand 
an order of magnitude over the 
next decade, at a thirtieth the cost 
of equivalent cable service today. 
Future improvements in cables may 
reduce the satellite advantage to 
one third cable cost. First half 
dozen or so satellites will resemble 
Advent, fitted with solar cells and 
storage batteries for active relay 
in the 1-to-10-Gc range. 

Air Agency Starts 

New Control Center 

FEDERAL AVIATION Agency starts 
work tomorrow on a new air-route 

traffic-control center for its North-
east Region. The center will be 
built on a 14-acre tract in Nashua, 
N. H., taking over control opera-
tions now located at Logan Inter-
national Airport, Boston. Centers 
will have two of Librascope's air-
traffic control computers, one opera-
tional and one standing by. Flight-
strip printer and loader are under 
development for the new center. 
Microwave system will be installed 
to relay flight data from FAA ra-
dars 40 miles away in Winthrop, 
Mass. 
FAA also announced last week 

that joint use of long-range radar 
by the air agency and the U. S. Air 
Force Air Defense Command has 
saved more than $15 million in 
equipment costs since 1957. The 
joint use program, first suggested 
by the Congress several years ago, 
adapts long-range equipment to 
serve functions of both users. Fif-
teen radars are now in joint use, 
each saving about $1 million in es-
tablishment costs. Present pro-
grams call for 33 more systems to 
be used jointly by December, 1963; 
17 will be FAA radars, 13 will be 
ADC systems, and the other three 
will be radars of other Air Force 
organizations. 

Japan May Abandon 

Parametron Computers 

JAPAN'S computer industry may be 
abandoning its reliance on the pa-
rametron as a basic computer ele-
ment. In a recent article in the 
Nihon Keizai (Tokyo's leading 
business newspaper), a government 
scientist commented that the capa-
bilities of the human brain could 
be more easily approached by in-
creasing the speed rather than the 
population of elements. In discuss-
ing this, he noted that tunnel diodes 
and parametrons in the microwave 
range, which share high-speed ca-
pability, are both two-terminal de-
vices needing special circuits to en-
sure unilateral signal propagation. 
This fact, he said, was causing re-
newed interest in transistors, espe-
cially in high-speed mesa units 
with the prospect of 10-nanosecond 
cycle times. 
The scientist, M. Takahashi, was 

advisor to Eiichi Goto when Goto 
developed the parametron. 
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INTRODUCING LIBRASCOPE'S ELECTRONIC DIGILOG*-1011 
FOR VOLTAGE-TO-DIGITAL/DIGITAL-TO-VOLTAGE CONVERSIONS 

Use it as a precision input unit with computers, data loggers, storage units and other instrumentation. Use 
it wherever conversions must be fast and accurate. For the DIGILOG-1011 performs up to 5,000 voltage-
to-digital conversions per second, 100,000 digital-to-voltage per second. Digital output is 10 bits plus sign 
in binary and octal code, and may be serial or parallel. DIGILOG-1011's low-density component packaging 
results in solid-state circuitry offering exceptional reliability and life expectancy, and low initial cost. 
DIGILOG-1011 accepts inputs in these full-scale ranges: -±1.023v, ±-10.23v, ±-102.3v. Accuracy is -±0.03% 
:_+-_1/2 bit, and stability is -±-0.03%. Input resolution: 1 mv minimum. For technical details on the DIGILOG-1011, 
write or call Librascope today. * TRACIEPIARK, GENERAL PRECISION. INC. 

rLI 
emeüe[kg 

ILIESRASCOF•E: [DIVISION I GENERAL PRECISION INC.. GLENDALE 1. CALIFORNIA 
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BARNSTEAD 
FOUR-STAGE-IN-ONE 
CLEANING STATION 
PROVIDES ULTIMATE 
CLEANING FOR 
ELECTRONIC 
COMPONENTS 

The New Barnstead Four-Stage-In-One 
Cleaning Station . . . washes and rinses 
small electronic parts and components in 
one protected area. A chemical rinse is 
provided for surface etching, an ultrasonic 
bath for dislodging particles, a freon bath 
for degreasing, and ultra-pure hot distilled 
water for removal of trace elements. 

This new cleaning station by Barnstead, 
combines all cleaning operations within a 
small, compact, dust-free area eliminating 
the expense and attendant problems caused 
by maintaining several dispersed "clean" 
areas. Since the possibility of re-contamina-
tion in handling and transporting is elimi-
nated, transistors, diodes, crystals, and 
other components are cleaned more thor-
oughly — eliminating rejects. 

Because the freon and Distilled Water 
stages are regenerative, substantial savings 
are also realized. The work area is enclosed 
by a plexiglas hood with a constant stream 
of purified air passing through the area. 
Nozzles extending through the station 
walls may be used to bring nitrogen and 
other gases into the chamber for final 
drying of components. 
The hot water rinsing system provides 

a three-compartment, ultra-pure hot water 
cascading rinse. Final rinse has electrical 
resistance of 15-18 megohms and is free 
of organics, inorganics, and particulate 
matter. A three-gallon per hour Barnstead 
Still provides makeup water. Freshly dis-
tilled freon is continuously fed into the 
freon chamber. After cleaning it overflows 
into a freon recovery Still where it is 
repurified. 
Thus, in one station, at one location, 

all operations are combined under the 
most ideal conditions . . . reducing han-
dling, waste motions, and setting higher 
quality standards. Write for literature today. 

fflarristea 
STII.L AND STERILIZIElt CO. 

84 Lanesyille Terrace, Boston 31, Mass. 

WASHINGTON OUTLOOK 

THE LABOR DEPT. has set a tentative minimum wage of $1.23 an hour 
for production workers in plants producing electronic component parts 
for sale to the government. This is the second minimum pay rate 
established for the electronics industry under the Walsh-Healey Public 
Contracts Act. The law authorizes the determination of minimum wages 
for employees working on government supply contracts of at least $10,000. 
An earlier determination was made for electron tubes; another case is 
pending for electronic end-items. 

(Note too that the Kennedy administration's newly-passed $1.25 mini-
mum wage law goes into effect in September. At that time, those pres-
ently covered by $1 minimum will be raised to $1.15 for a two-year period, 
going to $1.25 in Sept., 1963. Walsh-Healey determination would go into 
effect much sooner than that at the $1.23 figure.) 

The Labor Dept. based the tentative decision on a wage survey of 
the industry made in October 1958. EIA has challenged the tentative 
ruling, claims $1 is a more widely paid minimum rate in the industry. 
Labor union interpretation of the wage data is that $1.24 to $1.25 is 
the prevailing minimum rate. 

Producers can file for exceptions to the tentative rate until June 13. 
A final ruling will be made in mid-July. The case covers "those parts of 
an electric end product which affect the current characteristics within 
its circuit . . . " Examples: resistors, capacitors, relays, connectors, 
switches, transformers, coils, reactors, chokes, inductors, vibrators, filters. 
Government purchases of these products run about $75 million annually. 

The components industry includes about 65,000 production workers 
employed in 450 plants with at least eight persons each. 

CONGRESS wants the Air Force to continue production of manned bombers, 
preferably the B-52. Present schedules call for phasing out production 
of both Convair B-58 medium and Boeing B-52 heavy bombers in 1962; 
neither the Eisenhower nor Kennedy defense budgets earmark new funds 
for additional procurement. 

But in voting a $12.5-billion authorization bill for procurement of air-
craft, missiles and naval vessels, the Senate tacked on authority to buy 
$525-million worth of strategic bombers—or another wing of 45 planes. 
The House okayed an additional $337 million for bomber aircraft. 
So far, there's no sign of what the Pentagon would do with additional 

bomber money, assuming an appropriation bill is voted to back up the 
authorization. For the first time, military procurement is going through 
two legislative cycles this year: first, an authorization bill, then the regu-
lar appropriation legislation. 

Many lawmakers feel the Defense Dept. is making the strategic transi-
tion from bombers to ICBMs too rapidly. The innate conservatism of con-
gressional defense experts, Sen. Richard Russell (D., Ga.), chairman of 
the Senate Armed Services Committee, for example, shows up in his talk 
that while manned bombers are proven weapon systems, the reliability of 
ICBMs is still an uncertain factor. 

There are many Air Force leaders who would like to buy more B-52s. 
The new Chief of Staff, Gen. Curtis Lemay for instance, has been plump-
ing for greater bomber production ever since he commanded SAC. 

FOR YEARS, congressional small business proponents have demanded that 
the Pentagon increase the volume of advertised bidding on procurement 
and cut the rate of negotiated contracting. They said this would afford 
small business a bigger chunk of defense orders. 

But Sen. Henry Jackson (D., Wash.) has released a University of Wash-
ington study, financed by AIA, which shows that the overwhelming 
majority of small defense contractors prefer negotiated procurement. The 
survey covered over 1,000 firms. About 90 percent of them said negotiated 
contracting is more profitable for suppliers, affords greater protection 
of proprietory data, and favors neither large nor small suppliers. 
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Join the Minutemen of Space Technology Leadership 

MINUTEMAN 
In 1957, the Air Force Ballistic Missile Division, now the 

Ballistic Systems Division, awarded Space Technology 
Laboratories, Inc. a contract to study the feasibility of 
a solid propellant, multi-stage Intercontinental Ballistic 
Missile. When that study demonstrated that such a 
missile system was technically feasible, STL was 
awarded a contract to provide systems engineering and 

technical direction for the program to bring the system 

into being. 
Design criteria for the system and its subsystems 

were prepared by STL as a member of the industry 
team which, under the leadership of the former Air 
Force Ballistic Missile Division, set about the task of 
creating the Minuteman system. Guided by the principle 
of concurrency and spurred on by the same apprecia-
tion of urgency which marked the development of those 
other Air Force weapon systems in which STL performed 
systems engineering and technical direction — Atlas, 
Thor and Titan — this industry team met the rigorous 
time schedule established for the program. The first 

captive test of the missile was made on 15 September 

1959, the exact date scheduled eighteen months earlier. 
The dramatically successful first flight test at Cape 

Canaveral on 1 February 1961 occurred within weeks 

of the programmed date. 
The Minutemen of STL are proud of their role in the 

development of the Minuteman system, and of their 
association in that program with: Boeing Airplane Co. 
(assembly and test); Autonetics Division of North 
American Aviation (guidance and control); Thiokol 
Chemical Corp., Aerojet General, and Hercules Powder 

Co. (propulsion); and Avco Corp. (re-entry vehicle). 
Minuteman has passed its first research and develop-

ment flight test. Ahead lies the work of completing the 
ground system and missile development, and of bring-

ing the system to operational readiness. These tasks 
require qualified engineers and scientists to augment 
STL's Minuteman team in both Southern California and 

Cape Canaveral. Those capable of contributing to this 
important program in Space Technology Leadership are 
invited to write Dr. R. C. Potter, Manager of Professional 
Placement and Development, at either location. 

SPACE TECHNOLOGY LABORATORIES, INC. P. O. BOX 95005J LOS ANGELES 45, CALIFORNIA 

o subsidiary of Thompson Romo Wooldridge Inc. 

Los Angeles • Santa Maria • Cape Canaveral • Washington, D. C. 

P. O. BOX 4277J PATRICK AFB, FLORIDA 

Boston • Dayton • Huntsville • Edwards AFB • Canoga Park • Hawaii 

June 2, 1961 

All qualified applicants considered regardless of race, creed, color, or national origin. 
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VERSATIL 
Multi-channel--telegraph Al or telephone A3 

STABLE 
High stability (.003%) under normal operating conditions 

RUGGED 
Components conservatively rated. Completely tropicalized 

içte 

E 

Here's the ideal general-purpose high frequency trans-
mitter! Model 446, suitable for point-to-point or ground-
to-air communication. Can be remotely located from 
operating position. Coaxial fittings to accept frequency 
shift signals. 

This transmitter operates on 4 crystal-controlled 
frequencies (plus 2 closely spaced frequencies) in the 
band 2.5-24.0 Mcs (1.6-2.5 Mcs available). Operates 
on one frequency at a time; channeling time 2 seconds. 
Carrier power 350 watts, Al or A3. Stability .003%. 
Nominal 220 volt, 50/60 cycle supply. Conservatively 
rated, sturdily constructed. Complete technical data 
on request. 

Now! Complete-package, 192 channel, H.F., 75 lb. 
airborne communications equipment by Aer-O-Com! 
Write us today for details! 

AER - - COM 
3090 5. W. 37th AVENUE 

A.131 

MIAMI 33, FLORIDA 
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PSI REFERENCE ZENERS 
...an order of magnitude 

GREATER STABILITY! 

• Stability to .001% 

• Temperature Coefficient to .0005% 

e Voltage tolerance to 1% 

• Absolutely non position-sensitive! 

1N430 1N430A and 46 other types 

PS1171 thru PS1177A 

1.5V to 3.0V 

1N430 - 1N430A 

8.4 Avg. 

1N2765 thru 1N2770A 

6V to 40.8V 

PS1421 thru PS1426A 

3.3V to 5.2V 

PS1511 thru PS1517 
10V Avg. 

PS1501 thru PS1510 
8.4V to 80V 

WIRE-IN 
TYPES FOR 
PRINTED 
CIRCUITS 

After a 125°C, 1000 hour life test PSI Reference Zener 
diodes have demonstrated stability of better than .001% 
or ten parts per million. 

PSI silicon Zeners have been used as stable references 
in precision voltmeters for more than two years 
with no recalibration needed. Stability of two parts 
per million or .0002% is frequently reported. 

This is an order of magnitude better than any 
competitive Reference Zener available today! 

For full details, prices, delivery schedules, and quotations 
on special designs, contact a PSI field office near you. 

Pacific Semiconductors, Inc. 
12955 Chadron Avenue, Hawthorne, California 

A A SUBSIDIARY OF TFIOMPSON RAMO WOOLDRIDGE INC. 
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Milestones in Engineering 
When the sword was still the basic personal 

weapon, military swordsmen from all parts of 

the world converged upon Toledo, Spain, for 

the finest swords—the famed "Toledo blades." 

Soldiers whose very lives depended as much 

upon the quality of their weapons as upon their 

personal skill would settle for nothing less than 
the very best. 

This first application of the principle of "Mil 

Spec" buying has been refined and tightened 

until, today, components intended for use in 

military equipment must be designed and built 

to meet the most exacting specifications, pass 

the most demanding tests, satisfy the most 
rigid requirements. 

North Electric "240" 4 pole and "260" 6 pole sub-miniature sealed 
relays are precision designed and engineered to obtain maximum 
switching circuits in minimum space and meet specifications of 
MIL R-5757D at a breakthrough in price! 

These heavy duty relays, which incorporate precision balanced 
rotary motors to withstand shock tests of 50 Gs and vibration tests 
of 1000 cps at 10 Gs, have a life expectancy in excess of 100,000 
operations at rated load. 

Continuous testing for over two years assures superior perform-
ance and maximum reliability in rigorous airborne and missile and 
industrial applications. For detailed specifications, write 

ELECTRONETICS DIVISION 

NORTH ELECTRIC COMPANY 
146 S. MARKET ST., GALION, OHIO 

18 CIRCLE 18 ON READER SERVICE CARD 
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This label speeds styles from sewing-room to showroom overnight 

Styles stitched together today can set trends tomorrow anywhere in the 50 states 
they get the distinctive AIR EXPRESS label. This label tells many things to many 
drivers of 13,000 special AIR EXPRESS trucks to pick up and deliver door-to-door. 
crews of America's 35 scheduled airlines that this shipment goes first on, first off. 
rates kid-glove handling all the way. Are you planning to 
ship new products or styles? Call AIR EXPRESS today and 
discover how little it costs to put this label on your shipment 
and get all the competitive advantages that go with it. 

and Canada, when 
people. It tells the 
It tells the loading 
And it says that it 

AIR EXPRESS 

CALL AIR EXPRESS DIVISION OF R E A EXPRESS 

-•••••••• 

• 6ETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Industry-Military Program 

Contractors Trading Reliability Data 

By LEON H. DULBERGER 
Assistant Editor 

PRIME CONTRACTORS for military 
missile and related efforts are now 
exchanging data in a rapidly grow-
ing program of component and 
parts reliability testing designed 
to cut down test duplication; 
thus save time and expense. Over 
70 firms are active in the nearly 
one-year-old operation, which is 
jointly sponsored by the Air Force, 
Navy and Army. The combination 
military-industry endeavor is called 
IDEP, for Interservice Data Ex-
change Program, and is modeled 
after Navy's components testing 
program set up for the Polaris 
weapon system. 
The Air Force Ballistic Systems 

Div. was first to begin interchang-
ing data within IDEP. 
The program supplements the 

slower to prepare, more general, 
MIL specs, in many cases provides 
the only guide to high-reliability 
component applications. 

Improved standards of military 
system reliability are expected 
when the program has been in 

operation for an extended period. 
Individual companies prepare 

reliability test reports on compo-
nents purchased from vendors, and 
these reports are distributed to all 
IDEP members by the program 
centers. Tests are made on tran-
sistors, diodes, resistors, capacitors, 
relays, connectors, valves and other 
electronic and mechanical items; 
roughly ninety types in all. 
The report format used by the 

IDEP centers is an 8i-by-11-inch 
card containing up to 50 microfilm 
insets, each equivalent to a page of 
printed data. The file card carries 
information on component type, 
tests performed and highlights of 
the results. The microfilm supplies 
detailed information. 

Reports are circulated to all 
IDEP members. Test results can 
often be used directly by recipients. 
The vendor of each tested com-

ponent is usually given a copy of 
the report by the firm making the 
tests before the card is made up, 
and he is free to point out excep-
tions to the test results. These may 
be added to the report if deemed 
valid. However, IDEP cannot 

Weather Transmitted By Pushbutton 

Air Force's new telecode weather transmitter under test. Temperature, 
wind direction, other variables are set on 72 metal slides. On pushbutton 
command, data is sent to remote weather stations 

order a contractor to do this. 
James Draughon is chairman of 

the IDEP coordinating group at 
the Army Ballistic Missile Agency, 
Redstone Arsenal, Huntsville, Ala. 
There are three IDEP centers, 

one for each military service. 
Martin Barbe of Aerospace Corp., 
El Segundo, Calif, serves the Air 
Force Ballistic Systems Division, 
IDEP Data Distribution Center. 

R. A. Ham is Chief, IDEP Dis-
tribution Center, Army Ballistic 
Missile Agency at Huntsville. 
Tom Carswell heads the IDEP 

Data Distribution Center, Naval 
Ordnance Lab., Corona, Calif. 

Major Vincent Bracha of Air 
Force Ballistic Systems div. has 
pointed out some of IDEP's aims: 
besides saving testing time and 
money, the program will give de-
signers insight to the component 
state-of-the-art. It will make avail-
able handbook-type data for new 
designs, and provide information 
needed to prepare reliability analy-
sis on new systems. Data for such 
an analysis is put into a mathe-
matical model, and worked out for 
submission with the prototype 
model of a new military system. 

Plans include use of IDEP for 
circulating general reliability stud-
ies, and other information to im-
prove contractor's reliability per-
formance. Boiling down IDEP 
data into statistical results in the 
future will give life information 
to implement systems engineering 
in early stages of design. 

Opinions in industry show much 
favor for IDEP, though there have 
been some dissenting voices. 

Various firms have declined to 
comment on the program. Others 
will only release information after 
careful consideration. One com-
pany required that a lawyer be 
present if the subject were dis-
cussed. Another firm refused to 
cover the subject except by mail. 
One question that has been 

raised, but is apparently resolved, 
is the legality of IDEP. 

Since it is publicly funded, 
through the military, and informa-
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tion is made public, it could not be 
classed as restraint of trade, pro-
ponents say. 
A few vendors feel an IDEP re-

port could show their product in 
an unfavorable light if the tests 
made on it were in excess of in-
tended design limitations, or the 
system application were incorrect. 
In answer, it is pointed out every 
effort is made to prevent this and, 
in addition, vendors can submit 
comment when a forthcoming re-
port is shown to them. 
The possibility that a large con-

tractor who also owns a compo-
nent manufacturing division would 
have an inside track on design has 
been mentioned by vendors. The 
argument is that the contractor 
(and thus the vending division) 
would see all reports on one type of 
component, while those out of the 
IDEP group would only see reports 
pertaining to their product. 

However, it has been pointed out 
that all reports are nonclassified, 
and available to any vendor from 
Armed Services Technical Informa-
tion Agency in Washington, D.C. 

There is no attempt to make 
IDEP a closed circle, its backers 
say, but rather to aid the input and 
final perusal of reliability informa-
tion to the advantage of all. 
The use of automated data 

processing methods to handle the 
growing accumulation of data is 
anticipated, though there are no 
active plans at this time. 
IDEP has produced a specifica-

tion on the format to be followed 
in writing an IDEP report, de-
signed to produce uniformity of 
testing and ease in report. 
A large contractor in Long 

Island, N. Y., an IDEP member, 
is much in favor of the program, 
feels that the firm gains in many 
ways by participating. When a 
component type is new to the firm, 
or being used in a new application, 
an initial survey can be made using 
IDEP information, he says. 
Kurman Electric Co., Brooklyn, 

N. Y., manufacturer of relays, 
favors IDEP, observes that it is 
faster and cheaper than MIL specs. 
The firm feels that a vendor is 

not placed at a disadvantage by 
the circulation of reports on his 
product among his competitors, 
points out that anyone can write 
for sales, and often design data 
from a competitor and receive it. 

Computer for French Auto Manufacturer 

Engineering research, plant control and payroll at Renault will be done 
by this 7070 unit being readied at IBM's Corbeil-Essones, France plant 

Transistor Sales Increase Over 1960 

SALES UPTURNS in several electron-
ics categories is noted by the 
Electronics Industries Association. 

Factory sales of transistors 
showed a healthy gain in March 
of 1,858,845 more units above the 
number of units sold in the pre-
ceding month. Total number of 
transistors sold during March was 
15,129,273 as compared with the 
February total of 13,270,428. The 
dollar values for the two months 
were $29,815,291 and $25,699,625, 
respectively. 

This year so far has been a better 
one for transistor sales than the 
comparable period of 1960. In 1960's 
first three months 31,155,798 tran-
sistors valued at $78,246,279 were 
sold. In the comparable period this 
year, unit total was 40,583,632, 
while dollar value was $78,470,083. 

Television picture tubes and re-
ceiving tubes also registered in-
creases in sales during March this 
year. Units sold amounted to 941,-
215 tv picture tubes valued at $18,-
771,363, and 36,635,000 receiving 
tubes valued at $30,719,000. 

In February the number of tv 
picture tubes sold was 728,989 
valued at $14,395,981. Receiving 
tubes sold that month totaled 25,-
803,000 units worth $21,865,000. 

Despite this monthly climb, cu-
mulative totals for the 1961 first 
quarter were below those of the 

comparable period of 1960 for re-
ceiving tubes. In the first three 
months of 1960, 100,417,000 receiv-
ing tubes valued at $86,013,000 
were sold. In this year's first 
quarter the figures were 88,781,000 
units at $74,811,000. 

Television picture tubes showed 
slight gains in the first three 
months of this year as compared 
with the same period of 1960. This 
year 2,378,039 tubes worth $47,-
598,099 were sold in the January-
March interval as compared with 
1960 three-month figures of 2,330,-
858 units at $54,981,191. 
Phonograph factory and retail 

sales rose in March after declines 
during January and February, but 
still failed to measure up to figures 
for the first quarter of 1960. Stereo-
phonic phonographs in both inter-
vals outstripped monaural. 
During the first quarter of 1960 

factory sales of monaural units 
were 274,313, while stereo factory 
sales were 908,518. In this year's 
first quarter the respective figures 
were 193,472 and 643,490. Retail 
sales figures showed improvements 
in both periods over factory sales. 
In the first quarter of 1960 they 
were: monaural, 315,125; stereo, 

965,196. 
In the first quarter of this year, 

the equivalent figures were 231,537 
and 734,383. 
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Training Programs Broaden Value Analysis 

By ROY J. BRUUN 
Assistant Editor 

VALUE ANALYSIS is now becoming 
a meeting ground for engineers and 
purchasing people. Basically it 
means taking a second hard look 
at an engineering design to see 
whether it can be modified or sim-
plified to bring down costs, seeing 
if parts should be made or bought 
and finding the best source of sup-
ply. 
At some firms, value analysis is 

becoming a specialty within the 
purchasing operation. At others, 
value analysis is performed by en-
gineering at the request of pur-
chasing. In either case, large-scale 
value analysis requires cooperation 
between engineering and purchas-
ing as well as top management sup-
port. 
RCA's Industrial Electronics 

Products activity feels that if value 
analysis is to be performed compe-
tently, purchasing must have value 
analysts who are business-oriented 
engineers able to work with design 
and development engineers. 
At RCA-IEP, value analysts may 

study engineering designs before 
purchasing makes up orders for 
production quantities of compo-
nents and materials. They make 
change recommendations to design 
engineers that are intended to re-
sult in cost savings while retaining 
the essential design. Recently, 
changes recommended by value an-
alysts resulted in a 40 percent cost 
reduction on magnetic heads. 

After helping in determining de-
sign, value analysts decide on the 
monetary value of design—specified 
components and parts. On the basis 
of this evaluation, purchasing per-
sonnel establish what are called 
standard costs that allow for ex-
pected losses of individual items 
thorough pilfering, breakage, etc. 
Value analysts at RCA-IEP also 

have the responsibility of inspect 
ing and evaluating potential ven-
dors' plants to determine their cap-
ability of delivering desired prod-
ucts on time, at cost, and with the 
required reliability. They also ad-
vise and help vendors in their tech-
nical and business operations if 

Sperry value analysis team studies klystron tube design 

quality and delivery is not up-to-
par. Thus, they acquire a back-
ground that enables them to know 
how effectively individual vendors 
can follow through on engineering 
design specifications, what they can 
and can't do. 
The value analysts plan to con-

duct seminar courses in value analy-
sis for buying personnel and engi-
neering personnel. 

Technical experts from outside 
IEP will be invited to lecture and 
join the seminar discussions. Con-
ferees will evaluate and make 
changes in design examples and 
then will be shown how it can be 
done even better. This provides an 
incentive not to be topped. 
A value analysis contest is 

planned for May through the end 
of the year to stimulate cost-saving 
practical ideas for going projects. 
Top management at IEP is en-

dorsing the value analysis program 
as one means of increasing the 
organization's margin of profit. 

Value analysis at Huyck Systems 
Company is not done on as elab-
orate a scale. During the prototype 
stage, purchasing personnel take 
note of components and materials 
that approach engineering design 
specifications but are considerably 
less expensive. They bring this to 
engineering's attention recommend-
ing that they make design changes 

to include the nonspec items. Engi-
neering is free to accept or reject 
the recommendations, but often 
finds that acceptance pays. 

Sperry Gyroscope Company uses 
a one-man approach to value analy-
sis. David Fram is administrator 
of the value analysis program and 
its only full-time employee. He is 
assisted by engineers, quality con-
trol experts, and buyers who have 
other assignments at the company. 
When Sperry decides to study one 

of its products (ideally, before it's 
off the drawing board) each expert 
looks at it from his own approach 
and makes recommendations. If 
changes are not made early enough, 
however, a good idea can go down 
the drain because the cost of mak-
ing the change is more than price 
savings, says Fram. 

Sperry claims it has saved $2 
million since the start of the year. 
The value analysis program is aim-
ing to cut costs 25 percent without 
affecting quality. 
Range of cost saving efforts at 

Sperry include: trimming nearly 
$1.7 million from a ballistic missile 
program by replacing some parts 
in the missile power supply unit 
to cut the unit price from $15,000 to 
$8,000. The less-expensive version 
may perform even better than its 
predecessor, says Fram. 
At the other end of the scale, 
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Sperry replaced a $2.22 soldering 
iron with a $5.35 model. Mainte-
nance costs of the new iron ran to 
$9.51 a year versus $189.22 for the 

old iron. 
Sperry value analysis reduced 

the cost of a radar klystron tube to 
the point that an engineering proj-
a savings of $81,000. 
An indicator device was succes-

sively reduced in price from $4,300 
to $3,200 to $2,898 and finally to 
$2,523. In total, Sperry realized 
a savings of $81,000. 
A clearing house for value analy-

sis ideas is the Value Engineering 
Committee of the Electronic Indus-
tries Association. This group meets 
periodically in different parts of 
the country to swap ideas on how 
to get the best possible products at 
the best prices. 
Arma division of American Bosch 

Arma has used the training pro-
gram technique to coordinate pur-
chasing with engineering and other 
company operations to save money. 
Semiweekly sessions are held for 
all buyers in the purchasing depart-
ment. Lectures are given by pur-
chasing management and also by 
people from engineering, finance 
and product reliability. Topics in-
clude: price and value analysis, 
solicitation of bids, review of quo-
tations, negotiations techniques, ac-
counting terminology. 
A natural complement or exten-

sion of value analysis at Arma is 
the checking of vendors for im-
provements in product art and man-
ufacturing processes that might 
reduce costs, thus making sure that 
savings realized by the vendor are 
passed on to Arma. 

This check is performed by rep-
resentatives from purchasing and 
engineering, who also witness 
the manufacturer's high-reliability 
testing process spelled-out for him 
by Arma. 

Written data 
these tests and 

must be made on 
submitted to pur-

chasing so that savings may be re-
alized by the assurance that only 
satisfactory items are accepted on 
delivery. 
Even small manufacturs must 

invest $50,000-$70,000 and up in 
capital equipment, such as shake 
tables, to meet Arma's test require-
ments, which reportedly are above 
and beyond those specified by gov-
ernment source inspection regula-
tions. 

R I. tape recorder secret 

is an open book 

A unique stacked-reel tape magazine is one of many 
space-saving secrets which enable Precision instrumen-
tation recorders to out-perform conventional magnetic 
tape instruments many times their size. Other design 

secrets are push-button selection of 
function and speed, light beam end-
of-tape sensing, front panel calibra-
tion and testing, interchangeable tape 

loop magazines, and all-solid-state 

olug-in electronics. 

All the secrets of these recorders are 
unveiled in detailed new brochure 

55B. Write for your copy today. 

P. S. — Here's an installation secret — two complete 74. 

channel analog (or 16-channel digital) recorders mount 

in only 51" of vertical rack space. interchanged in 5 seconds. 

P. I. Invites Inquiries from senior engineers seeking a challenging future. 
PRECISION INSTRUMENT COMPANY 
1011 Commercial Street • San Carlos • California 

Phone LYtell 1-4441 • TVVX: SCAR BEL 30 

14-CHANNEL 

PRECISION RECORDER 

Loaded magazines can be 

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Services Step Up Frequency Compatibility Plan 

FREQUENCY COMPATIBILITY program 
of the Department of Defense 
moves ahead with award of $2-mil-
lion contract to Armour Research 
Foundation for technical support 
of the triservice Electromagnetic 
Compatibility Analysis Center at 
Annapolis, Md. (ELECTRONICS, p 
9, Mar. 17, '61.) 
Mutual interference of military 

electronic equipment ranging from 
hand-carried transceivers to giant 
radars is a serious problem, though 
specific examples are rarely re-
vealed. 

In some cases, the interference 
involves classified equipment. In 
others, it's just considered impolitic 
for the military to point the finger 
publicly at whose side lobes are 
saturating whose receivers. 

Ironic example, however, is seen 
at the newly established center it-
self. To protect computers and 
other equipment, the center has to 
be shielded from a nearby Navy in-
stallation which puts out a half-
megawatt of low frequency power. 

Contract awarded to Armour by 
the AF Electronics Systems Divi-
sion at Bedford, Mass., calls for 
electronics and mathematical spe-
cialists to develop methods for an-
alyzing interference problems. 
Work has been started at tem-

porary analysis center in Chicago, 
is expected to move to Annapolis in 
November with 100-man staff. AF 
Col. Charles C. Woolwine is head of 
the center. 
Although compatibility effort is 

initially a DOD program, it is hoped 
that eventually it will involve FCC 
and FAA as well as industry. 
Need for triservice compatibility 

program is dramatically seen in 
projection of a brush-war situation 
where units of Army, Navy, Ma-
rines pour into battle area—each 
setting up carloads of electronic 
communications and control equip-
ment. Turn them all on at once and 
chaos would result. It would take 
days of fixes, time-sharing and 
band-sharing agreements to bring 
any semblance of compatibility. 

Also, an AF official points out, 
about one-half of service test cost of 
today's military electronic equip-

ment goes into debugging to elimi-
nate interference. Goal of DOD 
program is to design compatibility 
into equipment in the first place. 
Analysis center will set up pro-

cedures for measurement of an-
tenna patterns, power distribution, 
field strength, side lobes, spurious 
emissions. 
Program will start with pulse-

type equipment, particularly radars 
in the higher bands, and will 
eventually encompass all electronic 
equipment. 

Parallel research program will 
investigate best types of fixes for 
existing equipment, also look into 
such things as tube design for fre-
quency stability, side-lobe suppres-
sion techniques. 

Military services will furnish op-
erational information to the center, 
such as precise location, hours of 
operation, spectrum signature—in-
cluding every type of radio fre-
quency energy emitted. 
Many emitters, Col. Woolwine 

points out, produce incidental radia-
tion in addition to the energy for 
which they were designed. These 

can include wider bandwidth, side 
lobes, leakage from signal-genera-
ting equipment. 

Analysis center will examine 
characteristics of equipment under 
development to insure conformity 
with standards, also the spectrum 
signatures of equipment in speci-
fic operational environments, and 
the operational environment itself 
in problem areas. 
Also planned are development of 

mathematical models and simula-
tors for use as frequency manage-
ment tools and for R&D. Center 
will operate as clearing house for 
information on compatibility. 
When interference problems are 

uncovered involving equipment un-
der development, DOD will take 
remedial measures through its Ra-
dio Frequency Compatibility Pro-
gram. When problems develop 
among existing equipment, correc-
tive action may include phase-out 
and replacement. 

Center is expected to become fully 
operational by first of next year 
with estimated $3 million needed to 
finance the 1962 program. 

Computer Imitates Famous Music Composers 

EXPERIMENTAL electronic system 
(photo) that can help a composer 
create new music by suggesting 
variations and tone combinations 
based on his original ideas was de-
scribed recently to the National 
Academy of Sciences. 
The unit, a random probability 

computer developed by Radio Cor-
poration of America, forms part of 
equipment devised in studies on 
communications theory, especially 
in relation to sounds and music. 
The computer has produced origi-

nal tunes in the style of Stephen 
Foster guided by melodic and rhyth-
mic characteristics typical of his 
compositions. 
The computer's principle of op-

eration may be applied, according 
to RCA, by styling designs where 
a definite and limited range of 
characteristics and functions must 

be encompassed; color combination 
selections and word sequences. 

Harry F. Olson, director of RCA 
lab in Princeton, N.J., changes ar-
rangement of control circuit in ex-
perimental electronic system 
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Purchasing knows WILED 

builds the most 

Comprehensive Line of Resistors 

No questions asked by purchasing when engineering 
calls out Dale resistors. Every department has learned 
that you can count on Dale resistors to meet every 
need and for performance as specified. 

Dale reliability is the result of advanced design 
and stringently controlled methods of manufacture— 
methods which have reached new levels of achieve-
ment as part of Dale's super-high reliability de-
velopment program. 

SPECIAL PROBLEMS? Let us help you with your 
requirements for special resistance products. We make 
modifications of standard products, resistor networks, 
matched pairs, etc. Send us your specs. 

PROMPT DELIVERY: Whether your need is for a 
short "test run" or a large production release, Dale 
offers prompt service, direct from the factory and 
through a widespread network of distributors. 

DALE ELECTRONICS, INC. 
1300 28th Ave., Columbus, Nebraska 

A subsidiary of HATHAWAY INSTRUMENTS, INC. 

Ce.gir TYPE RSE RESISTORS 

WIRE WOUND • FOR CLIP MOUNTNG 

Designed to meet the most severe 
environmental conditions. Precision 
resistance unit is suspended in 
special shock absorbing material 
and inserted in metal tube. Com-
plete protection is afforded against 
moisture, salt spray, vibration and 
mechanical shock. 

• RATED at 2, 3, 5, 7 and 10 watts 

• RESISTANCE RANGE from .5 ohm to 175K 
ohms, depending on type 

• TOLERANCE 0.05%, 0.1%, 0.25%, 0.5%, 
1%, 3% 

• DIELECTRIC STRENGTH 1000 VAC 

• TEMPERATURE COEFFICIENT within 
0.00002/degree C. 

• MAXIMUM continuous operating tempera-
ture 275° C. 

• SMALLEST in size; lead or clip mounted 

Write for Bulletin R-25 and 

handy cross reference file card 
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ALL UNITS ACTUAL SIZE 

uctofflà--"el_   
'L • 

risen 
INSULATED SHELL 
POWER RESISTORS 

Sprague's Koolohm Resistors are de-
signed to meet military and industrial 
requirements for insulated power 
wirewound resistors that will per-
form dependably. 
New axial-lead Koolohm con-

struction features include welded 
leads and winding terminations. Ex-
clusive Ceron® ceramic-insulated re-
sistance wire, wound on special ce-
ramic core makes possible multilayer 
non-inductive windings and extra-
high-resistance-value conventional 
windings. Dense, non-porous ceram-
ic outer shells provide both humidity 
and mechanical protection for resist-
, ance elements. All resistors are aged-
on-load to stabilize resistance value. 
The advanced construction of 

these improved Koolohm Resistors 
allows them to operate at "hottest 
spot" temperatures up to 350°C. 
You can depend upon them to carry 
maximum rated load for any given 
physical size. 

Send for Engineering Bulletin 7300A 
for complete technical data. 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Street, North Adorns, Mass. 

spoor 
THE MARK OF RELIABILITY 

Microwave Ovens Find Market 
In Company Cafeterias " 

ELECTRONIC OVENS have yet to at-
tain any significant sales volume 
in the consumer markets but now 
they are making impressive strides 
in institutional cafeterias and res-
taurants. One market estimate 
places the number of ovens in use 
at somewhat under 10,000. 

Manufacturers say the technique 
of using microwave radiation to 
cook food still needs two keys to 
unlock the home market: consumer 
education and reduction in price. 
Companies report they are work-

ing along both these lines and point 
to the way early television sets 
gained consumer acceptance after 
being seen and used in public places. 

One hopeful indicator for manu-
facturers seeking a mass market 
has been a fairly consistent decline 
in price. During the past three 
years the average cost of a micro-
wave oven has gone from about 
$1,200 to about $800. 
Main advantage of microwave 

cookers in company cafeterias is 
the way they permit serving hot 
meals at low cost without requiring 
heavy investment in steam tables, 
and the conventional ovens, pots, 

pans and other restaurant equip-
ment. 

Frozen food caterers now are 
able to supply a wide variety of 
menus. Complete frozen meals 
available include meats, vegetables, 
stews, curries and many other 
dishes. 
The meals come in self-contained 

trays or dishes that are selected 
from the freezer by employees and 
placed in the microwave oven. 
Color-coded pushbuttons are 
pressed to control cooking time. 
Average time from freezer to table 
is about one minute. 

In 1946 Raytheon had made and 
tested an experimental microwave 
oven. In 1954, a commercial unit 
was demonstrated. 

Development since then has been 
aimed mainly at styling and cost 
reduction. Also included among 
suppliers are Tappan, Westing-
house and Hotpoint. 
Two other manufacturers closely 

watching the market are Kelvinator 
and General Electric. GE tells 
ELECTRONICS it has an electronic 
oven in the development stage. 
A report from Japan describes 

Frozen dinners are cooked in seconds by Nuclear Metals Corp. employees 
with Raytheon's microwave oven 
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a $2,800-microwave oven by Hay-
akawa Electric (ELECTRONICS, p 34 
May 12). It operates at 2,500 Mc. 
A Tappan spokesman describes 

his company's microwave oven: 60-
cycle 220-volt power is changed by 
the high-voltage power supply to 
4,800-volt, 120-cps pulses. Pulses 
are applied to the cathode of the 
grounded-anode cooking magnetron 
causing it to oscillate at 2.450 Mc. 

During warmup the oven re-
quires about 11 volts for the mag-
netron filament and 2.5 volts for 
the filaments of the power rectifier. 
After warmup, magnetron filament 
voltage is reduced to about 8 volts, 
dropping to 6.3 volts during cook-
ing. 
A waveguide directs the micro-

wave power to the oven. The unit 
has interlocks that turn it off when 
the oven door is opened. Filters re-
duce radio interference to negligi-
ble minimums. 
The oven consumes about 0.7 Kw 

on standby and approximately 3.5 
Kw while cooking. An electric 
heating unit to brown roasts, poul-
try and other foods needs an addi-
tional 4 Kw. 
Although present major users of 

microwave ovens are institutional 
cafeterias, restaurants are finding 
the new method useful in saving 
work and reducing labor costs. Of 
primary interest to restauranteurs 
is the saving in time. 
A 22-pound rib roast may be 

cooked in 45 minutes, a three-pound 
chicken in nine minutes, a one-
pound lobster in three minutes. 

Cleanup time is reduced since 
foods may be placed uncooked on 
dishes, put in the oven and brought 
out ready for the customer. 

Facsimile System Uses 
Transistors and P-Cs 

FACSIMILE SYSTEM introduced re-
cently by Fairchild Camera & In-
strument is designed for transmis-
sion of graphic data. It has two 
transmission speeds, one for high-
definition reproduction, a faster 
rate when less highly defined copy 
is tolerable. 

Blueprints can be formed into 
strips and continuously fed into the 
system; a switch control permits 
skipping portions of the material 
fed in. System is all solid-state, 
uses printed-circuit cards. 

Darn Molded 

Tubular Capacitors 

Have Outstanding 

Moisture Resistance 

100000 

20,000 

ozo 

o 

50,000 

r. 
e 

.„‘„ 
5 

1MM 500 I000 1900 2000 
HOURS OM TUT (95 TO 10 AT 4 C) 

RELATIVE HUMIDITY RESISTANCE 

A DIFILM DUAL DIELECTRIC (paper 
and polyester film) with HCX" solid 
impregnant and molded phenolic case 

B PAPER DIELECTRIC with solid im-
pregnant and molded phenolic case 

C DIFILM DUAL DIELECTRIC with 
solid impregnant and dipped epoxy resin 
coating 

D PAPER DIELECTRIC with wax or oil 
impregnant and molded phenolic case 

E POLYESTER FILM DIELECTRIC 
with molded case 

F PAPER DIELECTRIC with solid im-
pregnant and waxed cardboard jacket 

G PAPER DIELECTRIC with wax or oil 
impregnant and waxed cardboard jacket 

Plotted on the above graph is a 
curve for each of the seven basic 
tubular capacitor types normally 
used in commercial electronics. 
Note how Sprague Difilm® Black 
Beautyc tubulars (Curve A) with-
stand more than 2500 hours in 95 
to 100% relative humidity at 40 C, 
with no change in humidity resistance! 

For complete technical data on 
Type 160P Difilm Black Beauty 
Capacitors, write for Engineering 
Bulletin 2025 to Technical Litera-
ture Section, Sprague Electric 
Company, 35 Marshall Street, 
North Adams, Massachusetts. 

CIRCLE 200 ON READER SERVICE CARD 

ISOFARAD 
CAPACITORS 
. for unmatched 

capacitance stability 

at moderate cost 

Hold that capacitance! . . . with 
ISOFARAD Film Capacitors. Where 

capacitance stability is an absolute 
must, ISOFARAD is the one capac-

itor most likely to succeed. The pat-
ented duplex plastic film dielectric 
used in these capacitors has prac-

tically no capacitance change over 
operating temperature ranges up to 

-r-85 -C. Retrace on return to room 
temperature is within 0.10%. 
ISOFARAD Capacitors have insu-

lation resistance and dielectric ab-

sorption characteristics which ap-
proach those of polystyrene capac-
itors ... and they're smaller. Type 
145P capacitors are superior to 
silvered mica capacitors in insula-
tion resistance . . . are tubular in 

shape so they are more adaptable 

to machine insertion on printed 
wiring boards . . . and have a ca-
pacitance stability in use which is 
equivalent for most practical pur-
poses to the more expensive silvered 

mica units. 
Capacitor sections are of the ex-

tended-foil design and are housed 
in pre-molded phenolic shells with 

plastic-resin end seals for protec-
tion against moisture and mechani-

cal damage. 
For complete technical data on 

ISOFARAD Capacitors, write for 

Engineering Bulletin 2037A to 
Technical Literature Section, Sprague 

Electric Company, 35 Marshall 
Street, North Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 

- 
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Fast delivery? reel Factory prices? 
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See your Mallory industrial distributor 
These Mallory industrial distributors 
stock the lines indicated by numerals: 

Key: 1—Tantalum capacitors 
2—Selector switches 
3—Vitreous enamel resistors 
4—Ceramic disc capacitors 
5—Snap-action switches 
6—HC-NP capacitors 

Standard Radio Parts 1 Tucson, Ariz.  
Newark Electronics 2 6 Inglewood, Calif. 
California Electronics 1 2 6 Los Angeles, Calif. 
Electronic Supply 1 2 6 Los Angeles, Calif. 
Federated Purchaser 2 6 Los Angeles, Calif. 
Kierulff Electronics 1 2 4 5 6 Los Angeles, Calif. 
Radio Product Sales 1 2 6 Los Angeles, Calif. 
Brill Electronics 6 Oakland, Calif. 
Elmar Electronics 1 2 4 6 Oakland, Calif. 
Zack Electronics 1 2 3 5 6 Palo Alto, Calif. 
Elwyn W. Ley 2 6 Paramount, Calif. 
Shanks & Wright 4 San Diego, Calif. 
Peninsula Electronics 5 San Jose. Calif. 
Denver Electronics 1 6 Denver, Colo. 
Westconn Electronics 1 Bridgeport, Conn. 
Radio Appliance Co. 2 E. Hartford, Conn. 
Capitol Radio 1 6 Washington, D. C. 

Electronic Indus. Sales 1 2 6 Washington, D. C. 

Electronic Equipment 6 Miami, Fla. 
East Coast Radio 1 3 4 6 Orlando, Fla. 
Thurow Distributors 1 Tampa, Fla. 
Allied Radio 1 2 6 Chicago, Ill. 
Chauncey's, Inc. 4 Chicago, Ill. 
Newark Electronics 1 2 6 Chicago, Ill. 
Melvin Electronics 6 Oak Park, Ill. 
Bruce Electronics 3 Springfield, III.  
Graham Electronics 1 2 3 4 5 6 Indianapolis, Ind.  

Radio Supply 5 Wichita, Kansas  

P. I. Burks & Co. 2 6 Louisville, Ky. 
D & H Distributing 6 Baltimore, Md. 
Kann•Ellert Electron. 2 Baltimore, Md. 
Radio Elec. Serv. 1 5 Baltimore, Md. 

Cramer Electronics 1 2 3 4 6 Boston, Mass. 
DeMambro Rad. Sup. 1 2 5 6 Boston, Mass. 
Lafayette Radio 1 2 3 6 Boston, Mass. 
Radio Shack 2 Boston, Mass. 
Radio Specialties 
Northwest Radio 
Burstein•Applebee 2 
Walters Radio 2 
Interstate todos. Elec. 
Olive Electronics 1 
General Radio 
Eastern Radio 

2 Detroit, Mich. 

Atlas Electronics 
Federated Purchaser 
Aaron Lippman & Co. 
Lafayette Radio 
State Electronics 

12 
12 
2 

1 
2 4 

6 Perth Amboy, N.J. 
6 Mountainside, N. J. 

Newark, N. J. 
6 Newark, N. J. 
6 Whippany, N.1. 

Federal Electronics 1 2 6 Binghamton, N. Y. 
Acme Electronics 2 6 Brooklyn, N. Y. 
Radio Equipment 2 Buffalo, N. Y. 
Wehle Electronics 1 6 Buffalo, N. Y. 
Greylock Electronic 2 Kingston, N. Y. 
Peerless Radio 6 Lynbrook, L.I., N.Y; 
Bruno-New York 2 6 New York, N. Y. 
Electronic Center 2 6 New York, N. Y. 
Harrison Radio 1 2 3 4 6 New York, N. Y. 
Harvey Radio 1 2 6 New York, N. Y. 
Lafayette Radio 1 2 3 6 New York, N. Y. 
Milo Electronics 2 6 New York, N. Y. 
Terminal Hudson Elec. 1 2 6 New York, N. Y. 
Higgins & Sheer Elec. 2 Poughkeepsie, N. Y. 
Morris Electronics 6 Syracuse, N. Y. 
Valley Indus. Elec. 2 Utica, N. Y. 
Westchester Electron. 1 2 4 White Plains, N. Y. 

1. 2 4 Minneapolis, Minn. Dalton•Hege Radio 
6 Kansas City, Mo. 
6 Kansas City, Mo. 

4 St. Louis, Mo. 
5 St. Louis, Mn. 

2 6 Camden, N. J. 
2 6 Clifton, N. J. 

Winston-Salem, N.C. 

Akron Electronic Sup. 2 
United Radio 1 3 4 
Pioneer Electronics 1 
Thompson Radio 2 4 
Whitehead Radio 3 
Allied Supply 1 3 4 

Akron, Ohio 
Cincinnati, Ohio 

6 Cleveland, Ohio 
Columbus, Ohio 
Columbus, Ohio 
Dayton, Ohio 
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Man-In-Space Simulator, Data Links 
Described At Telemetering Sessions 

Tantalum Capacitors . . . in-
dustry's broadest line of wet slug, 
solid and foil types. 

Ceramic disc capacitors ...made 

by Radio Materials Company, a 
Mallory division. 

Subminiature Snap-Action 
Switches . . . Milli-Switch line, 
with varied actuators. 

Selector Switches . .. dozens of 
models. 

Heavy-Duty Electrolytics . . . 
high capacity HC type and non-
polarized NP type. 

Vitreous Enamel Resistors ... 5 

to 200 watts, including MIL types. 

Get them all... get them fast... 
get them at factory prices from a 
Mallory Industrial Distributor 
near you. Call him now. He's 
stocked to handle your hottest 
order. 

Distributor Division 

Indianapolis 6, Indiana 

MALLORY 

Srepco, Inc. 
Serves Electronics 

2 Dayton, Ohio 
4 Marion, Ohio 

Engineering Supply 1 

Eoff Electric 

Tilsa, Okla. 

4 Portland, Ore. 

Television Parts 
Cameradio Co. 
Radio Parts 
Almo Radio 
Herbach & Rademan 
Phila. Electronics 
Radio Elec. Serv. 
Geo. D. Barbey Co. 
West Chester Elec. 

3 4 New Brighton, Pa. 
5 Pittsburgh, Pa. 

1 2 6 Pittsburgh, Pa. 
2 6 Philadelphia, Pa. 

1 Philadelphia, Pa. 
1 2 6 Philadelphia, Pa. 
2 6 Philadelphia, Pa. 

6 Reading, Pa. 
4 West Chester, Pa. 

Electra Distrib. 12 Nashville, Tenn. 

Engineering Supply 1 
McNicol, Inc. 
Harrison Equip. 1 
tened Co. 1 

4 6 Dallas, Texas 
4 El Paso, Texas 

6 Houston, Texas 
6 Houston, Texas 

Rucker Electronic 1 2 3 4 6 Arlington, Va. 

1 2 3 4 5 Seattle, Wash. F. B. Connelly Co. 

Radio Parts 3 Milwaukee, Wis. 

Canadian Elec. Sup. 
Wackid Radio 
Alpha Aracon Radio 
Electro Sonic Sup. 
Wholesale Radio 

1 

1 
1 
1 
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Montreal, Que. 
Ottawa, Ont. 
Toronto, Ont. 
Toronto, Ont. 
Toronto, Ont. 

SERVICE CARD 

CHICAGO—Equipment to simulate 
Mercury-capsule flights and data 
links for the DynaSoar suborbital 
coast-glide vehicle were featured 
recently at the National Telemeter-
ing Conference here. 

Discussions centered on a clear-
ing house for biological telemetry 
information, status of standards, a 
student-information program and 
telemetering in Europe. 
More than 1,500 scientists, engi-

neers and management people 
attended 15 technical sessions rang-
ing from r-f components and tech-
niques and industrial telemetering 
through underwater measurements 
and biomedical telemetering. More 
than 50 manufacturers set up more 
than 70 exhibits. 
A system capable of simulating 

and conditioning data from both 
normal and abnormal Mercury mis-
sions was discussed by Burton S. 
Ritter of Bendix. The system sup-
plies real-time simulation of capsule 
data and communications. 

Initial design of a pulse-code-
modulated/frequency - modulated 
data system as a low-frequency, 
high-accuracy data link and an 
f-m/f-m link for high-frequency, 
low-accuracy reporting to share a 
total of 1,270 different measure-
ments of flight safety, failure an-
alysis, design verification and op-
eration of special subsystems was 
described as instrumentation for 
DynaSoar by Moore and Mace of 
NASA. 
A clearing house to uncover re-

quirements for new bioastronauti-
cal and biophysiological measure-
ments was proposed during the bio-
medical session by H. T. Fiertag 
of Martin, Denver, as a move to 
clear up duplication among new 
agencies entering the field. 

Described was a self-contained 
multichannel personal telemetry 
system using pulse-position modu-
lation of multivibrator or sawtooth 
carriers to transmit heart and res-
piration rates, body temperatures 
on a single radio frequency over a 
range of 100 feet. The equipment 
was described by A. R. Marko of 
Wright Patterson AFB. 
A telemetry package for electro-

cardiograph telemetry was dis-
cussed by Boreen, Shandelman and 
Berman of Vector, Southhampton, 
Pa. 
Remote telemetry of a radioso-

tope setup for measuring the water 
equivalent of snow in California 
and Idaho watersheds was described 
by Sidney Rosenberg, Sierra Elec-
tronic division of Philco. 

Soviets Court Japan 
For Electronics Trade 

TOKYO sources hint that Russo-
Japanese trade in electronics may 
step up due to Russian reactions 
to the recent Tokyo International 
Trade Fair. The Soviet electronics 
mission reportedly found Japanese 
electronics far advanced. 
The four-member mission, headed 

by Nicolai N. Strelichenko, chief 
of engineers of the Soviet National 
Science and Technology Committee, 
visited Japan for the Tokyo fair 
and to prepare for the Soviet trade 
show in Tokyo this summer. 
"We are prepared to buy Jap-

anese know-how on electronics and 
a good deal of electronic products 
from Japan," he said, "provided 
Japanese ties with the U.S. and 
West Germany are not stumbling 
blocks for such deals." 

Stock Quoted By Dial 

TELEOUOTE 

l ilt 

8165 

AU 5 9 1 

LAST ( 

1511 

Unit by Teleregister gives bid-
asked stock figures on 800 stocks 

1  I 
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NASA'S 

"MANNED SATELLITE" PROJECT 

AIDED BY SORENSEN POWER 

The National Aeronautics and Space Administration's Project Mercury has put the 
first U. S. astronaut into space. 

One item in the immense array of support equipment employed by McDonnell Aircraft 
Co., St. Louis, prime contractor for the space capsule, is a Sorensen MA28-125 Power 
Supply. Its modest, but important, function is to supply 28 volts d-c up to 125 amps to 
blockhouse equipment. 

High reliability, conservative design and rugged construction of Sorensen power sup-
plies make them ideal for applications where continuity of service is of paramount 

importance, not only in missile, space, and related ground support equipment, but in 
the lab and on the production line. 

New Catalog: Sorensen's new 38-page 1961 catalog gives specs on more than 400 
models. Included are: regulated d-c supplies, a-c line-voltage regulators, frequency 
changers (variable frequency power sources), miniature component-type supplies, and 
high-voltage d-c supplies and a-c testers (to 300kv). Write for your copy of the 
Sorensen catalog today. Sorensen & Company, Richards Avenue, South Norwalk, Conn. 

0.26 
-41" 1111.1.-

CONTROLLED POWER PRODUCTS 

The widest line—your wisest choice 

A SUBSIDIARY OF RAYTHEON COMPANY 

MEETINGS AHEAD 

June 6-8: Instrument-Automation 
Conf. & Exhibit, ISA; Royal 
York Hotel, Toronto, Ontario, 
Canada. 

June 8-9: National Electrical Man-

ufacturers Assoc., NEMA; Bilt-
more Hotel, Los Angeles. 

June 11-16: Electronic Representa-
tives Management Inst., ERA & 
Univ. of Ill.; Robert Allerton 
Park, Urbana, Ill. 

June 12-13: Radio Frequency In-
terference, PGRFI of IRE; Sher-
aton-Park Hotel, Wash., D. C. 

June 12-17: Components & Mate-
rials Conf., Institution of Elec-
trical Engineers; London. 

June 14-15: Product Engineering & 
Production, PGPEP of IRE; 
Sheraton Hotel, Philadelphia. 

June 19-20: Broadcast & Tv Re-
ceivers, B&TVR of IRE; O'Hare 
Inn; Des Plaines, Ill. 

June 22-23: Computers & Data 
Processing, Univ. of Denver; 
Elkhorn Lodge, Estes Park, Colo. 

June 22-23: Air Lines Communica-
tions Administrative Council, 
AEEC; Saxony Hotel, Miami 
Beach, Fla. 

June 26-27: Vacuum Metallurgy 
Conf., American Vacuum Soci-
ety; New York Univ., Heights 
Campus, New York City. 

June 26-28: Military Electronics, 
National Convention, PGME of 
IRE; Shoreham Hotel, Wash., 
D. C. 

Aug. 22-25: WESCON, L. A. & 
S. F. Sections of IRE, WCEMA; 
Cow Palace, San Francisco. 

Sept. 11-15: Instrument-Automa-
tion Conf. and Exhibit, ISA; 
Sports Arena, Los Angeles. 

Oct. 9-11: National Electronics 
Conf., IRE, AIEE, EIA, SMPTE; 
Int. Amphitheatre, Chicago. 

Nov. 14-16: Northeast Research 
and Engineering Meeting, 
NEREM; Commonwealth Ar-
mory & Somerset Hotel, Boston. 
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Here is distinctive 

Service in Stampings 
... provided by specialists, using 

toolings and techniques largely un-

known to ordinary stampings shops. 

ELECTRONIC CHASSIS • BENCH ASSEMBLIES • METALLIC GASKETS • LOCK WASHERS • SPACERS • SIDE PLATES 

BRAZED ASSEMBLIES • SPECIAL REELS • TAB WASHERS • MS CLAMPS • SHIMS • ROCKER ARMS • CONVERSIONS 

1 "ONE 
PLUS" 

  METHOD 

No tooling needed 
when you order just 

few pieces. Eco-
nomical for proto-
types or experiment. 

I o 
j..ELLO 0 

2  SHORT 
RUN 
METHOD 

Perfect for "more 
than a few", but 
less than production 
quantities. Tempo-
rary tooling, simple 
dies and special 
presses keep costs 
down. 

3 PRODUCTION 
RUN 
METHOD 

Applies only when 
quantity, tolerance, 
size and contour 
factors ¡ustify our 
standard production 
method and/or nom-
inal die charges. 

. . . We've been perfecting this 

Service . ... expanding 

advancing and improving 

on it year after year since 

1913. 

That's why it's so 

unusual, so successful, so 

economical. 

Stampings Folder 

No. 4 tells the story; 

ask for it. Or just 

send your prints 

for quotes. 

You'll be pleased. 

g DIVISION 

THE LAMINATED SHIM COMPANY, INC. 

4. "WATCH DOG" 
SERVICE 

All repeat orders 
are screened and 
re-evaluated as to 
specs and quantity 
—then the Method 
best for you is used. 
A routine procedure 
—and the gain is 
yours. 

4606 UNION STREET, GLENBROOK, CONNECTICUT 



The shot has been made. Instruments and astronaut performed perfectly. We at Honeywell 
Precision Meters are proud of the part we were able to play in America's first manned space 
flight. Components for Project Mercury's all-important manual and automatic re-entry equip-
ment were designed and produced by the creative engineers on our staff. Facts gathered on 

• • • M the Mercury shot will help perfect mechanisms for later, more ambitious explorations of our 
universe. Perhaps the proven ability of Honeywell engineers can help you do a 

//job better. Just get in touch with our representative in your area, he's listed in the 
classified pages of your telephone directory. Or contact us: PRECISION METER 

DIVISION, Minneapolis-Honeywell Regulator Co., 
Manchester, N. H., U. S. A. In Canada, Honeywell fioneyw-ell 

Controls Ltd., Toronto 17, Ont. Honeywell Inter-

dp national Sales and service offices in all principal cities 1-1 P/Ctaib Let, lenelA4k of the world. 
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Low powER ENVIRONMENTALLY PROVED.. . AVAILABLE NOW! 
Delco Radio's new silicon digital modules operate on less than 4 mw. of power SILICON per logic stage. They are rugged enough to withstand extreme environmental conditions 

and are small and lightweight. Encapsulated in light foamy epoxy, each module weighs 
less than 12 grams and occupies less than one-half cubic inch. The basic set of modules IGITAL 0 includes a bistable multivibrator, a diode NOR gate, a power driver, a monostable multivi-

brator and an astable multivibrator. From these basic units larger computer subassemblies 
can be assembled, such as shift registers, adders, binary counters, decimal counters MODULES and timing devices. A range of applications—from small scale switching circuits to 
large computers can be satisfied with these modules. Environmentally proved to: 

OPERATING 
TEMPERATURE 

RANGE 
—40°C to +100°C 

STORAGE OR 
STERILIZATION 
TEMPERATURE 
—65°C to +125°C 

Data sheets are available. Just write or call our Military Sales Department. E LCO 
Physicists and electronics engineers: Join Delco Radio's search for new and better products through Solid State Physics. 17)  

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS RADIO 

Division of General Motors • Kokomo, Indiana 
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BORG 3000 SERIES MICRODIA12 

Model 3021 
Without Brake 
With 2100 pot 
Actual Size 

Model 3021-3 
With Brake 
Actual Size 

The new Borg 3000 Series concentric-scale Microdial is a I" diameter, 
ten-turn, precision turns-counting dial. Ideal companion units 
for the '7/8" Borg 2100 Series and 2440 Series Micropote potentiometers, 
these dials can be mounted on 11/4" centers — 40 brakeless models 
would fit conveniently on this page! (IJ The 3000 Microdial offers 
the instrument designer functional color-keying versatility 
and distinctive panel enrichment. Five brake knob colors and 
three combinations of numeral and background colors are standard. 
Custom treatment can be given to control knobs, brake knobs, 
numeral configuration and color. (IJ Despite miniaturization, 
the 3000 Microdial is easy to read and offers the same smooth, 
silent gear action inherent with all Borg Microdial Series. 
Contact your nearest Borg technical representative, 
distributor or write for complete data. 

BORG EQUIPMENT DIVISION 

b 

WBFIlabucOkreensnucunerrnelterarnaluslsmennr:lh: On black 

W8F11:::\otkreensnucumemi:te w + rranl:1M:ennrablaocen black 

for Models With Brake: Add one of these dash numbers: =White brake knob 2=-Black brake knob 
Red brake knob 4=-Dark gray brake knob 5-----:Light gray brake knob 

Amphenol-Borg Electronics Corporation 

Janesville, Wisconsin • Phone Pleasant 4-6616 

Micropot Potentiometers • Microdial'7' Turns-Counting Dials • Sub-Fractional Horsepower Motors • Frequency and Time Standards 
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Regatron Programmable 

CONSTANT-
CURR 
POWER 

SUPPLIES 

BRIEF SPECIFICATIONS 
105-125 V, 50-60 CPS LINE 
r F.O.B. Eatontown, New Jersey) 

MODEL OUTPUT 
VOLTAGE 

COMPLIANCE 
(MINIMUM) 

DIMENSIONS 
PRICE 

H W D 

C612A 1 uA to 100 ma 100 V 31/2 19 9% $289  

C624A 2.2 uA to 220 ma 100 V 31h 19 91/4 $364 

C621A 5 uA to 500 ma 100 V 5% 19 15 $479 

C620A 5 uA to 500 ma 50 V 51/4 19 15 $449 

Load regulation is 0.1° for all models except 0 2°. 

on 1 and 22 uA ranges of Models C 612A and C 624A. 

Extremely low ripple . 0.1°.;, load 

regulation* ... wide operating range... 

the well-known Regatron features are 

incorporated in these new 

constant-current power supplies. 

Transient response time is less than a 

millisecond. A modulation input is a 

standard feature. A vernier permits 

continuous zero-to-maximum coverage 

throughout each of 16 current ranges. 

These c-c supplies are programmable too. 

Current output can be controlled by 

means of a remote resistor at any 

convenient location. Shunt the 

programming terminals with the resistor 

and the Regatron delivers a precise 

value of constant-current 

to your load. Voltage 

compliance, or load voltage capability, 

rises above the minimum values 

cited in the brief table below. 

with decreasing current settings. 

You'll find the programming feature, 

voltage compliance, and other 

performance data fully detailed in 

four-page Specification Sheet 3072A. 

Ask your local E. M representative 

or write... 

E Registered U.S. Patent Office. Patents issued and pending 
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E 
IC 

gives you 

fast delivery on custom 

chokes and transformers 

Your needs for custom 

wound components at 

competitive costs get fast 

attention at EIC. Prototypes 

engineered to your spec-

ifications can be supplied 

within two weeks, and production 

runs in any quantity can follow immediately. 

Write for our Representative Catalog of Cus-

tom Transformers, which gives specifications on 

input, interstage, output and power transformers, 

transistor power supply transformers, toroidal 

chokes, and geophysical reactors. 

ELECTRODYNAMIC INSTRUMENT CORPORATION 
Subsidiary of Reed Roller Bit Company 

1841 Old Spanish Trail Houston 25, Texas 

CIRCLE 201 ON READER SERVICE CARD 

the in 
TEFLON* TAPE 
come from 

Let us help solve your 

problem with creative engi-

neering and the broadest 

line in the industry! 

e hi-performance electrical • economy grades s pressure 

sensitive • metalized • reinforced • skived • colors 
e sizes to 11" width. DuPont T.M. 

eadee7jeedeeili4Z—: 

Send for 6 pg. brochure 

loaded wilh engineering dala 

on 16 basic Teflon tapes! 

o 

SPACE-AGE PLASTICS COlony 9-8708 

JOCLIN MFG. COMPANY, INC. • LUFBERY AVE. • WALLINGFORD, CONN. 
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A NEW SERVICE 

NOTICE 
TO 

READERS 

FREE 
REPRINT 

OF THE 

MONTH 

Each month the editors of elec-

tronics are selecting a significant 
article and offering it in reprint form 
—FREE—to readers. 

The June free reprint is an article 
from the June 2nd issue. It is a one 
page article by L. V. McNamara en-
titled—Letter Code Designations For 
Microwave Frequency Bands. 

Though there is some disagreement 
among parts of the industry about 
how certain microwave frequency 
bands should be designated, ELEC-
TRONICS' Reference Sheet, compiled 
from manufacturers' literature and 
other unofficial sources, is a guide to 
the most common band letter desig-
nations in actual use today. 

Order your free copy now by check-
ing the appropriate box on the Reader 
Service Card in this issue. 

electronics 



Special Pliers 
for the 

Highly Specialized 
Electronics Field 

When the early transmission lines were strung in this country a 
century ago, it was Klein Pliers in the hands of linemen that 
helped do the job. 

Klein has kept pace with the development of the electrical field, 
meeting each new challenge with tools specially designed to do 
the wiring job better . . . more economically. 

Shown here are a few of the many highly specialized Klein Pliers 
carried in stock to meet the needs of electrical and electronics 
manufacturers. 

You will find your assemblies go together more smoothly and 
wiring is done more rapidly when the right Klein Plier is used. 

SEE YOUR DISTRIBUTOR 

D211-6C—Cutters at tip 
set al 45° angle. 

D208-6C—A shear cut-
ting plier designed to cut 
dead soft or extremely 
hard wire. 

>el" 

dielielleellieNti D208-6PC—Sheor cutting 
blade at tip. Holds clip-

ped end. 

-,-..-- -se 

D318-5 2—Long needle —4411 
_ 

nose for reaching con-
fined space. 

--.....,..____ 

204-6—Cutters at tip. 
.0000000.00 Ideal f or electronic wiring. 

-II 

tween jaws hold clipped 
D229-4C— Springs 11611411111111414444bre-

end of wire. 

•••Ni 

---11.14111.1111111, 

D052-C—Specially de-
signed for wiring printed 
circuits. 

D207-5C—Replaceable 
blade shear cutter. Will 
cut dead soft wire or ex-
tremely hard wire. 

Mathias Klein &Sons, Inc. 7200 McCormick Road, Chicago 45, III. 
Please send me the Klein Plier Catalog and information. 

Name   

Title   

Company  

Address   

City  State   

June 2, 1961 
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A MESSAGE TO AMERICAN INDUSTRY • ONE OF A SERIES 

LET'S KEEP 

Business Help For Our Colleges 
Going Full Speed Ahead 

"Should our company fold up its program of finan-
cial help for higher education now that the Kennedy 
Administration plans to have the federal government 
provide this kind of help in a big way?" It is clear 
why, in the light of campaign promises and plans an-
nounced since, this question is being raised in many 
business firms at this juncture. 
What seems far clearer, however, is the right an-

swer to the question. It is a resounding NO! This is 
no time for the business community to ease up 
in what have been its notably successful efforts 
to help our colleges and universities get out of 
the deep financial hole in which they are oper-
ating. On the contrary, this is the time to put 
more steam than ever behind the drive of busi-
ness to increase its financial help for higher 
education. 

Massive Help Needed 

It is easy to understand why any individual busi-
nessman or firm might have a rather despairing feel-
ing about the prospect of competing with the federal 
government, with its almost all-embracing tax arm, 
in providing financial support for higher education or 
almost anything else for that matter. But this is not a 
case of competition. It is a case where our colleges 
and universities must have massive help all along the 
line if they are to be put squarely back on their feet 
financially—a goal of crucial and perhaps decisive 
national importance. The business community will 
continue to have both the opportunity and the 
obligation to keep on increasing its help for 
higher education as rapidly as possible. 
To underline this proposition take a look at 

the chart at the top of the next page. It shows 

how far the salaries of college and university faculty 
members continue to lag behind those of other occu-
pational groups in the U.S.A. There has been some 
relative improvement in the average of faculty salaries 
in recent years. And the salary improvement in some 
fields, such as those of science and mathematics, has 
been very pronounced. But the chart makes clear how 
badly the average salary of college and university 
faculty members still lags. 

No Federal Funds For Salaries 

Hie plans for increased financial aid for higher 
education, proposed by President Kennedy, do not 
contemplate increased expenditure for faculty salaries. 
This, we believe, is wise whether or not you feel, as 
many do, that resort to this kind of federal financing 
would inevitably carry with it federal controls that 
would ultimately undermine academic independence. 
The fight over federal appropriations for faculty 
salaries would be so long and bitter that it would be 
destructive to the aid program as a whole. 
However, what the federal government will not be 

doing to remedy the deplorable condition of faculty 
salaries, as reported by the chart, is one indication 

of the tremendous scope that remains for crucially 
important help for higher education from business. 
Manifold other indications are available. 

Disaster Escape Route 

One of these indications is provided by the careful 
calculation that the annual income of our colleges and 
universities must be increased by about $41/2  billion 
(from about $41/2 billion to about $9 billion) over the 
next eight years if the tremendous wave of students 

38 
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WHAT HAS HAPPENED TO COLLEGE FACULTY SALARIES 
Index (19: 

Percent Change 

Real Income Before Taxes 
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Sources: U.S. Department of Commerce; U.S. Department of Labor; National Education Association: McGraw-Hill Dept. of Economics. 

now gathering to descend on these institutions is not 
to wind up in both a financial and an educational 
disaster. This wave promises to add more than 2.5 
million, or 75%, to college enrollments by 1970. 

Thus far, the program for financial help for higher 
education by business, spearheaded by the Council 
for Financial Aid to Education, has been a remarkable 
success in all dimensions. The dollars contributed 
have increased rapidly—from about $100 million five 
years ago to about $150 million this year. Contribu-
tions of $500 million a year by 1970 are a clear 

possibility. 
One of the inspiring developments increasing this 

possibility stems out of Cleveland, Ohio. There 
through their chief executives, an imposing group of 
business firms have established one per cent of their 
profits before taxes as their minimum goal for con-
tributions to higher education, to be reached within 
three years. General acceptance of this goal by busi-
ness would go most of the way toward getting our 
colleges and universities firmly on their feet finan-

cially. 

Mutual Respect Increased 
The mutual esteem of the academic com-

munity and the business community, an ele-
ment of enormous importance to a free society, 
has been increased by the manner in which the 
program of financial aid has been carried out. 
In making its contribution, there has been no attempt 
whatsoever on the part of business to encroach upon 
the academic freedom of the institutions financially 
benefited. And the program of financial aid has greatly 
increased the knowledge, understanding and respect 
which the colleges and universities and business have 
for each other. 

The Kennedy Administration's program to enlarge 
federal financial support of higher education is cer-
tain to arouse strenuous controversy. As proposed by 
its Task Force, it avoids some of the most contro-
venial areas of principle. However, the very magnitude 
of the proposed extension of the federal government's 
already vast program of financing higher education 
involves fighting issues. 

But if the enlargement of federal aid were 
to be deeply discouraging to the continued ex-
pansion of private aid for higher education, it 
would be a national misfortune of major pro-
portions. There is no good reason why it should 
be. On the contrary, there is compelling reason 
for the business community to continue giving 
higher education all the financial help it pos-
sibly can, thus speeding onward a program that 
has been and continues to be a major construc-
tive force for our colleges and universities, for 
business and for the nation. 

This message was prepared by my staff asso-
ciates as part of our company-wide effort to re-
port on major new developments in American 
business and industry. Permission is freely ex - 
tended to newspapers, groups or individuals to 
quote or reprint all or part of the text. 

PRESIDENT 

McGRAW-HILL PUBLISHING COMPANY 

June 2, 1961 
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TAKE AMP COAXICON® 
the only coaxial cable connector which attaches to 
both center conductor and outer braid with ONE CRIMP 
of the matching, precision-controlled crimping tool. 

QL 
ADD HARDWARE 
a lock nut, a lock washer and plug retaining unit. 

and you have 

AMP COAXICON INC TYPE 
the only threaded nut coaxial connector for through 
panel installations which can be attached to both inner 
conductor and outer braid with ONE CRIMP of the 
matching AMP tool. 

RESULT A more than fifty percent saving over 
other coaxial connector assemblies, 

even lower installed cost when compared to soldering 
—plus the extreme reliability created by the AMP solder. 
less termination technique . . . the best in the business! 
Complete information will be sent on request. 

AMP INCORPORATED 
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
AMP products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • France • Holland • Italy • Japan • Mexico • West Gerainy 
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.Vitry's USS Redfin, equipped for electronic research, is fitted with a Diteti'ont Electric Div. velocimeter 

Deep-Ocean Velocimeter Aids 

Sonar Systems Design 

Transistor instrument operates at maximum ocean 

depths, supplying speed-of-sound-in-water informa-

tion to surface by cable. Supersonic pulse sent along 

fixed-length water path is fed back as generator 

trigger. Repetition rate change is read out 

By LEON DULBERGER, Assistant Editor 

PHYSICAL OCEANOGRAPHERS AND 

NAVY scientists are now able to 
measure the speed of sound in 
water to extreme depths, using 
self-contained transistor instru-
ments of high accuracy, pressur-
ized for deep-ocean operation. 

Last summer, the Navy's bathy-
scaphe, Trieste, equipped with a 
transistor velocimeter (instrument 
for measuring speed of sound in 
water) descended to 18,800 feet, 
off Guam. The velocimeter, de-

signed and fabricated by National 
Bureau of Standards, was mounted 
externally on a hull platform, oper-
ated reliably at the extreme pres-
sures encountered. The Trieste is 
now being prepared for dives equal 
to its seven-mile record of last 
February, will carry a velocimeter 
to depths over 35,000 feet. 

These dives provide checks to 
confirm depth dependance of formu-
las developed for calculation of 
speed of sound in water from 

Transmitting and receiving trans-
ducers (center) and reflectors of 
velocimeter built by ACF Electron-
ics Division 

temperature, depth and salinity. 
There is a backlog of data on these 
three variables gathered by ocean 
researchers working throughout 
the world. It can be converted into 
sound speed information right 
now, while velocimeter surveys are 
being made. 

Sonar weapon system design will 
be implemented by the study of 
undersea sound propagation in 
such surveys'. 

Ocean sound channels several 

June 2, 1961 
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IMMERSION HEAD 

SENDING 
TRANSDUCER 

REFLECTOR 

BLOCKING 
OSC 

DEEP SEA SIGNAL CABLE 

-REFLECTOR 
SOUND RAY PATH 

OF FIXED LENGTH 

RECEIVING 
TRANSDUCER 

HIGH-GAM 
PULSE-SHAPING 

AMPL 

REMOTE AMPL 
AND 

FREO DBLR 

JUIL 
FREO 

COUNTER 

FIG. 1—Block diagram of National Bureau of Standards designed deep-
ocean velocimeter for measuring speed of sound in water. Transmission 
cable may be several miles in length 

thousand feet below the surface 
are capable of multithousand-mile 
propagation at low frequencies, 
and may be located by sound veloc-
ity meter surveys. A system of 
ship distress signals, whereby ves-
sels drop an explosive charge ad-
justed to detonate at the depth of 
a long distance channel local to the 
incident, has gained attention. Re-
ceiving stations thousands of miles 
away can triangulate on the ex-
plosion. Thus, knowledge of exact 
sound propagation rates in these 
channels can provide accuracy in 
fixing the vessel's position. 

Velocity of sound in water varies 
primarily with temperature, pres-
sure and salinity. Temperature 
changes rapidly near the surface, 
producing the major effect on 
sound propagation encountered in 
the first few hundred feet of depth. 
Pressure becomes an important 
factor as depth is increased, due to 

leveling off of temperature varia-
tions. Salinity is assumed constant 
when its lesser effect is not the 
limiting factor in accuracy of 
calculations. 
Sound velocity variations in 

water produce channeling of sonar 
signals near the surface. Reflec-
tion and refraction of sound rays 
disrupt sound propagation gener-
ally. Submarines seeking to escape 
detection from surface vessels hide 
beneath thermoclines, layers of un-
equal water temperature. They 
bend sonar rays and render a sub 
undetectable. 

When sonar transducer location 
can be controlled, as in the case of 
a submarine-mounted unit where 
the craft is free to maneuver, a 
sound velocity meter will allow tac-
tical positioning for maximum 
range. 
A mechanical instrument, the 

bathythermograph, has been relied 

EVOLUTION OF THE DEEP-SEA VELOCIMETER 

Design of a vacuum-tube velocim-
eter was started in 1955 by Green-
span and Tschiegg at the National 
Bureau of Standards. The early 
instrument was useful to depths of 
several hundred feet. It employed 
the sing-around principle described 
in a 1937 patent by Shepard. The 
NBS scientists chose this system 
because it provided simplified in-
strumentation through measure-
ment of frequency as the variable. 
Readout is accomplished on a 
counter, or a frequency meter, able 
to run a recorder. 
By 1957, Tschiegg had developed 

a transistorized version of ate vel-

ocimeter, operating on self-con-
tained batteries, and packaged to 

.resist high pressures. Tests were 
made to 6,000 feet at sea by Woods 
Hole Oceanographic Institution 
under the direction of Earl Hays. 
Sound velocity readings were made 
to an accuracy of less-than 1 ft per 
sec, and were reproducible in the 
field to 0.5 ft per sec. 
WHOI has since used the vel-

ocimeter as a standard instrument 
in basic oceanographic studies. 
They may develop a system using 
several units to obtain continuous 
profiles of sound speed, at various 
depths simultaneously 

on for years to measure tempera-
ture against depth. Lowered into 
the ocean, it makes a graphical 
record of these two variables on a 
smoked glass slide. With the 
bathythermograph, speed of sound 
must be calculated, the instru-
ment's response is slow and it is 
usually used at relatively limited 
depths. 
An earlier all-electronic instru-

ment, designed to provide temper-
ature and pressure is available, but 
does not read out directly in sound 
velocity'. 

Operating principle of the Na-
tional Bureau of Standards velocim-
eter design is based on delay of 
an ultrasonic sound pulse sent 
along a fixed length path through 
the water sample". A crystal 
transducer, driven by a free-run-
ning blocking oscillator (see Fig. 
1), transmits the pulse along the 
ray path. This path is folded by 
using reflectors; this prevents 
errors due to liquid movement 
which causes Doppler shift in the 
rep rate; and also unwanted multi-
ple echoes. 
The pulse is picked up by a re-

ceiving crystal transducer, ampli-
fied and reshaped to a steep rise 
again. The output is fed back to 
the blocking oscillator and syn-
chronizes it at a repetition rate 
determined by the delay time of 
the sample. This method is the 
"sing-around" system. Referring 
to Fig. 2, output from the oscilla-
tor is divided in frequency by a 
multivibrator, which also supplies 
a high-energy low frequency com-
ponent at the repetition rate, to 
overcome attenuation of the signal 
in transmission. It is next applied 
to an emitter follower to obtain 
low impedance and driving power 
to accommodate long cables with 
high capacitance. 
At the remote end of the cable, 

the signal, which approaches a 
sinusoidal waveshape due to the 
cable's filter action, is amplified to 
restore the leading edge, and 
doubled in frequency for ease of 
counting. 
Output frequency is a function 

of speed of sound in water, and is 
calibrated for each instrument 
built. Distilled water is used as 
the standard calibrating fluid on 
velocimeters intended for ocean 
operation. 
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Time delay introduced by path-
length variations in the electronic 
circuits are accounted for in cali-

bration. 
The velocimeter's submersible 

section', called the "fish" includes 
transducers and sound path reflec-
tors mounted on an end plate. 
Electronic sing-around circuits, 
cable-driving amplifier and mer-
cury batteries are in a stainless 

steel case. 
The remote transistor unit at the 

other end of the cable accepts the 
signal from the fish and readies it 
for counter readout. The device 
includes: preamp which feeds the 
full-wave rectifier and frequency-
doubler, and output inverter-ampli-
fier. An audio frequency meter at 
the output allows direct calibration 
on the meter scale of speed of 
sound in water. This type of out-
put also provides the basis for a 
strip chart recording version of the 
velocimeter. 

Design drawings of the NBS-
developed, Tschiegg high-pressure 
model were made available to in-
dustry by the Navy and commercial 
units are now on the market. Day-
strom, Inc., Electric Div., Pough-
keepsie, N. Y. is one firm now pro-
ducing the velocimeter. They make 
calibrated units able to operate at 

AMPL EMITT POLL AMPL 

ALL TRANSISTORS TYPE 2N393 

DRIVER 
2N4I4 

-111J-7K, 

(B) 

Watertight housing (left) shown removed from velocimeter built by ACF 
Electronics Div. Plate on spacers (bottom, same photo) protects transducers 
and reflectors from damage. Picture at right shows velocimeters undergoing 
tests at firm's laboratory. Readout is obtained on frequency counter 

10,000 psi. The Navy Hydro-
graphic Office has installed several 
aboard submarines such as the 
USS Redfin which is used for elec-
tronic instrumented oceanographic 
and military marine research. The 
submarine USS Archerfish, now on 
survey, also carries a unit. 
A chart is supplied with each 

calibrated instrument to convert 
output frequency directly into 
speed of sound in water. 

Another firm, ACF Electronics 
Div., ACF Industries, Inc., Pa-
ramus, N. J., also produces ve-
locimeters based on the NBS de-
sign. The firm supplies Navy Hy-
drographic Office with instruments. 

DET SCHMITT TRIG 
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FIG. 2—Complete schematic of Daystrom's velocimeter. "Sing-around" circuit (A) and cable driving circuit (B) are 
in "fish." Amplifier and frequency doubler (C) are located at far end of cable. R-C filter may be switched in to shape 
waveform for short cable lengths 
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CENTER 
FREQUENCY 
12.634 MC 

Staggered-Tuned F-M Discriminator 
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FIG. 1—Circuit of discriminator is shown in (A); the resonance S curve 
resulting from subtracting secondary tank resonances is in (B) 

12.634 MC STAGGERED TUNED CIRCUIT 
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FIG. 2—Block diagram of discriminator indicates two limiting stages, one 
variable-gain amplifier stage, and individual driver amplifiers for each 
half of circuit 
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FIG. 3—Distortion curves of important harmonic components are plotted 
against the normalized deviation for a discriminator in (A); the percent 
distortion against offset in carrier frequency with frequency deviation as a 
parameter is plotted in (B) 

By RUDOLPH FEDERMAN, 
Electronics Research Laboratories, 

Columbia University, New York, N. Y. 

IN THE DESIGN of frequency modu-
lator systems the discriminator 
plays a major role in over-all per-
formance. If the main objective is 
linearity, a wide-band discrimi-

nator is used; if the important 
characteristic is gain, a narrow-
band discriminator is employed. 

In this application, low distortion 
was of primary importance: 0.25 
percent for a frequency deviation 
of -±-40 Kc at a center frequency of 
12.6 Mc; therefore a wide-band, 
low-sensitivity approach was taken. 

This discriminator was used in a 
corrective feedback loop around a 
frequency modulator. When the 
discriminator output is compared 
with the modulating signal, any 
dissimilarities are interpreted as 
errors in the output frequency and 
a correction is made. Therefore, 
even though all other components 
are perfect, the lower limit of dis-
tortion performance of the modu-
lator with feedback is determined 
solely by the discriminator. 

Since this discriminator is linear, 
it can be used to determine the dis-
tortion contributed by signal gen-
erators, or as an error sensing de-
vice in other feedback arrangements 
where the conversion of an f-m 
signal into a voltage signal must be 
accomplished with a minimum of 
distortion. 
The staggered-tuned circuit, 

shown in Fig. 1A, uses two identical 
secondary tank circuits. One of 
these is tuned above the center fre-
quency of the primary tank circuit, 
and the other is tuned below the 
center frequency. This offset is 
usually the same for both circuits, 
but an assymetrical condition some-
times gives lower distortion. In Fig. 
1B, the resonance curves of the 
individual secondary tank circuits 
and the S curve are shown for the 
symmetrical case. 
The ideal S curve indicates that 

the output voltage is zero for an 
unmodulated carrier. When the in-
put frequency changes from the 
center frequency, the secondary 
tanks become unbalanced and pro-
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Has Low Distortion, Wide Bandwidth 

duce a voltage across the load re-
sistor. This circuit will reject some 
types of amplitude modulation, but 
amplitude modulation introduced at 
a frequency other than center fre-
quency of the discriminator will 
cause an output. This discriminator 
therefore must be preceded by sev-
eral stages of limiting. 

Use of two individual secondary 
tank circuits results in an extremely 
linear S curve. Because all even-
harmonic components are cancelled, 
the S curve is linear over a wide 
range, and this is the main reason 
for the low distortion. 
Third-harmonic distortion can 

arise because the linear region at 
the origin is degraded if separation 
between the resonant peaks of the 
two tuned-secondary tank circuits 
becomes large compared with the 
bandwidth of the individual tank 
circuits. In a wide-band discrimina-
tor, this will occur only if the mis-
tuning is severe. 
A block diagram of the discrim-

inator is shown in Fig. 2. Two 
stages of amplification and limiting 
reject any amplitude modulation on 
the carrier and insure adequate 
signal level to drive the circuit. The 
next stage, a variable-gain ampli-
fier, restores the sinusoidal wave-
form after clipping, and further 
amplifies the signal. To reduce dis-
tortion, these circuits have a band-
width of almost 3 megacycles. 
Given the distortion require-

ments, the problem was to deter-
mine the over-all bandwidth of the 
staggered-tuned circuit and the in-
dividual bandwidths of the second-
ary tanks. The following symbols 
were used: f. = center frequency, 
12.6 Mc, if = zero-to-peak devia-
tion, 40 Kc, f„ = resonant fre-
quency of upper secondary tank 
circuit, f, = resonant frequency of 
lower secondary tank circuit, f, — 
f, = separation between peaks, BW 
= bandwidth of an individual sec-
ondary tank circuit, a =- f — f,/ 
BW; the ratio of separation be-
tween peaks to the bandwidth of 
an individual secondary circuit, 
and 2e/(f, — fi) = normalized 
deviation, or (peak-to-peak devia-
tion)/ (separation between peaks). 

Over-all bandwidth of the stag-
gered-tuned circuit was calculated 
using the graph' in Fig. 3A. Al-
though the curves are for a phase-
shift circuit, they may be used in 
this case since the two circuits have 
virtually the same variation in har-
monic content for the same band-
width. It was assumed that all har-
monics except the third would be 
negligible. 
To allow a safety margin, distor-

tion of 0.1 percent was used as the 
design goal instead of the target 
of 0.25 percent. From Fig. 3A, a 
distortion of 0.1 percent (60 db on 
the ordinate axis) corresponds to a 
normalized deviation of 0.066 or 
1/15. Thus, 2f/ (f, — fi) = 1/15. 
Solving for (f, — f,) yields, for an 
80-Kc peak-to-peak deviation (f2 — 
f, = 1.2 Mc, the required band-
width of the over-all staggered-
tuned circuit. 
To determine the bandwidth of 

the secondary tuned circuits, the 
following relations are obtained 
from Argimbau's analysis :2 a x 
BW = f:,— fi; let a V3/2 1.25; 
1.25 BW = 1.2 x 10°, and BW = 
960 Kc for each secondary circuit. 

This value of BW and a 12.6-Mc 
center frequency determines the Q, 
Q = f./BW = 12.634 x 106/960 x 
102 = 13 for each secondary circuit. 

This Q cannot be obtained di-
rectly without loading the coil with 
a damping resistance. Therefore, it 
is necessary to determine the values 
of all circuit elements that will 
achieve this value of Q. 

Although a low Q is desired, the 
impedance of the tank circuit should 
be high enough to maintain high 
gain. The L/C ratio is therefore 
chosen as high as possible. The 
highest possible value of L is about 
2.4 eh. Further increase in induct-
ance will decrease the fixed capaci-
tance necessary for a sufficient 
value of tuning. With L = 2.4 µh, 
the value of capacitance, for reso-
nance is 70 pf. The unloaded Q of 
this coil is about 100. 

Distortion readings for different 
frequency deviations and for vari-
ous carrier-frequency offsets from 
the center-frequency of the dis-
criminator are plotted in Fig. 3B. 

Staggered-tuned discriminato r, 
shown with author, brings distor-
tion below 0.25 percent for a fre-
quency deviation of 40 Kc 

Over-all sensitivity is 7 volts for 
every 10 kilocycles. Referred to the 
detected output of the staggered-
tuned circuit, the sensitivity is 0.7 
volts per 10 Kc, since there is a gain 
of ten in the d-c amplifier. 
The author thanks A. F. Sciorra 

and Professor J. H. Bose for their 
many technical suggestions, and 
C. P. Walsh for his assistance and 
comments. 
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AF 30(602)-2233 and originated 
from a project directed by the Ad-
vanced Research Projects Agency 
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which was also administered by the 
Rome Air Development Center. 
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By K. M. TRAMPEL, 
IBM Corp.. Poughkeepsie. New York 

EXTREMELY COMPLEX logical func-
tions can be built up from a few 
simple operations. All logical rela-
tions can be expressed by the use 
of the three connectives AND, OR 
and NOT (for negation). By using 
either one of two methods of logic, 
the Sheffer stroke or the NOR, all 
logical statements can be imple-
mented with the NOR circuit to be 
described. Since all logical expres-
sions can be derived with the NOR 
circuit, an entire digital switching 
system can be constructed with a 
single type of circuit. 
A pnp NOR circuit is shown in 

Fig. 1A. Three input resistors Ri 
provide the logical function while 
the transistor inverts the base (in-
put) signal establishing a well-de-
fined on level (level setting) and 
supplies power. 
The pup NOR circuit is a saturat-

ing voltage mode circuit. The ter-
minology of voltage-mode opera-
tion stems from the method of 
transmitting information. The state 
of the information (up or down) in 
the NOR application outlined in this 
lrticle is defined by a voltage level. 
This voltage level is either ground 
or a negative potential. 
The voltage mode output of the 

pup NOR circuit is at the collector of 

the transistor and has two output 
states. In operation, the transistor 
is switched between its saturation 
(on) state and its cut off (off) 
state. When the transistor is in 
saturation, the output voltage is at 
ground potential minus the col-
lector-emitter drop across the tran-
sistor (-0.1 y is typical). When 
the transistor is cut off, output 
voltage V., is given by the equa-
tion V.,,, •=-- 1E- + where I is the 
current determined by the addition 
of collector leakage current I,, and 
the current L drawn by the load. 
The transistor is turned on 

(saturated) when any of the three 
inputs is at a down level (negative 
voltage). To cut off the transistor, 
all three inputs must be at ground 
level (up level or 0 v). Adopting 
the convention the 0 volts (up 
level) is 1 and negative voltage 
(down level) is 0, the circuit per-
forms the Sheffer stroke function. 
Adopting the opposite convention 
produces the NOR function. 
To assure reliable circuit opera-

tion, the circuit should operate 
satisfactorily under end-of-life con-
ditions. Worst-case circuit design 
takes into consideration the degen-
eration of circuit components, de-
vice specifications and purchase 
tolerances. A circuit in which all 
parameters deviate simultaneously 
in the worst direction by a maxi-

Designing 

Step-by-step design 

of a fundamental 

transistor circuit is detailed 

showing methods of 

designing for maximum 

reliability under 

worst-case conditions 

mum expected amount is called the 
worst case. Taylor design criteria 
is one method of designing circuits 
with a high degree of reliability. 
This approach requires that when 
the effects of circuit parameters 
are considered, all parameters are 
taken at worst-case purchase toler-
ances and the most critical param-
eter is taken at worst-case end-of-
life tolerance. The most critical 
parameter can be determined by ex-
tensive analysis where, for a condi-
tion, each parameter is considered 
in turn as the critical one. Circuit 
experience reduces the extent of 
the analysis and only a few param-
eters need be considered. 

Independent variables of the NOR 
circuit can be assigned values based 
on engineering knowledge and the 
environment in which the circuit 
is intended. For the alloy junction 
pup NOR design, the transistor 
specifications are shown in Table I. 
Power supplies E+ and E— are 
+12 y and —12 y respectively, both 
-±-4 percent and all resistors are 
-±-5 percent with ±-10 percent at 
end of life. 
A knowledge of the design limi-

tations and logic gives the value of 
the number of inputs and the out-
put drive capability. The maxi-
mum number of inputs and the 
output drive is assigned a value of 
three. These values are assigned 
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NOR Circuits for Maximum Reliability 

(A) 

FIG. 2—Completed NOR circuit (A) 
ing output signal (C) 

to facilitate description of the basic 
design. They could be assumed as 
variables and an optimum solution 
can be obtained by programming a 
small digital computer. 

The pnp NOR is to be designed so 
that when all inputs are at ground 
level, the transistor is not conduct-
ing (off). For this worst-case con-
dition, the most critical parameter 
is transistor leakage current. 
Under this condition, the criterion 
to be satisfied is that V.. (off) 
maximum must be equal or greater 
than +0.2 v, therefore Vb. (off) = 
V, ± 0.2 v. 

Figure 1B shows the worst-case 
off conditions with the significant 
circuit parameters deviated in the 
direction to make it difficult to 
satisfy the off case. Junction V, is 
made as negative as possible which 
tends to turn the transistor on 

V, +0.2 y (OFF criteria) (1) 
12 = 3 11 + (2) 

(11.52 - V1)/(1.05 R2) = 
3 (V1 + 0.2)/(0.95 + 0.072 (3) 

Current is in milliamperes and 
resistors R, and R2 are in thou-
sands of ohms. Simplify Eq. 3 and 
solve for V, by 

V, = [10.95 R, -R2 (0.63+0.072 R1)11 
(3.15 R2+0.95 RI) (4) 

Substitute Eq. 4 into Eq. 1 and 
simplify 

1/Ri 5 (8.47/R2)-0.057 (5) 

< I 2 
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The transistor can always be 
guaranteed off as long as this equa-
tion is satisfied and none of the 
parameters deviate more than their 
maximum expected deviations. 
When a EIA value of R. is selected, 
the value of R, becomes established. 
Any EIA value greater than R, can 
be used to satisfy the off case. For 
satisfactory circuit operation, the 
worst case on condition has to be 
considered. 
To complete the pnp NOR design, 

transistor saturation has to be 
satisfied. The most positive down 
level to the pnp NOR has to be com-
patible with the output of a final-
ized voltage mode trigger. Since 
the most positive down level from 
the voltage mode trigger is -5.56 
v, the pnp NOR must operate with 
this as a possible input signal. 
When any one or more inputs are 
at -5.56 y (or more negative), the 
transistor will saturate (on). All 
parameters are deviated in the di-
rection to make it most difficult 
to satisfy the on condition. 
For this worst-case condition the 

most critical parameter, deter-
mined by experience and analysis, 
is the transistor current gain. 
Under this condition the criterion 
to be satisfied is that the minimum 
base current is equal to or greater 
than 15 (max) /a,„ (min) therefore 
15 (min) 15 (max)/dr, (min). 

If this eriterion is satisfied then 
any transistor having a current 
gain equal to or greater than a' f 
(min) can be saturated for col-
lector current from 0 to 15 (max). 

Figure 1C shows the worst-case 
on condition with the significant 
circuit parameters deviated in the 
direction to make it difficult to 
satisfy the on case. The junction 
V., (on) is made as negative as 
possible to determine the minimum 
available base current. 

Available on current I., used to 
drive additional circuits, has to be 
sufficient to supply the crosstalk 
current (other inputs of succeed-
ing stage). Specifying this avail-
able current simplifies design. 
From knowledge of the loading cir-
cuits, maximum available current 
15 of 2.5 ma is a realistic current 
to guarantee. If this circuit is to 
be used only with the same type 
circuit (pnp NOR), then this load-
ing current would be too great. 
Restricting the loading to only NOR 
circuits would also simplify the de-
sign. To clarify the presentation, 
the maximum loading current is 
specified. The on criteria is 

1 b (min) 1 (max)/a'f., (min) (6) 

solving for /,, (min) 

lb (min) = Ji (mm) 
12 (max) - 2/3 (max) (7) 

= 1(5.56 - 0.3)/(1.05 R1)1 
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- [(12.48 + 0.3)/(0.95 R2)1 
- [2 (0.3/0.95 RI)] (8) 
= (4.38/R1) - (13.45/R2) (9) 

solving for I, (max) : 

I, (max) = If (max) + It (max) (10) 
= (12.48 - 0.0)/ 

(0.95 RL) + 2.5 (11) 
= (13.15/ RL) + 2.5 (12) 

substitute Eq. 12 and 9 into Eq. 6 

(4.38/R1) - (13.45 R2) 
1/30 [(13.15/RL) + 2.5] (13) 

Drive capabilities of the NOR cir-
cuit depend on the value of load 
resistor RL. The NOR circuit should 
be capable of driving three other 
NOR circuits in the off condition. 
Figure 1D shows the worst-case 
off loading. Since the NOR should 
operate with an input at -5.56 
during the down level, the collector 
should not become more positive 
than -5.56 y when the transistor 
is off. 
For this worst-case condition, 

the most critical parameter is the 
load resistance of the NOR circuit. 
Under this condition, the criterion 
to be satisfied is that the collector 
never becomes more positive than 
-5.56 v. Therefore 

I, (min) k (max) + 3/2 (max) (14) 
[(11.52 - 5.56)/1.1 RL] 0.036 + 

3 [(5.56 - 0.0)/(0.95 RI)] (15) 
5.42/RL k 0.036 + (17.6/R1) (16) 

A unique solution of the equa-
tions is not possible because of the 
inequality' of the relationships. To 
facilitate design, a value of 14 is 
selected. Selection can be aided by 
the compatibility with existing 
circuits. Here the pnp NOR circuit 
has to be compatible with the IBM 
CTRL (complementary-transistor-
resistor logic) circuit family. To 
common the output of a NOR circuit 
to the output of a CTRL circuit, a 
load resistor of 1.6 K (value of the 
CTRL resistor) should be used. 

If the load resistor is chosen as 
1.6 K, design of the NOR circuit can 
be completed. An optimum design 
can only be accomplished if the 
particular logical application is de-
fined. This means that the logical 
system must be available before the 
electrical circuit design can be un-
dertaken. For conventional ver-
satile circuits, generalizations 
must be made to complement the 
majority of logical applications 

RL = 1,600 ohms (17) 

substituting Eq. 17 into Eq. 16 and 
solving for Ri 

k 5,270 ohms (18) 

the next higher EIA value is 5,600 
ohms therefore 

R1= 5,600 ohms (19) 

Substitute Eq. 19 into Eq. 5 and 
solve for R. 

R2 5 35,900 ohms (20) 

Substitute Eq. 19 and 17 into Eq. 
13 and solve for R. 

R2 31,500 ohms (21) 

From Eq. 20 and 21, the EIA 
value of 33,000 ohms satisfied the 
two equations. If no EIA value 
were overlapped by Eq. 20 and 21, 
then a larger value of R, would 
have to be used. Figure 2A shows 
a completed NOR circuit. 
The design of the NOR circuit did 

not consider the effects of power 
dissipation because of the advan-
tages of operating the transistor 
in saturation. Since V„ (satura-
tion) and I,. are small, there is low 
power dissipation when the tran-
sistor is on or off. High dissipation 
results only during the transition 
from one state to the other (in the 
active region). Figure 2B gives 
the power dissipated in the tran-
sistor as it is switched from one 
state to the other in the NOR circuit. 

P.. (max) = V,. (max) I, (max) =-
0.2 [(12.48 -0.2) / (0.95 X 1.6)] 1.6 mw 
f f (max) = V, (max) I,. (max) - 

(12.48 -0.072 X0.95 X 1.6) 0.072 =4.9 mw 

From Fig. 2B, the average dissi-
pation is much less than the peak 
dissipation. Since the average dis-
sipation is low, it is possible to op-
erate the transistor at power that 
exceeds the maximum rated dis-
sipation during the switching tran-
sient, but does not exceed it in the 
steady state. 
The possibility of the reverse 

bias voltages exceeding the break-
down specifications of the tran-
sistor must be checked. The maxi-
mum reverse bias voltage occurs 

TABLE I-END OF LIFE (EOL) 
TRANSISTOR SPECIFICATIONS 

a'f. (min) = 30 
/b,„ (max) -I„. (max) 

=72 pa at 50 C (EOL) 
=36 pa at 50 C (acceptance) 

V,, (..0 (max) = -0.2 v 
Vs. (of f) (max) +0.2 vat 50 C 
K = 0.35 mw/degree C 
Ti (max) = 75 C 
T. = 50 C 
VI, too) (max) 5 -0.3 y at 25 C 
Pr.„„=(Ti-T„)/K = (75 -50)/0.35 

=71.4 mw 
Breakdown: V1,. = 25 v, V. = 13 v 

when the driving circuits are re-
moved and all the NOR inputs float. 
Under this condition, the maximum 
reverse collector-base bias is 12.48 
+ 12.48 = 24.96 y when both the 
+12 y and -12 y supplies increase 
to the maximum of +4 percent. 
The maximum reverse emitter-base 
bias is 12.48 v. These values are 
within the breakdown specifications 
shown in Table I. 
The major disadvantage of the 

NOR circuit is low operating speed. 
The speed is limited by the small 
amount of base overdrive and the 
high degree of saturation (heavy 
minority carrier storage) when 
two or more inputs are very nega-
tive. 

Figure 2C shows the output 
waveform with a signal applied to 
one input with the other inputs 
grounded. The minority carrier 
storage in the base and the transit 
time through the base affect turn-
off delay T,. Transit time is the 
time required for emitter current 
to cross the base region. Differ-
ences in minority carrier velocity 
and path length affect the arrival 
time of the carriers influencing T„ 
the turn-off transition. Several fac-
tors affect T., the turn-on delay 
with transit time and base-emitter 
junction capacitance being impor-
tant. Since the NOR is reverse 
biased, time is required to dis-
charge the capacitance across the 
base-emitter and to charge it for-
word biased. The greater the re-
verse bias, the longer the delay. 
At small emitter currents, a,, and 
the frequency response are low and 
emitter current must increase to a 
reasonable value before the tran-
sistors response is fast. 
As with turn-off transition, 

velocity and path length affect T., 
the turn-on transition. Rise time is 
also a function of transistor fre-
quency response. Turn-on delay 
and transistion are also a function 
of the base current (turn-on cur-
rent). The greater the turn-on cur-
rent, the shorter the delay and 
transition. 
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Transistor Cascode Circuit Improves 

Automatic Gain Control in Amplifiers 

By J. F. PERKINS, Jr., 
Mgr., Circuit Techniques Section, 
Techniques and Components Dept.. 
Raytheon Co.. Sudbury. Mass. 

THE PROBLEM of providing auto-
matic gain control for tuned i-f am-
plifiers, without degrading the fre-
quency response of the amplifier, 
is common to both transistor and 
vacuum-tube circuits. The problem 

AGC CONTROL 
VOLTAGE 

VI 

2N411 

(B) 
FIG. 2—Schematic of caecode i-f 
frequency equivalent circuit (B) 

is especially acute with transistor 
amplifiers, due to the larger changes 
in transistor parameters with 
changes in operating point. 
A review of the effects of tran-

sistor parameter changes upon the 
Q and center frequency of a tuned 
circuit demonstrates the need for 
isolating the tuned circuit from 
these changing parameters. 

amplifier stage with age (A); and high-

This article presents an im-
proved method of applying age to 
transistor i-f tuned amplifiers that 
overcomes, to a great extent, the 
problems that have plagued pre-
vious age circuits. It is hoped that 
this material will be of value in the 
application of transistors to super-
hetrodyne receivers and amplifiers. 
A simple one-stage, grounded-

emitter tuned transistor i-f ampli-
fier without neutralization, is shown 
in Fig. IA. The high-frequency 
equivalent circuit of this stage is 
shown in Fig. IB. From the equiva-
lent circuit, note that transistor 
output impedance I?„ is in parallel 
with the reflected load impedance 
of the transformer. As the Q of the 
stage is a function of the transistor 
output impedance, the reflected load 
impedance, and the characteristic 
impedance of the inductance-capaci-
tance combination, any change in 
transistor output impedance will 
affect the Q of the circuit. 
One method commonly used for 

minimizing the effect of the output 
impedance upon the Q of the circuit 
is to mismatch the reflected load 
and output impedances. Mismatch-
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ing is difficult to achieve in tran-
sistor circuits, as the output 
impedance of a high-frequency 
transistor in the grounded-emitter 
configuration is relatively low. 

Another problem is the effect of 
output capacitance C. on f„, the 
tuned-circuit center frequency. This 
output capacitance is in parallel 
with capacitance C, used to tune the 
inductance of the transformer pri-
mary, and unless C > > C., any 
change in C. will change the center 
frequency of the tuned circuit. Un-
fortunately, the value of transistor 
output capacitance when used in the 
grounded-emitter configuration is 
not small in comparison with the 
value of capacitance needed to tune 
the primary of an i-f transformer 
at higher frequencies. Therefore, 
output capacitance has considerable 
influence on the tuned circuit center 
frequency. 

In the circuit of Fig. 1A, there 
will be a change in voltage from 
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240 

0.01 
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_ 
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collector to emitter with a change 
in bias current, due to the change 
in voltage across emitter resistor 
R.. As the output capacitance of a 
transistor is a function of the volt-
age from collector to emitter, this 
will produce a change in the output 
capacitance, thus producing a shift 
in the center frequency of the tuned 
circuit. 
Among the various methods of 

gain control that are possible in 
transistor circuits, those most often 
employed use the change in tran-
sistor parameter 13, or input resist-
ance Ri., against the change in bias 
current /E, or a combination of 
both. It is also possible to allow the 
input impedance of the transistor 
stage to remain constant, but vary 
the impedance of a shunt element 
comprising the forward resistance 
of a diode or the collector resistance 
of a shunt transistor. This article 
is concerned with the methods 
using the effect of changing the 

emitter current upon the param-
eters of the transistor. Specifically 
considered is the 2N1143 ger-
manium diffused base, 2N384 ger-
manium alloy junction, and 2N588 
germanium microalloy diffused base 
transistors, because of their poten-
tial applications to i-f amplifiers at 
high frequencies. 
A plot of center frequency 

against emitter current and of the 
circuit Q against emitter current 
for the amplifiers stage of Fig. lA 
is shown in Fig. 1C. The numbers 
on the curves indicate the tran-
sistor used for that plot. All three 
types have a large change in Q and 
drift in center frequency, although 
there is a larger deviation in f, be-
tween types than for the circuit Q. 
The large variation in Q against 

/E for this circuit configuration is 
understandable when the extent of 
the change in R. against IR for a 
grounded emitter transistor is 
noted. It will be shown that the 
output resistance R. changes by 10 
to 1 or more over the range of 
emitter current. As the  Q of the 
tuned circuit is Q = R/VL/C where 
R is output impedance R. in parallel 
with the reflected load impedance 
(1%I./N,) 2 R,,, it is difficult to mis-
match the output impedance and 
load impedance enough to compen-
sate for a change of that magni-
tude. Therefore, if the overall cur-
rent gain A, of a grounded-emitter 
transistor stage is controlled using 
the relationship of the transistor 
current gain 13 to emitter bias cur-
rent /E, some change in Q and f„ 
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will be encountered unless the cir-
cuit can be modified to minimize 
the effect of R. and C. on the tuned 
circuit. 
The main cause of variations in 

Q and f, are the R. and C. of the 
grounded-emitter transistor. Be-
cause of the low value of output im-
pedance in high-frequency transis-
tors, mis-matching is impractical. 
Because of the small amount of 
capacitance needed to tune the pri-
mary of the i-f transformer, 
changes in output capacitance with 
V„ are significant. Therefore, some 
form of buffer between the 
grounded-emitter transistor and 
the tuned circuit is indicated. 

Plots of the input and output 
impedances of both grounded-
emitter and grounded-base tran-
sistor stages were made for the 
three transistor types under inves-
tigation. Comparison of the plots 
shows that there is much less vari-
ation in the output impedance of a 
grounded-base stage than there is 
for a grounded-emitter stage for 
the same change in emitter cur-
rent I. Therefore, there should be 
much less change in the Q of the 
tuned circuit due to the influence 
of the output impedance of a 
grounded-base stage. 
The input impedance of the 

grounded-base stage is much less 
than the output impedance of a 
grounded-emitter stage, and the 
change in output impedance of the 
grounded-emitter stage will have 
much less effect upon the overall 
performance of the circuit if the 
input impedance of a grounded-base 
stage is in parallel with a grounded-
emitter stage. 
The circuit of Fig. 2A provides 

the buffer stage between the 
grounded-emitter stage and the 
tuned circuit. The equivalent cir-
cuit for this stage is shown in Fig. 
2B. The output impedance and the 
output capacitance of the grounded 
base stage are now in parallel with 
the tuned circuit at the output. The 

iuuuuiuuuu 
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output impedance of a grounded-
base stage is much less subject to 
variation than the output imped-
ance of a grounded-emitter stage 
and the value of output capacitance 
of a grounded-emitter stage is, due 
to the circuit configuration, much 
less subject to variation. The varia-
tions in output capacitance of the 
grounded-emitter stage are now 
isolated from the tuned circuit at 
the output by the grounded-base 
buffer stage and contribute little to 
a shift in the center frequency of 
the tuned i-f amplifier stage. 
The high-frequency transistors 

investigated provide excellent gain-
control elements due to the varia-
tion in the gain of the transistor 
with changes in the bias current I. 
Because of the isolation of the 
grounded-base stage, this charac-
teristic can now be fully exploited. 
If the grounded-base stage is biased 
so as to assure a minimum value of 
bias current, that is, if the bias 
current in the grounded-emitter 
stage is varied over a wide range 
of values yet the bias current in the 
grounded-base stage is varied over 
a much smaller range, then a fur-
ther improvement in isolation can 
be seen. 
A 10-Me i-f amplifier stage using 

the cascode configuration of Fig. 
2A was constructed. Transistor Q. 
is the gain control element for the 
cascode combination of Q, and Q,. 
A change in control voltage changes 
the collector current of Q., which in 
turn changes the bias current in 
transistor Q,. 
The test results of current gain 

against emitter current in transis-
tor Q, are plotted in Fig. 3A. These 
results demonstrate that it is pos-
sible to achieve a 40-db range of 
gain control in one cascode stage. 
The effect of age on the Q and 

the center frequency of the i-f am-
plifier stage is shown in Fig. 3B. 
The test results show that over a 
range of 37 db of gain control, there 
is no change in the Q or center fre-

umumniummui 
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queney of the stage, illustrating the 
effectiveness of the cascode con-
figuration in an i-f amplifier using 
age. 
An experimental i-f amplifier 

having a center frequency of 10 Mc, 
a bandwidth of 1.25 Mc and a max-
imum gain of 91 db was constructed 
(Fig. 4). 
The flatness in the passband re-

gion was obtained by triple stagger 
tuning the cascode stages. As a 
shift in f 0 would tilt the passband 
noticably, the flatness was used as 
an indication of any shift in the 
center frequency of any of the 
tuned stages. 
The gain of the amplifier was 

changed in 10-db steps, and at each 
step the frequency response of the 
amplifier was plotted using a fre-
quency generator and measuring 
the 3-db-down points. A photograph 
of the frequency response, as shown 
using a sweep generator and oscillo-
scope, was also taken at each step 
in order to present the flatness in 
the passband information. 
The passband characteristics over 

a 40-db range of age are shown in 
Fig. 5. There is no shift in center 
frequency indicated in the oscillo-
graph, which is in keeping with the 
results predicted. 

This work was extended to in-
clude a 30-Mc i-f amplifier with 
similar results. The age circuit was 
also modified to extend the dynamic 
range and signal-handling capabili-
ties of the stage by using a for-
ward-biased diode as a shunt ele-
ment, as well as the transistor gain 
characteristic. 
The author appreciates the as-

sistance of F. Gibson and J. D. 
Harmer. 
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Determining Phase Shift and Gain 

Instrument makes highly precise measurements of phase shift and voltage 

By WALTER C. ACHA, 
Project Test Engr., 

Hughes Aircraft Co., Tucson, Ariz. 

DETERMINING THE PHASE shift and 
voltage gain of a differential am-
plifier at subaudio frequencies to 
accuracies of better than 1 degree 
and 1 percent has been a require-
ment in missile servo systems for 
many years. This has posed many 
problems. Difficulty in measuring 
phase at subaudio frequencies is 
encountered because of the large 
coupling capacitors, drift and in-
stability of conventional d-c ampli-
fiers, and poor sensitivity and fre-
quency response of the null-detect-
ing device. Most commercially 
available phase-measuring equip-
ment has a lower frequency limit 
of about 20 cps and a phase ac-
curacy of 1 degree. Indirect 
methods have been used, such as 
modulating an audio frequency 

with the subaudio frequency. The 
audio frequency is demodulated 
and fed to the amplifier under test. 
Phase measurements are then 
made by phase shifting the audio 
frequency and measuring its phase 
change. However, this method gives 
relatively poor accuracy and re-
quires complex demodulating and 
filter circuits. 

Figure 1 shows an instrument 
that emphasizes simplicity, ease of 
operation, readability and flexibil-
ity in making null ratio and phase 
shift measurements on a differ-
ential amplifier. Differential ampli-
fier A, the amplifier under test, 
may be one or a number of ampli-
fiers. 

Alternately adjusting the phase 
shift and the null ratio controls will 
produce a null 
across points a 
ming network. 

on the indicator 
and b of the sum-
To obtain a null, 

EXPANDED N/R SCALE FEATURE 

This feature obtains increased accuracy and readability from the N/R 
circuit. Scale expansion is accomplished by inserting the N/R potentiom-
eter into any quarter of any coarse N/R range output, thereby expanding 
the readability of the N/R dial by a factor of 4. 

The position of the coarse N/R switch will determine one of 3 inde-
pendent gain levels, x1, x5 or x10, for isolation and booster amplifiers 
7 and 8. These gain levels determine the coarse N/R ranges, 0-1, 0-5 or 
0-10, with respect to the signal amplitude of V,. Any quarter of any 
coarse N/R range may be expanded over the entire N/R dial by the fine 
N/R switching circuit. For example, if the 0-1 coarse N/R range is 
being used, the 0.50 to 0.75 portion of this range may be expanded over 
the N/R dial by positioning the fine N/R switch to 0.50-0.75. When 
using the expanded N/R scale feature, any N/R can be calculated by 
using 

1 N/R dial reading = (N/R — LI)(—'000 - —) (a) 
1,2 

where N/R = desired null ratio, L, = lower limit of fine N/R control 
(zero if no expansion is used) times upper limit of course N/R control, 
L2 = upper limit of coarse N/R control, a = 4 when expansion is used 
and one if a = 1 for no expansion. 
The voltage across the N/R potentiometer is summed into the inverter 

adder amplifier 9. The output amplitudes +VeZ.42 and —V2zqi, are directly 
related to the settings of the coarse and fine N/R switches. 

the phase and voltage relationship 
of the signals at these points must 
be 

—AI', La = 

and -FA V2 Z Of =  VI 

respectively, where — La =Ls. As-
suming the amplifier under test is 
noiseless and utilizing a low-fre-
quency-response a-c vtvm or cro as 
the null indicator, the null will 
theoretically be zero; that is, the 
differential signal between a and b 
will be zero. The values of phase 
shift and null ratio of amplifier A 
are read directly from the two 
dials. 
Hereafter, null ratio will be desig-
nated as N/R, where 

N/R = 1/Gain 

Blocks V, and V, (Fig. 2) must 
possess certain characteristics. 
Block V, must have a constant volt-
age and adjustable phase with re-
spect to V„ and V, must have an 
adjustable voltage and constant 
phase with respect to V,. 
The adjustable-phase constant-

voltage characteristics of V, are 
obtained from a 10-turn quarter 
(90 deg) cosine-sine potentiometer 
having a dual dial that consists of 
an outer and inner scale. The outer 
scale is divided into 10 parts, each 
of 9 deg. The inner scale is divided 
into 9 major parts of 1 deg and 
each part is subdivided into 10 
parts, giving a readability of 0.1 
degree. 
The adjustable-voltage constant-

phase characteristics of Vz are ob-
tained from a 10-turn linear poten-
tiometer having a dual dial. A total 
of 1,000 divisions is equally divided 
giving a readability of 1/1,000 of 
the total voltage across the poten-
tiometer or 0.1 percent. 

Consider now the generation of 
V,. The zero-reference signal, 
which is the output of amplifier 2 
of the 4-cps oscillator, is fed to the 
± E terminal of the cosine section 
of the cosine-sine potentiometer. 
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of Subaudio Differential Amplifiers 

null ratio at subaudio frequencies. Tests servo amplifiers of a missile 

4 

e 

Output of amplifier 3, which is an 
integrator, and output of amplifier 
4, which is an inverter, will be 
minus or plus 90 degrees out of 
phase with respect to the zero ref-
ence signal. The position of S, will 
select the phase relationship. Since 
the signals applied to the cosine-sine 
potentiometer are equal in magni-
tude, their vector sum gives a con-
stant-amplitude and adjustable-
phase-angle signal. Thus the output 
of amplifier 5 is a signal having con-
stant magnitude but adjustable 
phase. Amplifiers 5 and 6 are in-
verter adders having unity gain, 
whose outputs + V, Z 13 and — V, Z13 
are equal in magnitude but opposite 
in phase. 
The variable-voltage constant-

phase signal, V. originates from 
the zero reference signal. The zero 
reference signal is fed through the 
coarse N/R switching circuit, 
through the isolation and booster 
amplifiers 7 and 8, and into the 
fine N/R switching circuit. The 
signal at the arm of the N/R po-
tentiometer is summed into ampli-
fier 9. Since amplifiers 9 and 10 
are inverter adders having unity 
gain, their outputs, + V2L (I) and 
-17,:ze are equal in magnitude but 
opposite in phase. 

Six design requirements are ful-
filled in achieving the accuracy, 
readability and simplicity of this 
instrument. These requirements 
involve: generation of the subaudio 
signal, signal V, and of signal V,; 
obtaining accuracy and readability 
of phase-shift and N/R measure-
ments; and adding d-c bias levels 
to the V, and V, signals. 

Amplifiers 1, to 4 generate the 
subaudio frequency and obtain the 
phase relationship of this signal. 
To sustain oscillation in the oscil-
lator, which consists of amplifiers 
1, 2 and 3, the total loop gain of 
these amplifiers must equal one. 
Fixing feedback resistors R, and 
R, in the oscillator and inverter, 

REF 
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V, 
FIXED V .8 
ADJUSTABLE 
PHASE 

+VIA 

kg' PHASE 
SHIFT 

V2 

ADJUSTABLE 
V B FIXED 

PHASE 

V2 L I 

V2 LO 

4-e NULL RATIO 

FIG. 1—Null-ratio and phase-shift measuring setup 
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Author and Ms instrument. Instrument is part of a test console used to 
test servo amplifiers of a missile 
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FIG. 2—Drawing shows how measuring instrument is hooked up to differential 
from d-c bias blocks indicate that these connections may o r may not be made 

respectively, at 1 Megohm estab-

lishes the magnitude of summing 

resistors R, and R„ these magni-
tudes being large enough to cause 

negligible loading on amplifiers 1 

and 3, respectively. Capacitors C, 

and C2 may be selected for conveni-

ent and practical values, but damp-

ing resistor R,, must be at least 20 

times X, at the frequency of oscil-

lation. 

Therefore R5 can be neglected in the 
analysis. 

Writing the total loop equation 

— — = 1 
e2 ea (1) 

relationships can be determined 

for R., R3 and R7. To establish the 

same signal amplitude applied to 

the sine and cosine sections of the 

cosine-sine potentiometer, the gain 

of the integrator stage, amplifier 

3, must be fixed at unity. Let R, = 
1/co C% at the desired frequency. 

Then 

e2/e1' = 1 (2) 

If the conditions of Eq. 2 exist, 

then Eq. 1 becomes 

(e3/e2) X (Wes) = 1 

From Fig. 2 

e3/e2 = X ci/R6 = licoCIR6 

since X,, << R3. Also from Fig. 2 
edes = R,/113. Therefore 

es X el 1 RI = 
wu 'Ka is 

or Rd R, 
The feedback loop of Zener diode 

D„ a double-anode diode, resistor 

R. and the associated circuitry gov-

ern the output voltage level. The 

zener voltage of Di, divided by 2, 

will establish the approximate 

magnitude of the zero-reference-

signal amplitude. This voltage can 

be varied approximately -±-50 per-

cent by R55 the oscillator amplitude 

control. Accuracy and stability of 

the frequency depends critically 

upon the tolerance and stability of 

the components in the oscillator. 

With respect to generating V,: 
if amplifiers 5 and 6 have unity 

gain, the differential output be-

tween and —ViLB will be 

amplifier 

—o-

-o-
AMPL 

▪ +e 01 

R12 
M 

•v, Z±3. 

LP 
 /4E 02 

A= 

▪ SUMMING 
NET 

3 IM 

4 1K, 

1M 

NULL 
INDIC-
ATOR 

-V Ab 
VrADJ.V, FIX ED PHASE 

+V2 Z4._.) 

1M 

M 
A MPL 9 

A= I 

'975K 
500K‘ 

:›50K 

AMPL 
102 

K 

10K 

D-C BIAS 2 

under test. Broken-lines 

twice the zero reference signal; 

amplifier 6 must always retain 

unity gain, and resistors R„ 

through R,„ must have a -±0.1 per-
cent tolerance to obtain a ±-0.1 per-

cent tolerance of the output signal 

levels, with respect to V2. 

As to generating V2, the same 
conditions apply for increasing or 

decreasing the differential output 

signal level of V 2 as for V,. How-

ever, output will be limited by the 

output characteristics of the op-

erational amplifiers in the V 2 cir-

cuit. 

Phase-shift accuracy is directly 

dependent upon the conformity of 

the cosine-sine potentiometer. To 

avoid destroying some of this con-

formity by other circuit compo-

nents, the cosine-sine potentiometer 

resistance value must be carefully 

chosen. The value must be high 

enough to avoid loading the output 

of amplifiers 2, 3, and 4 but it must 

also be low enough to minimize the 

shunting effects of R„ and 

Readability of phase shift depends 

upon the type of cosine-sine po-
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tentiometer and type of dial. A 
quarter cosine-sine potentiometer 
gives twice the readability with 
the same dial when compared to a 
half cosine-sine potentiometer. 
The problem of obtaining good 

N/R accuracy is similar to obtain-
ing good phase-shift accuracy. A 
high linearity (-±-0.05 percent) 
multiturn potentiometer should be 
chosen for the N/R control. Read-
ability of N/R's is excellent due to 
the use of a dual dial, a 10-turn po-
tentiometer, and the expanded-
scale feature of the fine N/R 
switching circuit. 
The expanded-scale feature of 

this instrument is discussed in de-
tail in the editorial box on the first 
page of this article. 
The d-c bias blocks can be used 

to add d-c bias levels to the a-c sig-
nals of +V, Z13, —V, ¿ 0, +V2 
and — V2Z fk. Consider the effect of 
connecting d-c bias block No. 1, 
which is shown in Fig. 3. The set-
ting of R, is directly reflected at 
+e., and +e,.2. The resistance of R. 
+ R. must be equal to R.. Output 
of amplifier 5 will therefore always 
be equal in magnitude to the input 
—e„ that is —e, = e„, I. Ampli-
fier 6 now has two signals summed 
into it, the output of amplifier 5. 
and —e,. The circuit of amplifier 6 
acts as a one-to-one inverter with 
respect to the output of amplifier 
5 since R„ = R,„ but it acts like a 
one-to-two inverter with respect 
to —e,, since R,, = R„/2. The volt-
age gain through the circuit of am-
plifier 5 is 

eel = — Rio/Rr)(— el) 

where Rio = RT, and RT = R. + R.. 
Determine voltage +eo,„ from 

—RI2 
502 = R 2 X eol J1 X—e, 

47 

The operational amplifiers in am-
plifiers 5, 6, 9 and 10 are chopper 
stabilized to minimize off-set d-c 
levels at the outputs. 
The null ratio calibrator (Fig. 

4) which is a voltage-summing de-
vice using high-quality resistors 
to obtain good stability and ac-
curacy, is used to calibrate the in-
strument. 
The null ratio calibrator has two 

functions: it determines the volt-
age ratio between two signals that 
are opposite in phase and it can 
determine the variable signal volt-
age needed to arrive at any ratio 

R16 

50 /I 

R10 

M 

ASIR. 5 

P15 
975 K 

R11 
1 ni 

1M 

AMPL 6 

R17 
5 0 0 K 

FIG. 3—Connection of d-c bias block 
of Fig. 2 

with respect to a reference signal 
of opposite phase. 

Calibration of the null ratio 
calibrator consists of accurately 
measuring, to at least -±-0.05 per-
cent the value of R, with R, set to 
a maximum. Since ratios are de-
sired and not actual values, the 
values of RT,, Rr„ and RT„ are ad-
justed to 0.1 R, 1 R, and 10 R, re-
spectively. All values must be ad-
justed to an accuracy of ±-0.05 per-
cent. 

Calibration of the instrument 
consists of: d-c balancing the op-
erational amplifiers, calibrating 
the zero reference signal ampli-
tude, the d-c bias, the phase-shift 
dial, and performing N/R circuit 
adjustments. 
The d-c balancing consists of ad-

justing the amplifier bias control 
for minimum off-set voltage at the 
output of the amplifier. Each am-
plifier may be adjusted separately 
before the chopper stabilizing am-
plifier is connected. 
The zero reference signal am-

plitude is adjusted by R., (Fig. 2) 
to the design value. Since ratios, 
not voltage magnitudes, are impor-
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0-1 

RATIO 
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12. R34-R6 

FIT3.R2+1213 
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FIG. 4—Null-ratio calibrator 

to fixed-v 
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-150 

-11.0K 

-e, RI4 
10K 

adjustable-phase 

+e0 1 

+eo2 

K.X 1,000 

section 

tant, the accuracy of the instru-
ment used for this measurement 
is relatively unimportant. 

In calibrating the d-c bias, the 
trimming potentiometers used in 
the d-c bias circuit are adjusted. 
These adjustments compensate for 
errors in the tolerance of compo-
nents used in amplifiers 5, 6, 9 and 
10 and reduce off-set voltage that 
may exist in the output of these 
amplifiers. 
One method of calibrating the 

phase shift dial's zero point is to 
connect a short between points 1 
and 3, and another short between 
points 2 and 4 of Fig. 2, with the 
amplifier under test removed. Since 
the V, and V, signals are opposite 
in phase, they can be fed, at a one-
to-one ratio, to the summing net-
work inputs. Adjustments of the 
phase shift dial will result in a null 
on the indicator, thereby establish-
ing the zero phase shift setting on 
the phase shift dial. 
The N/R circuit adjustments are 

made with the null ratio calibrator. 
The procedure is to set the phase 
shift dial to zero and connect the 
reference signal, the final voltage 
level at the output of + VILA to 
the desired N/R range of the ref-
erence input of the null ratio cali-
brator. The variable signal input, 
—V2Z4), is fed to the variable-sig-
nal input of the null ratio cali-
brator. The ratio indicator dial of 
the calibrator is set to the ratio 
value. With the coarse and fine 
N/R switches and the N/R po-
tentiometer set to the N/R read-
ing, the calibration controls in 
these circuits are adjusted until a 
null is achieved on the null indi-
cator connected to the null ratio 
calibrator. 
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D-C SUPPLIES (ADJUSTABLE) 

0 -1,000V 

V2. 0 - 700 V 
DECADE RESISTORS 

rd = 10K - 2M 1' 1).100 OHMS-5K 

re = 1M -10M re. 0-200 OHMS 
METERS (WITH APPROPRIATE RANGES) 
M1 0-2 AMPS M2 0-1 AMP 

(C) 

Collector characteristics with bias points (A); r-equivalent circuit (B); and simulator circuit for solving simul-
taneous equations (C) 

Simulating Transistor Amplifiers 

Uses resistor network to save time in determining optimum design 

By A. R. BERDING 
R. H. BREEDLOVE, 
IBM Federal Systems Div., 
Owego, N. Y. 

DESIGN of class A transistor am-
plifiers for operation over a range 
of temperatures is complicated by 
transistor parameter variations and 
bias point stability. Parameter var-
iations between transistors with 
temperature and with life make it 
impractical to attempt circuit evalu-
ation using limit transistors. This 
article describes a transistor cir-
cuit simulator for determining bias 
point limits for amplifier stages, 
a-c gain and input impedance. 

In the past, bias limits have been 
approximated using the stability 
factor S = 812/81,0 where L = col-
lector current, and Lo = collector 
cut-off current. However, this ap-
proach assumes Lo to be the only 
variable appreciably affecting bias 
point, and inadequate results have 
been obtained for silicon transistors 
at higher temperatures because 
parameters other than Lo vary with 
temperature. 

For d-c operation of transistors 
(A) bias points are Q, and Q2 and 

= /0 + ai,, + VO/rd where: 
= collector current; 10 = col-

lector current with zero base cur-
rent; a = current gain; j,, = base 
current; V, = collector voltage; 
and 7-.2 = slope of collector charac-
teristics. Note that Q, is in the 
negative base-current region. Tran-
sistors operate normally in the 
negative base-current region as 
long as Q, does not swing to cutoff. 
Cutoff occurs approximately where 
= —/„0. 
Operation in the negative base 

current region can be better under-
stood in the r equivalent circuit 
(B) where I0 = 0 when ai, = 0 and 
= 0 when it, = Lo. Here L = 
+ ai, + V ,/r„ = 1,0 + a (i. + 

120 ± V dr„ = (a + 1) ai,, + 
V,/r„ = 10 aib + V./rd. The 
emitter circuit used in this d-c 
equivalent circuit can be justified 
by a sketch of a transistor's emitter 
current versus base to emitter volt-
age. 
The d-c equivalent circuit can be 

used for analysis of the operating 
bias point stability in circuit de-
sign. This involves drawing the 
circuit, writing the loop or nodal 
equations, and then solving them 
for the collector current. Bias point 
limits I0„,,„ and L,„ are obtained 
by substituting each set of extreme 
transistor parameters into the 

equations and solving simultane-
ously. 

However, the complexity of solv-
ing simultaneous equations for a 
two-transistor stage led to the lab-
oratory construction of another 
equivalent circuit (C). Here the I. 
limits are read directly from milli-
ammeter M1 when Vb = ai, r0. Thus, 
manual adjustment of V, simulates 
transistor action. Values of 10 agree 
with the computed values within 
the accuracy of the meter used. The 
two-transistor stage amplifier was 
redesigned with each component 
change requiring only a short set-
up time to obtain maximum and 
minimum L limits. 
A permanent self-contained model 

of the equivalent transistor circuit 
was then built including the capa-
bility of d-c stability determina-
tion, a-c gain and input impedance 
measurement, the latter two being 
derived from an a-c equivalent cir-
cuit. 

Although the measured limits of 
the qualities of interest were close 
to those that were hand calculated, 
neither the calculations nor the 
simulator can duplicate the opera-
tion of a limit transistor since the 
limit transistor is a nonlinear 
device. 
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS 

New Transportable Radar Directs 

Precision Air Support 

Front-Iine ground forces can now obtain all-weather, close air support, 
—when and where needed—with the new lightweight AN/TPQ-10. This 
is the first helicopter-transportable, high-accuracy control radar for pre-
cision air support. Developed for the U. S. Marine Corps by General 
Electric's Heavy Military Electronics Department, the versatile new sys-
tem can also provide aircraft control for emergency supply airdrops, 
paratroop placements and aerial mapping. 17607 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

DEFENSE ELECTRONICS DIVISION • SYRACUSE, NEW YORK 

Progress /s Our Most Important Product 

GENERAL ELECTRIC 
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Letter-Code Designations for 

Microwave Frequency Bands 

By LEO V. McNAMARA, 
Applied Dynamics Division, 

Atlee Corp.. 

Waltham, Mass. 

SEVERAL standards for designat-
ing microwave frequencies have 
been adopted by governmental, 
industrial and professional 
groups. These vary from a band 
number designation based on 
powers of 10 to a descriptive 
designation such as vif, l-f, m-f, 
h-f, etc. signifying very low fre-

quency, low frequency, medium 
frequency, high frequency and 
so on. 
Microwave engineers have 

largely ignored these systems, 
and use instead letter designa-
tions for the various frequency 
bands. These band code letters 
were originally military project 
security codes, and have since 
drifted into common use. 
A sampling of manufacturers' 

catalogs reveals that only three 
of the many waveguide ranges 

are designated consistently: the 
S, X and K bands, representing, 
respectively, 2.6 to 3.95 Gc. 8.2 
to 12.4 Gc, and 18.0 to 26.5 Gc. 
In another instance, waveguide 
range 26.5 to 40.0 Gc (WR28) is 
called V band by two manufac-
turers, while three others name 
it U, R or IL 

This chart, compiled from the 
best available sources, is offered 
as a useful reference. The data, 
however, is not necessarily offi-
cial. 

P BAND 

FREQ. X 

0.225 

0.390 

S BAND 

SUB FREQ. X 

133.3 1.55 
E 

76.9 1.65 

LUIFTELE%1ADIN BAND 

Channels 14 thru 83 
0.470 to 0.890 Gc 

C DeSitrBiltiOD 

includes Sz thru X v 
from 3.9-6.2 Go 

19.3 X n\sn 

18.2 sun rag', 

1.65 18.2 5.20 5.77 
A S 

1.85 16.2 5.50 5.45 

K n %No Q BAND 

SII'D FREQ. X SUB FREQ. X 

10.90 2.75 36.00 0.834 
A 

12.25 2.45 38.00 0.790 

L BAND 1.85 

SUB FREQ. X 2.00 

0.390 

0.465 

0.465 

76.9 

64.5 

64.5 

0.510 58.8 

0.510 58.8 

0.725 41.4 

0.725 41.4 

16.2 5.50 5.45 
E 

15.0 5.75 5.22 

12.25 2.45 38.00 0.790 

13.25 2.26 40.00 0.750 

2.00 15.0 5.75 5.22 
Y 

2.40 12.5 6.20 4.84 

2.40 12.5 6.20 4.84 
D U 

2.60 11.5 6.25 4.80 

13.25 2.26 40.00 0.750 

14.25 2.10 42.00 0.715 

14.25 2.10 42.00 0.715 
D 

15.35 1.95 44.00 0.682 

Y 
2.60 11.5 6.25 1.80 

2.70 11.1 6.90 4.35 

Y G 
0.780 38.4 

0.780 38.4 

0.900 33.3 

0.900 33.3 

0.950 31.6 

0.950 31.6 

1.150 26.1 

1.150 26.1 

1.350 22.2 

1.350 22.2 

1.450 20.7 

1.450 20.7 

1.550 19.3 

2.70 11.1 6.90 4.35 

2.90 10.3 7.00 1.29 

S 
2.90 10.3 7.00 4.29 

3.10 9.68 8.50 3.53 

3.10 9.68 8.50 3.53 
A 

3.40 8.83 9.00 3.33 

3.40 8.83 9.00 3.33 
S N 

3.70 8.11 9.60 3.13 

15.35 1.95 44.00 0.682 
E 

17.25 1.74 16.00 0.652 

17.25 1.74 V BAND 

20.50 1.46 SUB rato,. 

20.50 1.46 46.00 0.652 
A 

24.50 1.22 48.00 0.625 

24.50 1.22 48.00 0.625 

26.50 1.13 50.00 0.600 

26.50 1.13 50.00 0.600 

28.50 1.05 52.00 0.577 

H 
3.70 8.11 9.60 3.13 

3.90 7.69 10.00 3.00 

3.90 7.69 10.00 3.00 
A 

4.20 7.15 10.25 2.93 

28.50 1.05 52.00 0.577 

30.70 0.977 54.00 0.556 

30.70 0.977 54.00 0.556 
E 

33.00 0.909 56.00 0.536 

D 

33.00 0.909 KI n uu Designation 
includes K u thru K Q 

36.00 0.834 15.35 to 24.5 Cc 

4.20 7.15 10.25 2.93 LEGEND: sun = Identifying subletter. 
K rais. = Band limits in Gigacycles. 

5.20 5.77 10.90 2.75 X =Equivalent wavelength in centimeters. 
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Exclusive new sealed miniature pot, 
built to meet mil specs, virtually 
eliminates environmental problems, 
yet is priced low enough for broad 
commercial applications 

"0" RING 
SHAFT SEAL 

SOLDER LUG 
TYPE 

TERMINALS 

SPRING TEMPER 
CORROSION 
RESISTANT 
CONTACT 

HARDENED 
TORQUE 
SPRING 

HIGH IMPACT 
HEAT RESISTANT 
PLASTIC CASE 

PT 3/4 

J 

111111111111-

\11:1  i 4 .....,„ i ,...... ,_,. 
.-beil midi  e .----iet-- 

t eilliktlmi lleir im,..„ ..P. 

BRIGHT NICKEL 
PLATED BUSHING• 

AND SHAFT 

PRECISION 
WOUND 

RESISTANCE 
ELEMENT 

HIGH 
TEMPERATURE 
SOLDER FOR 
RELIABLE 
WINDING 

TERMINATIONS 

Waters new PT plastic case pot seals out salt spray, humidity., 
dust, corrosion, moisture, vapors—the environmental factors that 
impair reliability and shorten life. Meets MIL-R-19/1A. Exclusive 

3/4 " dia, design achieves military reliability at a cost no higher than many 
commercial grade pots! Resistance range, 10 to 20,000 ohms ±5%. Dissipates 1.5 
watts at 40°C. Available with split or plain bushings. Write for Bulletin PT 760. 

WATERS MANUFACTURING, INC. - WAYLAND • MASS. 
• OSCILLOSCOPES POTENTIOMETERS • COIL FORMS • POT HOOK È PANEL MOUNTS TORQUE WATCHe, GAUGES • TORQUE CALIBRATORS 
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RESEARCH AND DEVELOPMENT 

Semiconductor Diode Circuit Provides Gain 

By S. RITTERMAN, 
Picatinny Arsenal, Dover, N. J. 

AMPLIFICATION can be achieved 
using the voltage-current charac-
teristic of semiconductor diodes. 
Considerable attention has been 
given recently to amplification 
based on other diode properties 
such as tunneling' and capacitance 
changes.' However, little attention 
has been given to diode forward-
reverse characteristics as a means 
of amplification. 

Using this characteristic of di-
odes to amplify was originally in-
vestigated by A. W. Holt at the Na-
tional Bureau of Standards' and the 
principle was patented.' The aim of 
these studies was to use diode am-
plifiers in digital computer circuits 
such as pulse repeating stages and 
flip-flops. 

In this type diode amplifier, the 
low resistance of a semiconductor 
diode when biased in the forward 
direction permits current flow. 
When bias is suddenly reversed, 
carriers in the diode continue to 
permit current flow for a finite time 
after bias has been reversed. Dur-
ing this time, a reverse transient 
current flows until the steady-state 
reverse-bias condition has been es-
tablished. By controlling this phe-
nomenum with an input signal, gain 
can be achieved. 
The power supply for the diode 

amplifier in the figure provides a 
half-wave rectified voltage. The in-

POWER 
SUPPLY 

AMPL DIODE 

LOW PASS 
FILTER 

LOAD OUT 

Half-wave rectified input signal is 
amplified using half-wave rectified 
voltage for power supply 

put signal is also a half-wave recti-
fied voltage having a frequency 
equal to or lower than that of the 
power supply. 
When input voltage is at zero, 

there is no output across the load 
because power supply voltage is 
either zero or is blocked by the 
diode. If input voltage becomes 
positive while power supply voltage 
is zero, signal current can flow 
either through the load resistor or 
through the diode and power sup-
ply. If combined diode and power 
supply impedance is much lower 
than load resistance, most signal 
current will flow through the diode 
and power supply and carriers will 
be produced in the diode. 
As power supply voltage in-

creases beyond the level of signal 
voltage, the diode is reverse biased. 
During the interval that carriers 
remain in the diode, power supply 
voltage appears across the load. The 
input signal thus controls an output 
of greater magnitude through the 
diode and gain is achieved in the 
circuit. 
One condition for operation of 

the circuit is that maximum power 
supply voltage cannot exceed peak 
inverse breakdown voltage of . the 
diode. In addition, impedance of 
the power supply when its output 
is zero must be much lower than 
that of the diode so that most sig-
nal voltage is developed across the 
diode. 
A half-wave rectified input signal 

is required. However, all input in-
formation can be retained if a band-
width-limited signal is sampled at 
least at equally spaced intervals of 
twice the product of bandwidth and 
time duration. 

In the work of Holt, input and 
power supply frequencies were the 
same. However, in the present ex-
periments using an electronic 
switch, power supply frequency was 
considerably higher than signal fre-
quency. Oscilloscope photographs of 
input and output waveforms were 
made. Deflection of both the single 

(A) 

Gains of about 1.5, 4 and 4 were 
achieved at (A), (B) and (C), re-
spectively with different signal-
power supply frequency combina-
tions 

bright line representing the input 
waveform and the higher frequency 
envelope of the output wave was 0.5 
volts per division. 
With the half-wave rectified 100-

cps input signal at (A) and a half-
wave rectified power supply fre-
quency of 0.5 Mc, voltage gain was 
slightly more than 1.5. With 1-Kc 
input and 50-Kc power supply fre-
quencies, gain of almost 4 was 
obtained, as shown at (B). Gain 
of about 4 was also obtained with 
the 100-cps input signal shown at 
(C) in the figure using a power 
supply frequency of 5 Kc. 
No attempts have yet been made 

to achieve maximum gain or to de-
sign an optimum circuit. Applica-
tions of the diode amplifier are not 
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Positive Proof: TI HARD GLASS ENCAPSULATED RESISTORS Give You Unexcelled Resistance to Thermal Shock 
Make this dramatic test yourself and discover why Texas 

Instruments hard glass encapsulated carbon film resistors 
outperform those of any other construction. First torture 
the resistor by immersing it in molten solder at 350°C — 
then quickly dip it in water. Now, test the device for electri-

cal stability and mechanical intactness and you'll find as we 
have that these precision hermetic resistors are completely 

unaffected by violent thermal shock. Such performance is 
possible ONLY because TI type CG "Vs and CG 1/4 resistors 

are protected by a hard glass encapsulant and entirely 
solderless construction. These same features virtually elimi-
nate possible damage to the resistors during installation 

in your assemblies. 

The extreme thermal shock test is only one of many tests 
that have proven over the past two years that TI type CG 1/8 
and CG 1/4 resistors are virtually indestructible. Over eleven 
million unit hours of test data have been compiled on mois-
ture resistance, thermal shock, extended overload, and load 
life to prove that TI hard glass encapsulated resistors give 
you reliable performance under all environments and operat-
ing conditions. When you specify TI CG 1/8 and CG 1/4 

hermetic resistors, you can be assured of getting the most 
rugged, reliable, precision resistors available ... at prices 
you would pay for ordinary resistors! 

Take advantage of the proven reliability of TI hard glass 
resistors ... order them today through your nearby TI Sales 
Office or authorized TI Distributor. 

o 

2.0 

1.5 

1.0 

0.5 

o 
—0.5 

—1 0 

—1.5 

—2.0 

EXTREME THERMAL SHOCK TEST DATA SUMMARY 
50 CYCLES DURATION —65°C TO 155 C HIGH 

HIGH 

MIL-SPEC LIMITS FOR ONLY 5 CYCLES 
HIGH 

HIGH AVG. I AVG. 
AVG. 

LOW 

CG 1/4 
TI GLASS I COATED 

HERMETIC RESISTOR. 
100 SAMPLES l 60 SAMPLES 

.r  

LOW 

z sIRIBU TOR s„ 

4-

0 >,-
f., 1... 

e. .i. ..7 

4▪ ' 
• De,e 

LIVERY . DE"' 18160 

LOW 

MOLDED 

260 SAMPLES 

SEMICONDUCTOR-COMPONENTS 
DIVISION 

PLANTS IN DALLAS TEKAS 

BEDFORD. ENGLAND 

AND NICE. FRANCE 

CERAMIC 
HERMETIC 

140 SAMPLES 
(1/2 LEAKED) 

SPECIFICATIONS 
MUM SIZE 

TI 
type 

number 
wattage 
rating 

MIL 
designation 

standard 
resistance ranges 

maximum 
recommended 

voltage 

— watts — — volts 

CG1/4 IA RN6OB 24.911 to 1 meg0 350 

CG Ye 1/4 None 100 to 100k 250 

Call or write today for complete specifications on Ti s Cfil '/4 and C01/2 resistors, or any o 
Ti's complete line of semiconductors and components 
silicon and germanium transistors, diodes and rectifiers, precision resistors, sensIstorrt silicon 
resistors, tan-TI-cae tantalum capacitors. 

° TEXAS INSTRUMENTS 
c) INCORPORATED 

13500 N. CENTRAL EXPRESSWAY 
P. 0. BOX 5012 DALLAS 22. TEXAS 
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from Frontier... 

NOVI. 

For detallo write Dept. TR-6 

C) 1961 Frontier Electronics Co. 

n 
on ... 

[ -.•,..amis.............-_21811169111ti,;.:. ' 

nuxt 

SUBMINIATURE 
FREQUENCY 

CONTROL DEVICES 

oscillators • secondary and portable 
standards • converters (frequency 
and subminiature DC-DC voltage) 
• R. F. oscillators • frequency 
control systems • precision 
engineered accuracies to meet any 
requirements . . . from parts per 
10,000 commercial spec. . . . 
to parts per billion full mil-spec. 
• special developments 
Absolute reliability, "advanced-art" 
fully solid state packaging 

*Three years to date with no "in-flight failures". 

ELECTRONICS CO. 

4600 Memphis Avenue • Cleveland 9, Ohio 
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MICROWAVE 
DELAY LINES 
where accuracy counts 
In delay lines, where exacting 
design and construction stand-
ards apply, look to Turbo. 

Turbo designs are available, with 
complete testing, for both fixed 
and variable systems, for wave-
guide and coaxial lines, from 
1 to 26 kmc, from 0.01 to 2.5 
microsecond. Write for complete 
specification and price data for 
standard units. Or ask about 
special designs involving prob-
lems of space, configuration, and 
performance. 

TURBO MACHINE CO., Lansdale, Pa. 
Telephone: Ulysses 5-5131 

TURBO 

presently being investigated. How-
ever, it is hoped that further work 
with the circuit will bring applica-
tions to light for which the circuit 
will be well suited. 

REFERENCES 
(1) H. G. Diu and M. R. MacPherson, 

Tracing Tunnel Diode Curves, ELECTRON-
Ica, p 62, August 5, 1960. 

(2) W. W. Mumford, Some Notes on 
the History of Parametric Transducers, 
Proc IRE, May 1960. 

(3) Diode Amplifier, NILS Tech Nen's 
Bulletin, 38, October, 1954. 

(4) U. S. Patent 2,879,409 to U. S. 
represented by Secy of Comm. 

Gear Measures Lifetime 
Of Minority Carriers 

ZURICH—Lifetime of minority car-
riers in semiconductor materials 
can be determined with a newly de-
veloped instrument. The apparatus 
was designed so that it can be op-
erated by unskilled personnel or 
can be made fully automatic. 
The test equipment was devel-

oped by Associated Electrical In-
dustries Ltd. and is described in 
British Patent specification 860,433. 
Operation is based on the fact that 
when a semiconductor material is 
illuminated with a light of varying 
intensity, photoconductivity lags 
the change in illumination. The an-
gle of lag of photoconductivity rela-
tive to the change in illumination is 
a function of minority carrier life-
time. 

In the test instrument, the semi 

High-Power Uses Studied 
For Silicon Trinist,ors 

Feasibility of using experimental 
silicon-Trinistor controlled recti-
fiers for high power applications is 
studied in Westinghouse prototype 
rectifier that will supply 1,200 amp 
at 250 volts 
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conductor material under test is il-
luminated by one pulsating light 
beam. A second pulsating light 
beam illuminates a photocell si-
multaneously. Illumination from 
the two light sources is varied so 
that a fixed phase relationship is 
maintained between them. 
The signals from the photocell 

and from the semiconductor sample 
are amplified and then combined in 
a phase-sensitive detector. Output 
from the detector is then used to 
determine minority carrier lifetime 
in the semiconductor material. 

Fast Electron Dose From 
Narrow Beam Is Calculated 
PENETRATION in air of fast elec-
trons from a beam source has been 
calculated. Possible applications of 
this information include determin-
ing spacial distribution of the dose 
in therapy involving electron beams 
and estimating the resolving power 
of large single crystals in high-
energy radiography. 
The work, sponsored by the 

Atomic Energy Commission, was 
carried out by the National Bureau 
of Standards.' It was part of a pro-
gram to develop methods of calcu-
lating dose from a source geometry 
involving two spacial variables. 
The calculation was based on a 

collimated beam of monoenergetic 
electrons originating at a point in 
the medium. As the electrons move 
about, their energy is dissipated. 
The objective of the experiment 
was to determine the energy dissi-
pated in a small volume described 
in terms of specified distances from 
the point source and from the cen-
ter line of the initial beam. 

Calculated energy dissipation 
distributions for fast electrons in 
infinite and homogeneous media 
have been reported for the simplest 
source geometries." The new cal-
culation is an extension of this ef-
fort. It is a special application of 
the moment-fitting techniques de-
veloped at NBS. This approach was 
initially applied to x-ray penetra-
tion.'' 

REFERENCES 
(1) J. E. Crew, Calculated Energy Dis-

sipation Distribution in Air by Fast Elec-
trons from a Gun Source, J Res NBS, 65A, 
113. 1961. 

(2) L. V. Spencer, Ploys Rev, 98, 1955. 
(3) L. V. Spencer, NRS Mono, 1, 1959. 
(4) L. V. Spencer and U. Fano, J Res 

NHS, 46, 1951. 
(5) Fano, Spencer and Berger, Eneye 

Ploys, Springer-Verlag, 88, Part 2, 1959. 

Is your advertising selling 
the same four key buyers your 
salesmen call on? Competi-
tion demands it! Only adver-
tising in electronics reaches 
and sells the electronics man 
wherever he is: in Research, 

TODAY YOU MUST SELL ALL FOUR! 

Now... assemble the finest: 

A Professional Quality 
CUSTOMIZED 

TV KIT 
ON EASY 

"PAY AS YOU WIRE" TERMS * 

* Designed for the perfectionist 
seeking maximum performance. 

* Easy to assemble; no technical 
knowledge required. 

* An ideal "Learning" Kit with 
o complete Course of Study 
is available. 

Professional Quality Features 

The Transvision "Professional" Model 
TV Kit (or Assembled Chassis) is 
designed to satisfy those video-and-
audiophiles who seek the best possible 
performance of which the art is capable. 
Nevertheless, the kit builder can assem-
ble this chassis for less than the cost of 
an ordinary receiver. 

Note these unique features: 
• Hi-Fi Audio (with 2 EL-84 output 

tubes, oversize audio output trans-
former, Woofer-Tweeter Speaker Sys-
tem with heavy magnets and cross-
over; Extended Range Tone Control). 

• Ultra-linear sweep circuits; D.C. res-
toration; Standard Coil Guided Grid 
Turret Tuner with provisions for 
UHF and special low noise tubes; 4 
megacycle picture bandwidth; 10 mi-
crovolt sensitivity. 

• Heavy-duty power supply (power 
transformer, two low voltage rectifier 
tubes— no silicon rectifiers). 

TRANsvisio 
Pioneers in Television Kits 

Design, Production, and Man-
agement. Put your advertis-
ing where it works hardest ... 

in electronics 

The TRANSVISION 
"Professional" 

*Only $15 for the Starting Package! 

ALSO AVAILABLE AS AN 
ASSEMBLED CHASSIS 

for custom installations 

• Heavy-duty ruggedized construction, 
no printed circuits; built to give trou-
ble-free performance for many years. 

• Includes newest reflection-free 23" 
tube with bonded face, or the 24" or 
27" CRT. 

• Selected because of superior perfor-
mance for use in Educational TV by 
over 3000 schools and colleges and 
U.S. Armed Services. 

ottemeed üselacebrisics? 
Learn the basic principles of 
electronics from the Complete 
Course of Study which is 
available with the Kit. 

As a preliminary, order the Assembly Instructions 
for only $2.00; to be refunded if you purchase kit. 

N NEW ROCHELLE, N.Y. 
• NEw Rochelle 6-6000 

  START NOW —• MAIL THIS COUPON   
TRANSVISION, New Rochelle, N. Y. Dept. ECS 

O Send Free 8-page Catalog 0 Enclosed is $2. for Assembly Instructions so that I might 
see how easy it is to assemble the Transvision Kit. I understand that this will be refunded if I purchase o kit. 

• Enclosed is $15 for the Stoning Package. I understand that I can buy packages one at a time 

as I wire. (Models range from $119 to $199.1 

Na me Address  

City Zone State  
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COMPONENTS AND MATERIALS 

Radiation Reports Aid Circuit Designer 
THE VITAL NEED for knowledge of 
the effects of space radiation on the 
electrical characteristics of mate-
rials, components, and systems used 
in the payloads of space vehicles 
will reduce the need for costly irra-
diation testing of many components 
of the same class. 
The results of one recent study 

on radiation behavior was recently 
obtained from a paper given by 
J. W. Kallander and J. F. Weller of 
the U. S. Naval Research Labora-
tory, Washington, D. C'. Also, the 
results of a nine months study of 
the status of radiation damage re-
search, awarded to E. E. Conrad of 
Diamond Fuze Ordnance Labs, will 
be wrapped up in a paper Conrad 
will deliver during the coming MIL-
E-CON session to be held at the 
Shoreham Hotel, Washington, D. C. 
on June 27'. At the same session, 
J. D. Meyer of Lockheed will pre-
sent a paper on the attenuation of 
electromagnetic radiation from Po-
laris'. 
The effects of high intensity 

pulsed nuclear radiation exposure 
on selected parts and materials used 
in critical, high-speed electronic 
circuits has been conducted at IBM 
under a project sponsored by 
USASRDL'. At IBM, an environ-
ment simulating the radiation 
effects of a nuclear weapon detona-
tion is used. And measurements are 
made of the change in electrical 
characteristics during exposure and 
for such a period of time as re-
quired for the part to stabilize. 

At• Stanford Research Institute', 
a program has been underway to 
determine radiation effects in mag-
netics and dielectrics that are the 
most sensitive to neutron radiation, 
and how this sensitivity is related 
to the compositional and structural 
perfection of the specimens. Rates 
of recovery of useful magnetic and 
dielectric properties are also being 
established. 
At the University of Pittsburgh', 

a program has been underway to 
investigate the effect of irradiation 
and subsequent annealing on the 
electrical and mechanical properties 
of pure crystal whiskers as com-

pared to amorphous materials in 
wire and single polycrystalline ma-
terials. Interpretation of data is 
directed towards the role played by 
crystal imperfection on electrical 
and mechanical properties of vari-
ous materials. 

The damage mechanism in a num-
ber of elements carefully chosen to 
reveal the underlying essential fea-
tures of the radiation damage proc-
ess is being investigated at General 
Electric'. Work on this includes 
the experimental determination of 
thresholds for the onset of damage 
and the nature of the imperfection 
content, crystal habit and crystal 
orientation. A quantitative model 
of radiation damage will be for-
mulated and its application tested. 
As pointed out in the paper by 

Kallander and Weller', the purpose 
of the U. S. Naval Research pro-
gram on radiation behavior studies 
is threefold: to correlate the known 
space radiation information in such 
a manner that the radiation en-
vironment can be determined for 
any specified satellite or space-probe 
orbit; to investigate all effects on 
components and materials; and to 
furnish consulting services in the 
space-radiation field. 
An accurate picture of the radia-

tion environment has been compiled 
from the standpoint of its use in 
determining the radiation fluxes to 
which satellites will be exposed. 
This picture is being kept up to date 
as additional data is compiled. 

Semiconductors present the ma-
jor radiation problem. To date, an 
emphasis has been put in the field 
of solar cells and their associated 
materials, also giving due attention 
to electrical insulation problems. 
Before the complete answers to the 
radiation problem can be uncovered, 
it is necessary to devise a practical 
simulation of the solar spectrum. 
Thicker shields for the solar cells 
are not the complete answer, since 
they will lower the efficiency of the 
cells. And in some cases even a thin 
shield may be more harmful from a 
radiation point of view. 
The Kallander, Weller paper pre-

sented data of the effect of electron 

irradiation on solar cell efficiency, 
load characteristics, and the effects 
of shielding discoloration. This 
paper also presented data on epoxy 
adhesives used to cement the solar 
cells to the satellite skins, with re-
lationships given for surface resis-
tivity in ohms cm plotted against 
radiation dosage in megaroentgens. 

E. E. Conrad of DOFL was 
awarded a Secretary of the Army 
Research Fellowship to investigate 
the status of radiation damage re-
search both in this country and in 
Europe, and his MIL-E-CON paper 
should be of considerable interest to 
electronic designers. 
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Materials and Components for Space Ve-
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Navy Science Symposium, Annapolis, 
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(2) Edward E. Conrad, The Status of 
Radiation Damage Research, Diamond 
Ordnance Fuze Labs.. Wash., D. C.: paper 
to be presented at the National Conven-
tion on Military Electronics, Shoreham 
Hotel, Wash., D. C., 27 June, 1961. 

(3) J. D. Meyer, Attenuation of Elec-
tromagnetic Radiation from Polaris. 
Lockheed, paper to be presented at same 
session as above. 

(4) Radiation Effects on Selected Parts 
and Materials, International Business 
Machines Corp., Contract DA36-039 SC-
85395, USASRDL. 

(5) Radiation Effects in Magnetics and 
Dielectrics, Stanford Research Institute, 
Contract AF 19(604)-4141, AFCRC. 

(6) Radiation Effects on Solids Using 
Cyclotron Irradiations, Univ. of Pitts-
burgh, Contract AF 19(604)-3906, AFCRC. 

(7) Radiation Damage Thresholds of 
the Elements, General Electric Co., Con-
tract AF 19(604)-5557, AFCRC. 

New Image Orthicons 
Roll Off Lines 

PRODUCTION MODELS of RCA's new 
4i-inch image orthicon television 
camera, now being shipped commer-
cially, were demonstrated at the re-
cent National Association of Broad-
casters convention. 

C. H. Colledge, Division Vice 
President and General Manager, 
Broadcast and Television Equip-
ment Division, described the TK-12 
as the first all-new studio camera 
since the advent of television and 
said it would further upgrade tv 
pictures. 
Compared with standard 3-inch 
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FM SYSTEM TEST OSCILLATOR 
Automatic FM multiplex test signal 
generator. All IRIG channels 
generated simultaneously. Automatic 

programmer. Adjustable dwell-time. 
Ultra-stable. Suitable as 
secondary frequency standard. 

MODEL GTO-3 

* PRECISION 
TEST EQUIPMENT 

LINEAR VOLTAGE-CONTROLLED 
SIGNAL GENERATOR 
Continuously variable from 200 cps 

to 500 KC. General purpose 
ultra-linear laboratory signal generator. 
Specifically adapted to FM 
modulation by external 0 to -±5 volt 
or ±-2.5 volt signal for ±.-7.5, 15, 

or 40% deviation. Moderate price. 

MODEL GSO-2 

FM SYSTEM CALIBRATOR-PRINTER 
Automatic FM data system calibrator 
and printer. Programmed printout 
calibration of multi-channel systems 
in seconds. All standard IRIG 
channels. Non-IRIG channel calibration 

available. 

MODEL GCP-1 

)41>"-

SWITCHABLE FM TEST OSCILLATOR 
Single channel continuously variable 
from 200 cps to 500 KC. All 
IRIG channels indexed. Provision for 
arbitrary center frequency index 

storage. Capable of precision voltage-
controlled FM modvlation. Standard 
deviations ±-7.5, 15, and 40%. Fixed 
or adjustable intermediate deviation 

values available. 

MODEL GSO-1 

THE MOST COMPLETE LINE IN THE INDUSTRY 

• Developed to meet DCS needs 
• Now being used in DCS customers' laboratories and test 

facilities 
• Certified performance reliability 
• Built to the same quality and performance standards 

which characterize all DCS products 
• Utility proven in field and laboratory applications in major 

missile programs 

For more information, write us at Dept. E-5 

DATA-CONTROL SYSTEMS INC. 
Los Angeles • Palo Alto • Washington, D. C. 

Home Office: E. Liberty St., Danbury, Conn. Pioneer 3-9241 

June 2, 1961 
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We plate wire continuously with 
unusually high uniformity 

throughout the length of wire. 
... Gold, Silver, Nickel, 

Rhodium, Indium, Tin and many 
other metals, or combinations of 
metals, are plated onto wires of 
Tungsten, Molybdenum, Nickel, 
Bronze, Copper, Silver, etc.... 
The purity of the metals and 
the quantity deposited are 
reliably controlled within 
narrow limits. 

Write for Latest Brochure 

SIGIVIUND COHN MFG CO., INC. 
121 SO. COLUMBUS AVE., MOUNT VERNON, N. Y 

The worldwide success of Japan's 

transistor radios is a tribute to their 

highly efficient yet minute components, 

of which the ultra-small Mitsumi IFT 

Poly-vari-con is typical. With other 

superb Mitsumi parts, it is being ex-

tensively used by leading radio manu-
facturers. 

I FT 
Intermediate 
Frequency 
Transformer 

Since 1901 

CIRCLE 203 ON READER SERVICE CARD 

POLY-VARI-CON 
Variable 

Capacitor 

Mitsumi Parts  
MITSUMI ELECTRIC CO., LTD. 

1056-1, Koadachi, Komae-cho, Kitatama-gun, Tokyo, Japan 

TEL: (416) 2619 2692 2219 

 1.,t, 
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exweerefeelfaer 
Px."Immordlle 
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mums". 

ex, 

• 

Color image orthicon developed in 
Japan 

tube studio cameras currently in 
use, the 4i-inch eye has greater 
stability and is capable of produc-
ing pictures of increased resolu-
tion and better gray scale rendi-
tion. 
The significant difference lies in 

the larger area of the glass target 
scanned by the electron beam. This 
larger area accounts for the cam-
era's ability to give increased reso-
lution, or more importantly, in-
creased contrast in fine detail by a 
factor of almost two to one. 
The TK-12 eliminates the need 

for circuit adjustments during nor-
mal operation, and built-in feed cir-
cuits compensate for changes oc-
curring during warm-up and for 
most of the drifting sometimes ex-
perienced with television cameras. 
The first color tv camera tube to 

be developed in Japan was recently 
announced by Tokyo Shibaura Elec-
tric Company, Ltd. 
The new image orthicon tube, 

Toshiba 7513, will replace USA 
tubes previously imported for use 
in color television cameras in Ja-
pan. 

Development of the new tube was 
termed by Toshiba officials a major 
step forward in making the Japa-
nese television industry a self-con-
tained entity, capable of manufac-
turing domestically all equipment 
necessary for color as well as black 
and white television transmission 
and reception. 
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‘71V4 WILLIAM C. DIMAN, 

Hayes Manager of Furnace 
Division, reports... 

CONTROL COUNTS WHEN 
YOU'RE HEAT TREATING 
TECHNICAL CERAMICS! 

Precise temperatures and proper 
protective atmospheres are all-
important when your work in-
volves ferrites, titanate dielectrics, 
sintering of cermets, glass-to-
metal sealing, or metallized coat-
ings. That's where Hayes comes 
in. The broad Hayes line of fur-
naces, "engineered atmospheres", 
and Molecu-Dryers has that essen-
tial built-in MUST — Control — 
and all can be custom-combined 
to fit your particular research or 
production needs. For instance ... 

Type BA-M Pusher "Pilot Plant" Fur-
nace. Controlled atmosphere heating and 
cooling ... straight-through design. Man-
ual or automatic operation to 2150° F. 

Conveyor F traight-through 
LAC and Humpback BAC — for continu-
ous, automatic, sintering to 2100°F. Zone 
temp control. Burn-off sections. For stain-
less steel, ferrites, etc. 

Type BA High. 
Speed Pusher Fur-
nace — wide - tem-
perature-range fur-
nace for sintering to 
2350° F. Available 
with automatic, elec-
tro-hydraulic pusher 
system for constant 
time /temperature 
cycles. 

Type M-Y High-Temperature Furnace 
for uniform heat-
ing of ceramic and 
metal compacts at 
temps over 3000° 
F. Economical — 
use with reducing 

Xe atmospheres for 
close-control re-

e search or full-scale 
›.* production. 

Model HT/HY Vac-
uum Fu  for 
high vacuum (0.1 
micron), high temperature (3000° F p us) 
sintering special refractory metals—titan-
ium, zirconium, tungsten, etc. High-speed 

k2 heating and cooling cycles. Cold wall de-
sign, low voltage elements. 

t. Atmosphere Equipment . . . ammonia 
;.! dissociators; endothermic, exothermic, 
•>4 nitrogen, forming gas generators; Molecu-eDryers for drying protective atmospheres 

to —100° F D.P. Designed for controlled, 
dependable operation. 

Use Hayes experience and equipment to 
insure a "Results Guaranteed" solution 
to your heat treating or protective atmos-
phere problem—to improve your product, 
reduce spoilage, or speed up production. 
Write for details. 

••••• 

C. I. HAYES, INC. 
fo/oblithed 1905 

845 WELLINGTON AVE. • CRANSTON 10, R. I. 

It pays to see Hayes for metallurgical 
guidance, lab facilities, furnaces, olmos. 

Abrasive Particles 
Clean Molded Mica 

MOLDED, glass-bonded mica flexural 
pivots are deburred, deflashed and 
cleaned with gas-propelled abrasive 
powder at Electronic Mechanics, 
Inc., Clifton, N. J. The method re-
moves flashes and loose particles of 

Flexural pivots before (left) and 
after cleaning. The entire part is 
about one-half inch long. 

the dielectric at the same time 
metal inserts are deburred. Clean-
ing time, which took 30 minutes 
with a hand pick, has been reduced 
to 90 seconds per part, the firm re-
ports. The equipment used, an Air-
brasive unit (S.S. White Industrial 
Division, New York, N. Y.), is gen-
erally used for cutting and abrad-
ing semiconductors, tungsten and 
other hard materials. 

Offers Special Thyratron 
A NEW 3.2 ampere d-c thyratron has 
been added to the National Elec-
tronics, Inc., Geneva, Ill., line of 
industrial tubes. This tube, the 
NL-734/5544 was designed espe-
cially for welding control, motor 
control and other industrial appli-
cations. The tube is quick starting 
and operates reliably within wide 
temperature limits, and is available 
with the lug base under the type 
number NL-734/L. Other ratings 
of the tube are: filament volts, 2.5; 
filament amperes, 11.5; peak anode 
current, 40. 

Thermionic Converter 
A VAPOR thermionic converter with 
a 15 to 17 percent efficiency has 
been produced by General Electric. 
The converter produces 4.6 watts 
per square centimeter of cathode 
surface. 

HELITRIM® 

112" SQUARE 

TRIMMING POTS 

Now available from Helipot 
at the lowest price in history! 
Model 70 with Teflon leads, $5.35 
and down; Model 71 with pins, 
85.95 and down. 
Take your pick: Model 70 with 

leads ... Model 71 with pins. 
They'll solve your trimming and 
space problems and see you 
through adverse environmental 
conditions, too! 
They're the best pair of square 

trimming pots on today's market 
... at this or any price! 

The reasons? 
Elementary... they offer spe-

cial features (such as Teflon 
leads on the 70) as standard! And 
both standard models incorpor-
ate a unique slip clutch stop that 
positively prevents the wiper 
from going off the end of the coil 
and into dead space. (Continuous 
units are available as special.) 
The specs tell the story! Stand-

ard resistance ranges of 10 to 
50,000 ohms . . . resolution from 
1.01% at 10 ohms to 0.083% at 
50K ohms ...1 watt power input 
at 50°C derating to zero at 150°C! 
And all this performance is 

packed into a 1/2" square all-
metal housing that's sealed 
against humidity. 
Your local Helipot representa-

tive carries these pots in stock 
for immediate delivery. Call him. 

Beckman/Helipote 

POTS : MOTORS : METERS 

Helipot Division of 

Beckman Instruments, Inc. 

Fullerton, California 
1961 8.1.1. 61102 
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PRODUCTION TECHNIQUES 

Cast Waveguide: Select the Best Process 
By R. S. GORDON, 

E. I. GOTTHOLD, 
Pickard & Burns. Inc., 
a subsidiary of Gorham Mfg. Co., 
Needham Heights. Mass. 

AS WAVEGUIDE COMPONENTS and 
system designs become increas-
ingly complex, attaining predicted 
performance in production becomes 
more difficult. Any shape can be 
made to extremely close tolerances 
by prototype machining and fabri-
cation techniques. But practical 
manufacturing processes are 
limited in their abilities to produce 

TABLE I-MANUFACTURING 
METHODS 

Fabrication: machining, extruding, 
forging, sintering, 
electro forming 

Assembly: hot joining, cold joining, 
fastening 

Casting: sand and shell ( mold is 
sand), plaster and in-
vestment (plaster or 
calcium sulphate), per-
manent mold and die 
(metal) 

TABLE II-PROCESS TOLERANCES 

complex shapes in acceptable toler-
ances. 
The manufacturing problem can 

be solved by a proper choice of 
processes and by recognition of 
process limitations by the designer. 
Component performance can be 
predicted by waveguide theory if 
the nature and geometry of me-
chanical discontinuities are known 
and related to electrical parameters. 
The last four items in the biblio-
graphy discuss such analyses. 

This discussion is limited to the 
selection of casting methods, since 

TAB LE III-TOLERANCES FOR 
ALUMINUM AND MAGNESIUM 

Guide Size EIA Actual Band 

0.140 X 0.280 

0.311 X0.622 
0.400 X 0.900 

0.497 X 1.122 

0.872 X 1.872 

3.250 X 6.500 
10.50 X 21.00 

=0.0015 
=0.0025 

=0.003 

=0.004 

=0.005 

=0.005 
=0.020 

=0.002 
=0.003 

=0.004 
=0.005 

=0.007 

=0.008 
=0.020 
-9.040 

KA 

KU 
X 

XL 

Process 
Capability Minimum 
(In./In.) (Inches) 

Sand Casting (Prec. Core)  
Shell Casting  
Plaster Casting  
Investment Casting  
Permanent Mold  
Die Casting  
Brazed Fabrications  

= 0.0025 
= 0.007 
=. 0025 
= 0.0040 
=0.010 
=. 007 
E I A tolerances maintained 

0.004 
0.010 
0.004 
0.005 
0.020 
0.012 

TABLE IV-CASTING ALLOYS FOR NIIC110‘\ 1 VI.: CO\wom \ 

comparable data on fabrication 
methods are widely available. The 
various manufacturing methods are 
listed in Table I. Complex compo-
nents are generally produced by a 
primary method to which other 
methods are added as secondary or 
finishing operations. The primary 
method can be selected by sequen-
tial application of process capabil-
ity data to the problems. 

First: Obtain an initial screen-
ing from the chart of process size 
ranges (Fig. 1A), showing charac-
teristic lengths for each process. 
For example, only sand and plaster 
casting should be used to produce 
a part 36 inches long, but all might 
be used for a part 10 inches long. 
The darker portions of the bars in-
dicate optimum size. 

Second: Determine and apply 
the significant tolerances to the 
chart of process tolerances (Table 
II). Although several processes 
have relative capabilities (inches 
per inch) which are quite low, their 
total minimum allowance in prac-
tical production are fixed values re-
gardless of length. If maximum ca-
pability is required, cost and pro-
duction time will be greater. 

Table III notes, for comparison, 
recommended EIA standards on 
waveguide tolerance. The casting 
processes do not, in production, 
meet this standard. While the in-
dividual process may be capable of 
meeting these tolerances, to specify 
them for any particular design may 
cause reject rates of 40 to 60 per-
cent and the time required to pro-

Alloy Company Heat Treat 

Applicable 
Dimensional Casting 

Brazabi 1 i ty Weldahili t y Stability Processes 

356 
356 
40E 
Tenzalloy 
Ternalloy 
612 
Beryllium Copper 

Silicon Brass 
Magnesium AZ91 
Magnesium AZ63 

Alcoa 
Alcoa 
Frontier Bronze 
Federated Metals 
Apex Smelting & 
Alcoa 
any 

any 
Dow 
Dow 

Div. 
Refining 

T6 
T51 
aged 
aged 
aged 
aged 

solution annealed 
and aged 

T6 
T6 

poor 
poor 

excellent 
excellent 
excellent 
excellent 
good 

poor 
poor 

excellent 
excellent 
good 
good 
good 
good 

good 
good 

good all except die 
good all except die 
fair all 
fair all 
fair all 
fair all 
good all except die 

poor all except die 
good all 
fair all 
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Air-powered 
"Wire-Wrap" toot 

Electric-powered 
"Wire-Wrap" tool. 

With (fektertp tools 

these hands wrap up wiring jobs fast 
Keep expensive hands working at top efficiency and 
get permanent, solderless electrical connections in a 
hurry with Gardner-Denver "Wire-Wrap" tools. 
Proved superior by leaders in cohimunications and 

electronics, solderless wrapped connections are last-

ingly secure, conquer vibration failure and corrosion. 
And only Gardner-Denver offers a complete line of 
equipment for making such connections—including 
custom-designed. automatic machines to expedite 
multiple operations. 

Manual wrapping and 
unwrapping tools. 

Hand-Squeeze 
"Wire-Wrap" tool. 

June 2, 1961 

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 

GAIRIDNER - DENVER 
Gardner-Denver Company, Quincy, Illinois—Offices in principal U.S., Canadian and Mexican cities 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontario 

International: Gardner-Denver International Division, 233 Broadway, New York 7, N. Y. 
International Offices: Buenos Aires. Argentina; Artarmon, N.S.W. Australia; Brussels, Belgium: Rio de Janeiro, Brazil: 
Santiago. Chile; Barranquilla. Colombia; Lima, Peru; Ndola, N. Rhodesia; Salisbury, S. Rhodesia; Johannesburg, Transvaal 
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CD CI ,CD(D CD 90 

SIMPLE 
AS là1 le* 
* emitter, base, collector 

OWEN SEMICONDUCTOR ANA-

LYZERS ARE SIMPLE TO OPERATE. 

THEY PROVIDE INFORMATION 

YOU NEED QUICKLY AND 

ACCURATELY. FOR EXAMPLE: 

HIGH LEAKAGE CURRENT 

IN TRANSISTORS IS A 

COMMON SOURCE OF 

CIRCUIT TROUBLE, PARTIC-

ULARLY AT HIGH TEM-

PERATURES. ACCURATE 

MEASUREMENT OF LEAK-

AGE WITH AN OWEN TYPE 

300 IS SIMPLE: TURN ONE 

SWITCH AND READ A 

METER 

TYPE 300 
Power Transistor Test Set 

One of several Owen semiconductor 
analyzers, the Type 300 Power Transis-
tor Test Set is a portable precision lab-
oratory instrument for checking medium 
and high power transistors under con-
ditions typical of their actual applica-
tions. For the first time, accurate 
quantitative measurements can be made 
with collector currents to 30 amperes 
and breakdown test potentials to 300 
volts. No auxiliary test equipment of 
any kind is required, and values are 
read directly from meters and linear 
HFE dial. 

PRICE AND DELIVERY: $760.00 F.O.B. 
Pasadena, California. From Stock, 
Shipping Wt. 70 lbs. 

WORTH WRITING FOR: 

"REDUCTION OF CIRCUIT-
DEVELOPMENT COSTS WITH 
SEMICONDUCTOR TEST EQUIPMENT" 

OWEN LABORATORIES, INC. 
55 BEACON PL • PASADENA • CALIF 

cD(Deoeeee 

duce even this quantity successfully 
becomes prohibitive. Experience 
has shown that meeting the "best" 
or EIA recommended tolerances 
does not guarantee required per-
formance regardless of process. 
The experienced designer generally 

provides for enough adjustment to 
avoid a critical system. 

Third: Check the surface re-
quirements against the chart of 
surface finishes (Fig. 1B). Only 
plaster, investment and die casting 
yield finishes as fine as 36 micro-
inches. Die casting is infrequently 
used due to the generally small 
quantities involved in microwave 
production. In practice, finishes of 

63 through 125 microinches are 
satisfactory at frequencies through 
20 Ge for operational components. 
Instrument components requiring 
higher accuracies are often hand-
finished. Tolerable surface finishes 
at higher frequencies are indicated 
by experience with various designs. 
Fourth: Check individual re-

quirements such as internal shape 
(core) tolerances, alloy selection 
(Table IV), and secondary assem-
bly or finishing operations against 
the overall process capabilities and 
limitations. Accessibilities and 
rigidity of the cores is an impor-
tant consideration. When very pre-
cise inside dimensional control is 
required, the cores must be meas-
ured just before the molten metal 
is poured. Only rigid, firm cores 
can be measured by contact pres-
sure instruments. 

There are other considerations 
which follow these in importance. 
Some are: wall density, conductive 
and protective finishes, adjustabil-
ity and corner radii. 

Finally: If the above steps still 

6 12 18 24 

16 32 

30 36 UP 
SAND SHELL PLASTER IN 
PERM MOLD DIE 

(A) 

63 125 250 500 
SAND (PREC CORE) SHELL PLASTER 
INVESTMENT PERM MOLD DIE 

(B) 
FIG. 1—Process size range in 
inches (A) and surface .finishes in 
microinches-rws (B) 

IMF 
WHEN QUALITY 

IS A MUST 

Stromberg-Carlson 
TELEPHONE-TYPE 

COMPONENTS 

RELAYS: Wide range, for electro-
mechanical switching. Send for 
Bulletin T-5000R2. 

KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 

STEPPING SWITCHES. Fast and de-
pendable. Bulletin T-5001R. 

JACKS & PLUGS: For many electri-
cal and electronic uses. Send for 
Bulletin T-5003. 

TELEPHONE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5005. 

For bulletins and more information 
contact the nearest Sales Branch 
office: Atlanta-750 Ponce de Leon 
Place N.E.; Chicago-564 W. Adams 
Street; Kansas City (Mo.)-2017 
Grand Avenue; Rochester-1040 
University Avenue; San Francisco-
1805 Rollins Road. 

GENERAL [DYNAMICS 

ELECTRONICS 
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RADIATION 
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scientists and engineers in 
a unique leadership role 
The frontiers of space science and technology are being expanded at 

Aerospace Corporation. The scientists and engineers of this leadership 

organization are the critical civilian link uniting government and the 

scientific-industrial team developing space systems and advanced ballistic 

missiles. In providing broad scientific and technical leadership to every 

element of this team, they are engaged in a balanced program of activities 

spanning the spectrum from basic research and forward planning through 

general systems engineering. Included in the latter are technical supervi-

sion, integration and review of the engineering, development and test 

operations of industry to the extent necessary to assure achievement of 

system concept and objectives in an economical and timely manner. 

These people are privileged to view both the state-of-the-art and system 

development in their totality. Now more men of superior ability are 

needed: highly motivated scientists and engineers with demonstrated 

achievement, maturity, and judgment, beyond the norm. Such men are 

urged to contact Aerospace Corporation, Room 110, P. 0. Box 95081, 

Los Angeles 45, California. 

Organized in the public interest and dedicated to providing objective leadership 

in the advancement and application of space science and 

technology for the United States Government. 

AEROSPACE CORPORATION 

June 2, 1961 
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test ... test ... test... 

If you feel you must make your own pots to get exactly what you need, 
don't overlook quality control along the way! And this can be a messy 
business, what with special, elaborate techniques to quality-check 
every production stage! Oh, you'll get involved in maddening bouts 
with visual comparitors, ratiometers, environmental testing labs — and 
when you've finished — and made a few hundred revisions — you 
might have the quality you want! 

So, before you go fly a kite — consider Ace. We've been all through 
this before, and have what is regarded to be the finest 
quality control system in the industry. It enables us to 
keep our final costs down, by rejecting sub-standards at 
each stage, without waiting for the final inspection. Al-
though it's more work this way, we can offer a higher 
degree of resolution and linearity at a lower price. So, 
for precision-at-price, see your ACErep! 

Here's 0.3% linearity in a 1/2 "pol: the Series 500 ACEPOT®. Single-

turn, — 55° to 125°C range. As with all Ace components, tested in 

every stage of its manufacture! 

ACE 
Acepot® 

ELECTRONICS ASSOCIATES, INC. 
99 Dover Street, Somerville 44, Mass. 

SOmerset 6.5130 TMX SMVL 181 West, Union WUX 

Acetrim• Acesete Aceohnt® 'Reg. Ape for 

Cutaway view of coupler made as 
plaster casting (top), match plate 
for cored sand casting of antenna 
feeds (center) and patterns and 
molds for investment casting 

leave a choice of more than one 
process, check tooling time and rela-
tive process costs. 
The broadband directional coup-

ler shown cutaway in the photo 
offers an example of process selec-
tion. Dip brazing was ruled out 
because of the need for ±-0.004 
symmetry in the over and under 
guide passages and alignment of 
the coupling slots with the ridges. 
Length is 13 inches, waveguide 
opening is 1.465 by 1.690 with 
tolerances of ±0.005 inches. Alumi-
num alloy 356 was specified. 

Screening with Fig. 1A, Table II 
and Fig. 1B showed that either 
sand or plaster casting could be 
used. However, the requirements 
dictated precise core measurement 
before pouring. Only plaster cast-
ing allows such measurements. 
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BUYERS' 
IZIUIDE 

•ne1 stkeritessce IN1108 
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FIRST CHOICE OF ALL 4! 

RESEARCH - DESIGN -PRODUCTION-MANAGEMENT 

There is no mystery about who gets and uses the 
electronics BUYERS' GUIDE. It is part of the paid 
subscription to regular weekly issues of electronics, and 
is available and used by the more than 52,000 identified 
subscribers of the magazine. 

Only the electronics BUYERS' GUIDE is compiled to 
satisfy the basic buying needs of all four key segments 
of the industry — research, design, production, manage-
ment. 

GIVES MORE TO ALL 4! 
electronics BUYERS' GUIDE 

and REFERENCE ISSUE 

Catalog 
AMFLITE . Multi-Color Indicators and Switches 

Not everybody needs the rugged durability of AME 
tough-engineered Indicator Lights and Push Button 
Switches. The government demands them — so does 
the military because in the long run, they're the 
most economical unit and the most dependable. 

If your project or problem requires AME reliability, 
you'll be referring to this handy Catalog again and 
again. It is yours for the asking. Address Dept-S. 

'An AMF Trademark 

American Machine & Foundry Company 
1101 N. Royal Street, Alexandria, Virginia 
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eaturing 

ONE-PLANE PRESENTATION 

Series 10000 

The IEE digital readout puts the 
digit right up front, visible from any 
angle. Vision is unimpaired by 
stacked characters and sharp, clear-
white digits provide high-contrast, 
error-proof reading. Use of words, 
color, and multiple projections offer 
utmost versatility. 
Binary-To-Decimal Decoders Available. 

Representatives in Principal Cities 

acaritICII 
DIGITAL 
READOUT 

Over 1000 
firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 

PRICE $1800 
COMPLETE 
QUANTITY PRICES ON REQUEST 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS. 

INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
Eng.neess and Manufacturers of fs.117 -3,6rnafic Sylmmne and 0.epte , Readouts 

5528 Vineland Avenue, North Hollywood, California 
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New On The Market 

High-Voltage Rectifiers 
1,000 TO 3,000 PIV 

SUBMINIATURE diffused junction 
silicon rectifiers operate at 1,000 to 
3,000 piv. Sealed in glass packages 
0.1 inch in diameter, diodes are 
rated at 100 ma at 25 C. A high 
dielectric constant is achieved by 
sealed-glass packaging in a closely 
controlled, high-pressure gaseous 

Solenoid Switch-Lights 
LATCHING ACTION 

SERIES OF solenoid hold-down 
switchlights have contacts from 
spst to 8pdt, with independent lamp 
circuits. When the solenoid hold-
down switch is actuated, the coil 
is energized and holds the push-
button in the IN position. The 
pushbutton remains in until the 
coil is remotely deenergized. When 
the coil is not energized, switching 
action is momentary. Switches are 
rated at 28 y d-c, 50 ma to 2 amp 
resistive with silver contacts, and 
I to 50 ma with gold contacts. 
Switching mechanism and coil are 
enclosed in a gold-anodized alumi-
num case; moisture-proof units are 
available. Delivery in 3 to 4 weeks; 
prices on request, from Pendar, 
Inc., 14744 Arminta St., Van Nuys, 
Calif. 
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atmosphere. The 1N3282 through 
1N3286 series of low cost diodes 
are available in quantity from 
Motorola Semiconductor Products 
Inc., 5005 E. McDowell Rd., Phoe-
nix, Ariz. 
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Ultrasonic Shake Table 
20 TO 100 KC; 4,000 G's 

ULTRASONIC vibration table is for 
destructive and nondestructive test-
ing of electronic and mechanical 
components, semiconductors, and 
missile hardware. Variable-fre-
quency variable-power ultrasonic 
shake table operates from 20 Kc to 
100 Kc, with approximately con-
stant amplitude of motion through 
the range. Accelerations to 4,000 
g can be obtained. DiSONtegrator 
model-160 shake table is now 
available from Ultrasonic Indus-
tries, Inc., Plainview, L. I., N. Y., 
at $750 each. 
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Sensitive Image Orthicons 
FOUR TYPES 

FOUR SENSITIVE camera tubes are 
announced by General Electric Co., 
CRT Dept., Syracuse, N. Y. The 
most sensitive, GL-7967, uses a 
trialkali photocathode, a magnes-
ium-oxide semiconductor target, 
and can operate with photocathode 
illumination of 10' foot-candle or 
less. At low light levels the tube 
is capable of resolution in excess of 

300 lines, with resolution in excess 
of 1,200 lines at higher light levels. 
Another type, GL-7969 image orthi-
con, is super sensitive in the ultra 
violet region, is expected to find 
use in blood and cell studies and in 
X-ray work. The third tube, Z-
5395, with near-ir spectral response, 
has application in the commercial 
and military fields. The tube can 
penetrate hazy atmospheres for 
mapping and surveillance, and can 
be used in passive detection sys-
tems. The fourth tube, GL-7409, 
features ruggedized construction 
and high sensitivity for military 
applications such as missiles, satel-
lites, fire control and drone 
guidance. 
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Module Socket 
ACCEPTS CIRCUIT STACKS 

SOCKET ACCEPTS module resistor 
and capacitor stacks. Insulating 
wafers are NEMA grade XP 
chocolate. Brass contacts are bar-
rel-type, cadmium plated, and are 
designed to remain firmly in place 
when module is engaged to socket. 
Details and prices are available 
from Mandex Mfg. Co., Inc., 2614 
W. 48th St., Chicago, Ill. Sockets 
can be furnished in production 
quantities. 
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Line of Transformers 
PRINTED-CIRCUIT USE 

LINE OF small encapsulated trans-
formers for printed-circuit applica-
tions is announced by ADC Inc., 
2833 13th Ave. So., Minneapolis 7, 
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THEY RELY ON 
RADIATION 

FOR MEGAWATTS AT MEGACYCLES 
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Radiation at Stanford (formerly Levinthal) designs and 
builds high-power radar and communications transmitters, 
modulators and power supplies. This 30 megawatt trans-
mitter for radar and component testing is typical. It dem-
onstrates a unique capability for solving the special prob-
lems of superpower RF. 
Two major design considerations in superpower RF 

equipment are performance and safety. In this unit—as 
in other Radiation-built systems with peak power to 100 
megawatts and frequencies to 40.000 megacycles—special 
circuitry operates at miscrosecond speeds to prevent dam-
age to the equipment. It includes five sub-assemblies with 
remote console containing all controls, interlock indicators 
and monitoring oscilloscope. 
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This capability of Radiation at Stanford is being utilized 
today by many prime contractors for advanced defense 
systems, and by makers of high-power commercial equip-
ment. If you work with megawatts at megacycles, you can 
rely on it, too, for comprehensive solutions to your prob-
lems. Write Radiation at Stanford. Dept. EL-6, 3180 Han-
over Street, Palo Alto, California, for detailed information. 

RA DIATJOJI 
INCO IR P  ORATE 
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Minn. Transformers are available 
in five different sizes, from 0.08 to 
1.2 cubic inches. Sixty-four models 
offer a choice of power levels for 
voice and extended frequency oper-
ation. 

Miniature CRT 
LOW-COST MONITOR 

TYPE NU129 miniature crt is 11.54T 
inches in diameter and 4 inches 
long, has electrostatic focus and 
deflection with an isolated cathode 
lead. The tube has 12-pin E11-22 
stem and the bulb has a flat face 
with excellent display for visual or 
photographic use. The tube may be 
operated at 1,000 volts, providing a 

\`\\e\MI 
ite1f..5 

Commutating Switch 
SIZE 5 HOUSING 

HOUSED IN a size 5 can, miniature 
rotary commutating switch weighs 
less than 3.35 grams and occupies 
less than 1.28 cubic centimeters. 
Designed for missile application, 
the unit will pass rigorous speci-
fication of shock and vibration. 
Unit illustrated is single-pole, 8-
position, make-before-break. Com-
mutating surfaces are 18 karat 
gold,. and brushes are multiple 
strand precious metal with current 
rating to 250 ma. Manufacturer is 
Airflyte Electronics Co., 535 Ave. 
A, Bayonne, N. J. 
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The units meet MIL-T-27A, 
Grade 5, Class S requirements. 
Engineering data and prices avail-
able on request. 
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brilliant display with a spot size of 
less than 0.01 inch. Available in 
most phosphors, the tube can be in-
corporated at low cost for equip-
ment manufacture and inspection. 
The tube will be available for June 
delivery from National Union Elec-
tric Corp., Bloomington, Ill. 
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Digital Readout 
SELF-DECODING 

INDUSTRIAL ELECTRONIC ENGINEERS, 

INC., 5528 Vineland Ave., N. Holly-
wood, Calif. Slide plate readout 
accepts any BCD or teletypewriter 
code up to six bits, does its own 
translating, and displays the proper 
character. There are no auxiliary 

translators, relays, or diodes re-
quired. Price of the basic unit is 
$50. 

CIRCLE 309 ON READER SERVICE CARD 

Miniature Pot 
SINGLE-TURN 

BORG EQUIPMENT DIVISION, Amphe-
nol-Borg Electronics Corp., 120 S. 
Main St., Janesville, Wisc. The 
2440 series Micropot is in. in di-
ameter. It is linear over specified 
resistance ranges of from 10 to 
50,000 ohms. Resolution ranges 
from 229 to 900 turns. Maximum 
power rating is 3 w. Temperature 
extremes from — 55 to + 125 C. 
Gangable up to six units on a com-
mon shaft. 
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Pulse Rate Integrator 
MINIATURIZED 

ANADEX INSTRUMENTS, INC., 14734 
Arminta St., Van Nuys, Calif. 
Model PI-300-J77 pulse rate inte-
grator is used in missiles and air-
craft for converting frequency to 
voltage for telemetering. It is 
highly accurate and features a self-
contained calibrating circuit as well 
as high-input and low-output im-
pedances. It has a full scale output 
of 5 y and is adjustable over a 4 
to 1 frequency range. Input sensi-
tivity is adjustable from 10 my 
to I \ 
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Deflection Yokes 
FOR SQ-CORNER TUBES 

F. W. SICKLES DIVISION of General 
Instrument Corp., Chicopee, Mass., 
announces deflection yokes for 
square-corner, 114 deg picture 
tubes. Company claims they will 
provide equivalent focusing quality 
and, possibly, even superior pat-
tern rectangularity, as compared 
with earlier 110 deg systems using 
spherical face plate tubes. 
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NEW FROM COLLINS - THE 51S-1 

FINGERTIP TUNING 

with accuracy. The latest in a 

series of general coverage HF receivers features single 

sideband and AM reception with: extreme dial accuracy, 

visual setting within one kc throughout the range - high 

frequency stability, particularly suited to receiving 

pre-assigned frequencies - optimum selectivity, made 

possible by Collins Mechanical Filters. Highest sensitivity 

for difficult monitoring assignments - all in one compact, 

lightweight, easily installed unit. 

Write for descriptive brochure. 

=COLLINS= 

COLLINS RADIO COMPANY • CEDAR RAPIDS, IOWA • DALLAS, TEXAS • BURBANK, CALIFORNIA 
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Professional Opportunities Are Available For 

Electrical Engineers 
with interest and experience 

in the following fields: 

• Design and Development of: 
Industrial Electronics and Power 
Controls and Instrumentation 
Electronics 

• Operation & Maintenance of 
Nuclear Devices 

For information please write to: 

Personnel Manager 

Brookhaven 

National 

Laboratory 

UPTON, LONG ISLAND, N. Y. 

IN"\ 
A Colter for 

iVorfear Research, 
z and Dalelapmeffi 
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KU) 
REPICON' REMOVABLE 

CONTACT CONNECTOR 

New from Gen-Pro: Repican "C" high density re-

movable contact connector offers unlimited appli-

cation in wiring installations. Available in 34, 42, 

50, 75 and 104 contacts. Interchangeable with 

other connectors of MIL-C-8384 configuration and 

contact pattern. 

Repicon Removable Contacts in crimp or 
solder type give higher contact retention, 

closely controlled engagement and separa-

tion forces and low millivolt drop. Usable 

in other existing connector body sizes and 

configurations. Contacts are ordered sep-

arately for assembly by user. 

SOCKET CONTACT PIN CONTACT 

Write today for bulletin illustrating 
types in stock with specifications 

GENERAL PRODUCTS CORPORATION 
Over 25 Years of Quality Molding 

UNION SPRINGS, NEW YORK TWX No. 169 

Literature of 

MICROWAVE POWER FILTERS 
General Electric Co., Schenectady 
5, N. Y., has available booklet 
PT-52, entitled "Microwave Power 
Filters: Theory and Application." 
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POWER PACKS Electronic Re-
search Associates, Inc., 67 Factory 
Place, Cedar Grove, N. J. Catalog 
No. 122 describes recent additions 
to the company's line of high cur-
rent miniaturized solid state power 
packs. 
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WIRE-WOUND RESISTORS 
Reon Resistor Corp., 155 Saw Mill 
River Road, Yonkers, N. Y. A four-
page catalog covers a line of encap-
sulated precision wire-wound re-

sistors for military and industrial 
applications. 
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DEC A DE LINE CORRECTOR 
The Superior Electric Co., Bristol, 
Conn. Loose-leaf perforated sheet 
illustrates and describes type 
DLC1005 Powerstat decade line 
corrector. 
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RECORDER / REPRODUCER 
Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, 
Pasadena, Calif., announces a four-
page bulletin describing the fea-
tures of the GL-2510 continuous-
loop recorder/reproducer. 
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SWITCHING TRANSISTORS 
Texas Instruments Inc., Semicon-
ductor-Components Division, P. 0. 
Box 5012, Dallas 22, Texas. Ger-
manium bilateral switching tran-
sistors are covered in a recent issue 
of Application Notes. 
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FIXED STATION ANTENNAS 
Mark Products Co., 5439 Fargo 
Ave., Skokie, Ill. "Beacon" fixed 
station antennas for the 25-50 Mc 
region are covered in bulletin 613. 
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DIODE CLOSURE Metalizing 
Industries, Inc., 338 Hudson St., 
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the Week 

Hackensack, N. J. Bulletin M-103 
lists specifications and advantages 
of its ceramic diode closure that 
meets MIL Specs. 
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SILICON RECTIFIERS Soli-

tron Devices, Inc., 500 Livingston 
St., Norwood, N. J., has available 
a 6-page catalog on the double dif-
fused axial type silicon rectifiers, 
medium type. 
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TRITIUM VACUUM GAGE Ra-
diation Research Corp., 1150 
Shames Drive, Westbury, N. Y. 
Bulletin RRT-E101 contains tech-
nical data on the company's wide 
range radiation-free tritium vac-
uum gage. 
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DATA ACQUISITION SYSTEM 
Datex Corp., P. 0. Box 667, Mon-
rovia, Calif. A six-page folder 
gives an illustrated summary of 
the flexible, low cost DL-210 data 
acquisition system. 
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SYSTEMS & INSTRUMENTS Dy-
mec, a division of Hewlett-Packard 
Co., 395 Page Mill Road, Palo Alto, 
Calif., has available a 16-page cata-
log of digital and r-f systems and 
instruments. 
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D-C POWER SUPPLIES Kepco, 
Inc., 131-38 Sanford Ave., Flush-
ing 52, N. Y. The 32-page 1961 cat-
alog provides complete data on 
more than 150 standard models of 
regulated d-c power supplies. 
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PREFORM ALLOYS Accurate 
Specialties Co., Inc., 345 Lodi St., 
Hackensack, N.J., offers a semicon-
ductor alloy preform selector chart. 
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SERVO AMPLIFIER Kearfott 
Division, General Precision, Inc., 
Little Falls, N.J. An advance tech-
nical data sheet gives features and 
typical characteristics of a wide 
band semiconductor servo amplifier. 
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HOSKINS ALLOY 

ohms per pound! 

Precision Resistor Wire 

The trouble with using only one type of alloy wire in all 
of your precision resistors is that very often you and your 
customers end up paying for something that really isn't 
required so far as the end use is concerned. Now take 
Hoskins Alloy 815-R, for example. It's a relatively new 
custom-quality iron-chromium-aluminum composition. 
But a number of alert and cost-conscious manufacturers 
have already found that it possesses all of the physical and 

electrical properties necessary for many precision resistor applica-
tions. High strength, good ductility. Excellent resistance to 
corrosion. Controlled low temperature coefficient. What's more 
—and more to the point these days—they've also found that 
Alloy 815-R's lower density and higher electrical resistivity 
combine to give them very worthwhile savings. Up to 14.1% 
more ohms per pound—up to 19.6% less cost per megohm! 

Yours for.the Asking—If you're a man who fancies 
such figures, we'd like to send you an eyeful—namely: 
A handy little "Cost-per-Megohm" Comparator, plus a 
12 page catalog that's loaded with technical data. If you 
also happen to make precision resistors, sample spools 
of 815-R wire are available for testing and evaluation. 

Sixes from .0031' down to .000r—Bare and enameled—Temperature Coefficients: O ± lOppnt and O ±20ppm 1°C. 

HOSKINS MAN U FAC TURING COMPANY 
4445 Lawton Avenue • Detroit 8, Michigan • TYler 5-2860 

In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 

Producer.; of Custom Quality Resistance. Resistor and Thermo-Electric Alloys since 1903 
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PEOPLE AND PLANTS 

I B M Computer Center Exploring 6 Areas 

INTERNATIONAL BUSINESS MACHINES 

CORP. recently opened its new 
Thomas J. Watson Research Center 
in suburban Yorktown Heights, 40 
miles north of New York City. Com-
pany says it is the most advanced 
center in the world for the study of 
computer science. The crescent-
shaped structure, which stretches 
1,091 feet, will house some 1,500 
scientists and supporting personnel. 
The Center has a floor space equal 

to eight football fields—all of it 
divided into laboratory, office and 
service areas. It is traversed by 
more than half a mile of glass-
walled corridors. A total of 56 aisles 
intersect the 146-ft wide structure 
from front to back on its three 
levels. 
Work in the new center will be 

divided into six broad fields of ex-
ploration : 

General Science — investigation 
into magnetics, low temperature 
and semiconductor phenomena. 

Solid State Science—probing the 
mysteries of solid materials which 
might find application in computers. 

Experimental Systems—studying 
new systems for the machine trans-
lation of languages, for informa-
tion retrieval and for control of 
chemical and other industrial proc-
esses. 

Experimental Machines — devel-
opment of advanced concepts for 
super-speed, computers out of newly-
evolving techniques. 

Engineering Science —  research 
into voice and printed character rec-
ognition by machine, and studies of 

the properties of paper and ink to 
meet the demands of advanced com-
puters. 
Mathematical Sciences —  investi-

gation into new logical approaches 
to computer design and computer 
problems to improve both the ma-
chines and the ability to use them. 
The Center becomes not only 

IBM's largest research installation, 
but also acts as a national and 
international clearing house for new 
thinking in computer science. 

Today, IBM also conducts re-
search at the Watson Scientific 
Computing Laboratory at Columbia 
University in New York City; the 
San Jose Research Laboratory in 
California; and the Zurich Research 
Laboratory in Switzerland. Find-
ings from these laboratories are 
applied to industrial practice at 22 
IBM development laboratories here 
and abroad. 
Heading up the new Center is 

Gilbert W. King, IBM director of 
research. He reports to Emanuel 
R. Piore, vice president for research 
and engineering. 

John Locke Assumes 
New Hughes Position 

JOHN E. LOCKE has been appointed 
manager of diode operations for 
the semiconductor di vision of 
Hughes Aircraft Co., Newport 
Beach, Calif. 

Before joining the semiconductor 
division, Locke was director of ad-
ministration and assistant to the 
vice president of the company's 

components group and, previously, 
manager of planning and industrial 
engineering in Hughes' Tucson, 
Ariz., plant. He has been with 
Hughes since 1949. 

Donald Caverly Joins 
General Time Corp. 

APPOINTMENT of Donald P. Caverly 
as director of engineering of Gen-
eral Time Corp., Stamford, Conn., 
is announced. He was president and 
a director of Barth Engineering 
and Mfg. Co., Meriden, Conn. and 
will remain a director of that il•rm. 

Reevesound Co., Inc. 
Hires Chief Engineer 

APPOINTMENT of Michael W. Chitty 
as chief engineer for Reevesound 
Co., Inc., a subsidiary of Reeves 
Soundcraft Corp., Long Island City, 
N. Y., is announced. 

Chitty was formerly associated 
with Canadian Marconi, Ltd., as 
division manager. 

Daystrom Vice President 
Takes Additional Post 

LOUIS H. ARICSON has been named 
chief executive officer of the Weston 
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KYORITSU ELECTRICAL INST. WORKS, LTD. 
No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan 

Cable Address: -KYORITSUKEIKI TOKYO -

Tel: 717) 0131-5 
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I believe they 
do have a point! 

Introducing an alligator clip s. 
with a "microscopic tip"! 

ede whidee.MICRO-GATOR 
Here is the alligator clip you can now 
use where no other clip will do! On 
printed circuits, in tight spots and on 
tiny terminals too crowded for any-
thing but its "microscopic" tip. Fully 
insulated right down to the nose. It 
offers all the speed, free-handed ease 
and convenience associated with other 
Mueller alligator clips. 

Strong new type "keyed in" 
hinge Traditionally snappy 
Mueller spring Clirching 
ears for gripping wire 

Tough. Vinyl, skin-tight in-
sulator Lip-action t p-slot 
A ringer for the popular 
"Mini-gator" insula-or. 

INSULATORS SOLD SEPARATELY. (Standard F;t.d and 
Black colors. White, Blue, Yellow and Green also available.) 

FREE SAMP of clip and insulator, 
on request to factory 

1582H East 31st Street, Cleveland 14, Ohio 
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R. C. E. 
SOLUTION 

112.4PID CIRCUIT ETCH) 
60 POUNDS 

get the shortest 
etching time with 

HUNT 
ETCHANTS 

1 
- 

SOLDER CIRCUIT ETCH 
SOLUTION 

Ulf IULL StkING6N— 

Oo No/ 661,1 

55 POUNDS 

Wherever Hunt Etchants are used production rates jump. 
HUNT R. C. E. (Rapid Circuit Etch) is a fast acting, specially bal-
anced etchant for printed circuit board production. 

HUNT S. C. E. (Solder Circuit Etch) is the only prepared product 
formulated to etch solder-plated boards at room temperature 
without attacking the solder. 
Send for: R. C. E. TECHNICAL BULLETIN 1 & lA 

S. C. E. TECHNICAL BULLETIN 2 
Hunt Etchants are now manufactured on the West Coast. 

FOR SUPERIOR RESULTS AROUND THE CLOCK USE HUNT GRAPHIC ARTS CHEMICALS MIlef 

PHILIP A. HUNT COMPANY 

PALISADES PARK, N. J. 

BRANCHES IN PRINCIPAL CITIES 

in Canada: Philip A. Hunt Company (Canada) Ltd. 
207 Queen's Quay West, Toronto 
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COMPUTER 
RESEARCH 
ENGINEERS & 
LOGICAL 
DESIGNERS 

SALARY: TO $20,000 
Rapid expansion of the Computer 
Labonatory at Hughes-Fullerton has 
created several attractive profes-
SiOrlel opportunities for qualified 
Comr uter Research Engineers and 
Logical Designers_ These positions 
recluse active participation in broad 
comprter F 3, D activities in con-
nection with Amy Navy computer 
systannsanc neob. la,ge-scale, general-
purpose con)u:ers. These multiple 
processor computers utilize advanced 
solid-state circu try, gating and reso-
lution times ii he millimicrosecond 
regior s„ co -naire synchronous and 
async -ironous tecRiniques for maxi-
mum sp7-.ed ale! reliability. 

These profess oil& assignments 
involve laroaJ areas of logical design, 
prowam-ning and s,istem conception. 
Fields of interes' ir clude: 

• Distributed computers • Ad-
vanced arithmetic processing 
techniques • Mechanized design 
• Asynchronous design tech-
niques • Utilization of parame-
trons in computers • Studies in 
the utilization of multiple proces-
sor computers. 

These aro'essional assignments 
involve such R.& D areas as: 

• Solid state digital circuitry 
involv.ng millirnicrosecond logic 
• Mic,cwave carrier digital circuits 
• Sub-microsecond core memory 
• Thin f Im storage techniques 
• Furctiionall circuit concepts 
• Micro-miniaturization concepts 
• Tunnel diodes • Microwave pa-
rametrons • Circuit organization 
for maximal-speed computing. 

LocateJ n SpUthern California's 
Orange Caunity itie nation's fastest 
growinc e ectron,cs center), Hughes-
Fullerton offers }ou: a stimulating 
workirger vironmeni; private or semi-
private off:ces; lomg-term stability. 

CALL COLLECT TODAY! 
For comp ete hforimation on these 
challemcing assigrments, call us col-
lect today! Ask for: 

Mr. B. ›. RAMSTACK at: 
TRojan 1-4080, ext 3741. 

Or, ai nail resume to: HUGHES-
FULLERTON R 3i D, P. 0. Box 2097, 
Fullerton 1,, Califonnia. 

At Hughes, all qualified applicants will 
be considered for employment without 
regard fc race, creed, color or national 
origin. 

HUGHES 

SUGHCS !AF " COMO», 

Instruments Division of Daystrom, 
Inc., Murray Hill, N.J. He retains 
his post as corporate vice president, 
a position he has held since July, 
1960. 

Industrial Timer Corp. 
To Get New Facility 

INDUSTRIAL TIMER CORP., Newark, 
N. J., recently broke ground on a 
14.3 acre plot near Parsippany, 
N. J., for construction of a new fa-
cility to be occupied later this year. 
Company is engaged in design, 

development and manufacture of 
timing and control devices for in-
dustrial, research, military and 
commercial application. It pres-
ently occupies a 22,000 sq ft build-
ing in Newark. 

Tensor Electric Names 
Ballaine to Board 

FRANCIS K. BALLAINE, executive 
vice president of Adelphi Research 
Center, Inc., Adelphi College, has 
been named to the board of direc-
tors of Tensor Electric Development 
Co., Inc., Brooklyn, N.Y. He will 
also act as an advisor on manage-
ment problems. 

Loral Electronics 
Hires L. F. Jones 

LORAL ELECTRONICS CORP., New 
York, N. Y., has appointed Law-

IT'S READ MORE 
BY ALL 4! 

electronics magazine interprets elec-
tronics for electronics men every 
week. The latest components, eco-
nomic trends, military applications. 
Technical data you'll want to file and 
keep. Get the facts first with a per-
sonal subscription (don't be low man 
on. a routing slip). Mail the reader 
service card (postpaid) to 
electronics, the magazine that helps 
you to know and to grow! Rates: 
three years for $12, one year for $6; 
Canadian, one year for $10; foreign, 
one year for $20. Annual electronics 
BUYERS' GUIDE (single issue 
price $3.00) included with every sub-
scription. 

subscribe today to 

electronics 
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rence F. Jones as staff scientist. 
Jones was formerly chief of the 

digital branch of the Norden Divi-
sion of United Aircraft Corp. and 
prior to that, advisory engineer in 
charge of the digital computer 
group at the Air Arm division of 
Westinghouse Electric Corp. 

Electrada Corp. Elects 
Vice President 

ROBERT W. LANDEE has been elected 
a vice president of the Electrada 
Corp., Culver City, Calif., and gen-
eral manager of the firm's electron-
ics division. 
For the past three years, Landee 

has been director of research and 
development for the western divi-
sion of the Collins Radio Co. Prior 
to that, he was for 12 years in 
charge of all electronic projects for 

Gilfillan Bros. 

PEOPLE IN BRIEF 

Donald \N ahl, formerly with Con-
vair Electronics, appointed engi-
neering manager at the San Diego 
branch of General Dynamics/Elec-
tronics' military products division. 
Erich A. Herold leaves Republic 
AN, iation to join Sanders Associ-
ates as manager of manufacturing 
planning. Arthur I). Hughes of 
Auerbach Electronics Corp. chosen 
technical staff senior member. 
James R. Pepper, ex-General Elec-
tric, joins Microwave Electronics 
Corp. as production engineer. 
Frederick Shuh promoted to gen-
eral manager of General Instru-
ment-F. W. Sickles of Canada. Rob-
ert J. Sullivan advances to 
manager of liaison engineering in 
Europe for Fairchild Controls 
Corp. John G. Sinclair, Jr., previ-
ously with Hughes Aircraft, joins 
the microwave labs of Quantatron 
Inc. as senior engineer. L. D. 
Brown moves up to chief engineer 
at Aerotest Laboratories. James C. 
A lema nni transfers from Teleflex 
to International Resistance Co. as 
manufacturing engineer. T. S. 
Torian promoted by Bendix Corp. 
to director of contracts and plan-
ning for the Mishawaka Div. Earl 
H. Blaik of Avco Corp. and W. R. 
Persons of Emerson Electric 
elected to the board of directors 
of Gulton Industries. 

STROMBERG-CARLSON 

Rom GENER41 

41cHEE PREcism 

SANGAMO 
500,000 MID 

1.5 VDC 
[ichtx 658042 

SANGAMO 
500,000 MFD 
15 VIM 

ocmx 658042 

THESE FAMOUS COMPUTER MAKERS 

USE -AIVLIrdhhil% ENERGY STORAGE CAPACITORS 

Sangamo Type DCM electrolytic capacitors are especially designed for use 
as energy storage components in DC circuitry where peak power require-
ments exceed the maximum output of the associated power supply. They 
operate under high temperature conditions, minimize ripple voltage and add 

stability and long life to low voltage power supplies. 

That's why these computer manufacturers use the Sangamo DCM. That's 
why you gain by turning to Sangamo for your capacitor needs. 

Complete data on Type DCM Capacitors is detailed in Sangamo's Engineer-
ing Catalog 2231. Contact your Sangamo Representative, or write us for 

your copy. 

SANGAMO ELECTRIC COMPANY 

ECc SPRINGFIELD, ILLINOIS 
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planting 

for tomorrow 

You've heard of the "hard sell" and the "soft sell" —  but many of our advertisers are 
also interested in the "long sell". 

This is planned advertising. You might call it "planting for tomorrow". 

The sales seed in an advertising message bears abundant fruit if sown in fertile ground 

. . . readers of this publication, for example, who, in buying this issue, have demon-

strated their interest in what we have to say. 

As a member of the Audit Bureau of Circulations*, our circulation records have been 

audited and the facts published —  by this impartial organization of advertisers, adver-

tising agencies, and publishers. These bedrock facts about our circulation audience 

can help you to plan more productive advertising. 

Is your own planned selling based on circulation facts? You can be ABC-sure. Ask 
to see a copy of our latest circulation report. 

electronics 
A McGRAW-HILL PUBLICATION • 330 W. 42nd ST. • NEW YORK 36, N. Y. 18P 

• Through the reports issued by the Audit Bureau of Circulations, this publication, along with 

other publisher members of ABC, voluntarily and regularly give the buyers of advertising more 

verified factual information than is available for any other advertising media at any time. 
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EMPLOYMENT OPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 

FOR POSITIONS AVAILABLE 

ATTENTION: 

ENGINEERS, SCIENTISTS, PHYSICISTS 
This Qualification Form is designed to help you advance in the elec-

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience in 

electronics and deals only in essential background information. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our processing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested com-

panies. 

WHAT TO DO 

1. Review the positions in the advertisements. 

2. Select those for which you qualify. 

3. Notice the key numbers. 

4. Circle the corresponding key number below the Qualification Form. 

5. Fill out the form completely. Please print clearly. 

6. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, 

Box 12, New York 36, N. Y. (No charge, of course) 

4B 
rut here 

COMPANY 

AIRCRAFT ARMAMENTS INC. 
Cockeysville, Maryland 

THE BENDIX CORPORATION 
Kansas City Division 
Kansas City, Missouri 

BROOKHAVEN NATIONAL LAB. 
Upton, New York 

CORNELL ASSOCIATES 
Chicago, Illinois 

ERIE ELECTRONICS DIV. 
Erie Resistor Corp. 
Erie, Pa. 

SEE PAGE 

88 

88 

80 

88 

88 

ESQUIRE PERSONNEL 104* 
Chicago, Illinois 

FIDELITY PERSONNEL OF PHILADELPHIA 104* 
Philadelphia, Pa. 

HEATH COMPANY 88 
Benton Harbor, Michigan 

LABORATORY FOR ELECTRONICS 87* 
Boston, Massachusetts 

McGRAW-HILL PUBLISHING CO., INC. 104* 
New York, New York 

REPUBLIC AVIATION 103* 
Farmingdale, L. I, New York 

WHO'S HIRING WHO 88 
Washington, D. C. 

P-6754 88 

• These advertisements appeared in the 5,26 '61 issue 

KEY = 

1 

2 

5 

e 

9 

10 

11 

12 

13 

MI Mil IM IIM IM WM Ma WI MI IM MI Ma 11.11 111111 
(cut here 

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
Personal Bacicground Education 

NAME   PROFESSIONAL DEGREE(S)  

HOME ADDRESS.  MAJOR(S)   

CITY  ZONE  STATE  UNIVERSITY   

HOME TELEPHONE  DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 621 

El Aerospace D Fire Control D Radar 
CI Antennas D Human Factors D Radio—TV 
D ASW Ell Infrared D Simulators 
LI Circuits D Instrumentation D Solid State 

D Communications Ill Medicine D Telemetry 
ri Components D Microwave D Transformers 
Ei Computers D Navigation Ill Other   

El ECM D Operations Research r]  

D Electron Tubes D Optics E  
D Engineering Writing D Packaging ri  

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Months) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 

SYSTEMS 
(New Concepts) 

DEVELOPMENT 
(Model) 

DESIGN 
(Product) 

MANUFACTURING 
(Product) 

FIELD 
(Service) 

SALES 
(Proposals 8 Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT iNTEREST YOU 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

June 2, 1961 
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EMPLOYMENT OPPORTUNITIES 

 MIMMI111111. 

POSITIONS OPEN 

FOR INQUIRING 

MINDS IN 

MANUFACTURING 
ENGINEERING! 

Engineering Special Projects 

Bendix of Kansas City, Missouri needs 

three Manufacturing Engineers to do orig-
inal work with new materials, and close, 
more exacting work with ordinary mate-

rials—minds that will inquire into the 
many branches of technology and bring 
together that combination of techniques 
capable of producing a unique product. 

As a Prime Contractor for the Atomic 
Energy Commission, our function is to give 
the Weapon Designer the greatest possible 

latitude in exploiting new materials and 
techniques. We do this by paralleling his 
design work with advanced development 

of manufacturing processes during the de-
sign phase. The control of processes must 

frequently be so precise that automation 
is required for that reason alone—produc-
tion quantity notwithstanding. 

Engineers who can fill these positions must 
combine original thought with solid train-

ing in the basic physical sciences. They 
must be able to combine the reasoning of 
several disciplines in the development of 

-1 soli/lion. Minimum requirements include: 

* Bachelor's Degree in Mechanical, Chemical 
or Electrical Engineering. 

* Strength in one or more of the following 
fields: subminiature transformer and tor-

oid production, fabrication and assembly 
of precise and delicate electrical and elec-
tronic assemblies requiring special en-
vironmental facilities. 

These are responsible positions for engi-

neers who are qualified to do original and 
creative work, and who can demonstrate 

by a record of past professional accomp-
lishment that They possess this ability. 

Ours is one of the nation's most vital 
industries. We offer unusually generous 
company benefits in a Midwestern com-
munity which is famous for its beauty and 
low cost-of-living. All replies will be 
strictly confidential. 

For Personal Interview Send Resume to 
Mr. K. L. Beardsley 

Box 303-VI 

ddl qualified applicants will receive con-
sideration for employment withotit regard 
•o race, creed, color or national origin. 

KANSAS CITY DIVISION 

95th 8, Troost, Kansas City 41, Missouri 

A stimulating challenge to 

COMPETENT 

ENGINEERS 
AAI's continued growth offers ex-
ceptional opportunities to qualified 
engineers who want the freedom 
of creative thinking and have the 
ability to work as a team. Right 
now we're looking for this kind 
of talent to add to our staff: 

ELECTRONIC ENGINEERS 
...with experience in digital systems 

design, digital analysis and design, 
pulse circuitry, simulation and 
telemetry. 

... to work on computers, test equip-
ment and instrumentation. 

ELECTROMECHANICAL ENGINEERS 
... with experience in servos, relays, 

switches and analog computers. 

...to work on trainers and simula-
tors. 

If your experience is in any of 
these areas and you are interested 
in moving ahead with us, send your 
resume to Mr. D. J. Wishart. 

AIRCRAFT ARMAMENTS, INC. 
Cockeysville, Maryland 

(Suburban Baltimore) 

All qualified applicants will receive considera. 
fion for employment without regard to race, 
creed, color or national origin. 

20,000 JOBS 
U. S. A. & WORLDWIDE 

WHO'S HIRING WHO (Fifth Edition) identifies ¡ob 
vacancies in all states, all continents (plus 

Caribbean 8, Pacific islands.) Includes more than 

10,000 ¡abs with interview 8, moving expenses 

paid! 

FULL GUIDES ON HOW TO PREPARE A SUPERIOR 

RESUME ARE INCLUDED PLUS FREE RESUME 

REPRODUCTION & REFERRAL TO EMPLOYERS 

FOR ELECTRONIC ENGINEERS & TECHNICIANS.  

All only $1 postpaid and yet WHW is the most 
complete report of ¡ob openings publicly avail-
able in the U. S. 

Full refund if not satisfied. 

WHO'S HIRING WHO (E-2) 

2020 M St. N.W. Washington 6, D. C. 

CHIEF PROJECT ENGINEER 
Minimum—B.S.E.E. or Physics, for Inertial 

Guidance Systems Design and Develop-
ment group. Should have Inertial Systems, 
or Airborne Electronic Systems background 
and administrative qualities. 

SALARY TO 17,500 

Write or Wire 
MICHAEL BASS, Vice President 

Cornell 
14 East Jackson Blvd. Chicago 4, Illinois 

WAteash 2-7580 

ELECTRONIC COMPONENT 

DEVELOPMENT ENGINEER 

Experienced in the design and develop-
ment of Capacitors and/or Resistors for 
Commercial and Military applications. 

Ideal opportunity for ambitious man to 

develop to limit of his ability. Salary— 
Open. Location—Erie, Pa. Call or send 
resume to: Chief Engineer 

Erie Electronics Division 

ERIE RESISTOR CORPORATION 

645 West 12th 51., Erie, Pa (GL 6-8592) 

ELECTRONIC ENGINEERS 

to design and develop 

HEATHKIT AUDIO PRODUCTS 
If you have circuit design experience with high 
fidelity components . Heath Company can offer 
you excellent salary and benefits plus the opportu-
nity and security unique to a fast-growine consumer 
products manufacturer. Ideal conditions in a mod-
ern plant on the shores of Lake Michigan. 2 hours 
from Chicago. Send complete resume including 
salary requirements to: 

D. J. McNamara 

HEATH COMPANY 
A Subsidiary of Daystrom, Inc. 
BENTON HARBOR, MICHIGAN 

Telephone GA 4-2411 

Wanted: Electronic Meter Engineers 
Young and aggressive meter manufacturing Brai 
has opening for two experienced meter engineers. 
Design and de.clopment and production back-
ground important. Salary open. Advance with this 
dynamic firm in its all new plant. All replies will 
he held in strictest confidence. 

P 6754 Electrniii, 
n.17, N Michigan Ave.. Chicago I I. III. 

PERSONNEL MANAGERS 

Looking for 

EXPERIENCED ENGINEERS . 

TECHNICAL PERSONNEL? 

Write for a free copy of: 

"HOW TO ATTRACT 

ENGINEERS" 

This file-size booklet is designed for person-
nel people faced with the problem of recruit-
ing engineers and technical people. 

The top-flight engineers and technical person-
nel you want are at a premium . . . as this 
twenty page booklet points out. How you can 
reach and influence these men is the story 
told. 

This booklet describes the McGraw-Hill publi-
cations best suited to reach the specific type 
of engineer you want ... how you can make 
corffact . . . channel and concentrate your em-
ployment advertising to ¡ust the men with 
the ¡ob qualifications you wont . . . helpful 
hints to consider and pitfalls to avoid when 
you prepare your copy and layout for on 
"Employment Opportunity" advertisement ... 

Write for your free copy to . . 

B. A. Feher 

Classified Advertising Division 

McGraw-Hill Publishing Co., Inc. 

Post Office Box 12 

New York 36, New York 
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INDEX TO ADVERTISERS 
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Audited Paid Circulation 

'AMP Incorporated   

'Ace Electronics Associates, Inc  
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* See Advertisement in the July 20, 1960 issue 
of Electronics Buyers' Guide for complete line of 

products or services. 

1 

SQUARE-LOOP 
TAPE CORES 

TO MEET YOUR 
TOUGHEST 

SPECIFICATIONS 
Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe-
rience and facilities—the know-
how to deliver parameters to 
your very tightest tolerance re-
quirements for switching time, 
flux, and noise. 
Dynacor Square-Loop Tape 

Cores are manufactured with the 
high permeability alloys—Grain-
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 
. . . with fully guaranteed uni-
formity .... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im-
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 

DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 

1006 Westmore Ave • Rockville, Maryland 
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IMMEDIATE DELiVERY 
ANYWHERE 
IN THE 
NATION 

COSMIC 
ELECTROLYTIC 

AND 

PAPER TUBULAR 

CONDENSERS 
"35 YEARS OF PROVEN 

DEPENDABILITY" 

COSMIC CONDENSER CO. 
853 WHITTIER STREET, BRONX, N 

LUdlow 9-3 36 0 

CIRCLE 211 ON READER SERVICE CARD 

Y 

PORTABLE 
REGULATED 
DC POWER SUPPLY 

model L3501 
6" x 8" x 8" 

Large 
Capacity 
Low-priced 

only 

$1995° 
• CONSTANT VOLTAGE 0-35v, 0-1A. 
• CONSTANT CURRENT 0-30v, 0-1A. 
• Transistor regulated-5mv. from no load 

to full load or for a 10% line change. 
• Remote programming & current limiting. 
• Two year guarantee 
• Send for Bulletin P-61-1 

Universal Electronics 
COMPANY / 1720 Twenty-second Street 

Santa Monica, Calif. EXbrook 3-9219 

*Radio Corporation of America.. 4th Cover "Waters Manufacturing, Inc  59 

"Raytheon Company   5 

Sangamo Electric Co  

*Sierra Electronic Corp  

.Sorensen & Co  

Space Technology Laboratories, Inc  

Sprague Electric Co 26. 

Texas Instruments. Incorporated 
Semiconductor-Components Div.. -9. 

Transvision   

',Turbo Machine Co  

85 

10 

30 

1 

27 

61 

63 
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ADVERTISERS INDEX 

Aircraft Armaments Inc  88 
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*Universal Electronics Co  90 

* See Advertisement in the July 20, 1960 issue 

of Electronics Buyers' Guide for complete line of 
products or services. 
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This index and cur Reader Service Numbers are pub-

lished as a service. Every precaution is taken to make 
them accurate. but ELECTRONICS assumes no re-

sponsibilities for errors or omissions. 
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Audit Bureau 
Of Circulatinns 

118P 
Assoc.,. il Business 

Publications 

Audited Paid Circulation 

BRUCE A. WINNER 

Advertising Sales Manager 

R. S. QUINT, Assistant Publisher Buyers' Guide 

and Business Manager; FRED STEWART, Pro-

motion Manager; B. ANELLO, Marketing 

Service Manager; RICHARD J. TOMLINSON, 

Production Manager; GEORGE E. POMEROY, 

Classified Manager; HUGH J. QUINN, Circu-

lation Manager. 

ADVERTISING REPRESENTATIVES: NEW YORK 

Donald H. Miller, Henry M. Shaw, George F. 

Werner; BOSTON William S. Hodgkinson, 

Donald R. Furth; PITTSBURGH David M. 

Watson; PHILADELPHIA Warren H. Gardner, 

William J. Boyle; CHICAGO Harvey W. 

Wernecke, Martin J. GoUay; CLEVELAND 

P. T. Fegley; SAN FRANCISCO T. H. Carmody, 

R. C. Alcorn; LOS ANGELES Marshall Freeman; 
DENVER J. Patten; ATLANTA M. Miller ; 

HOUSTON Joseph A. Page; DALLAS Robert 

T. Wood, Frank LeBeau; LONDON Edward E. 
Schirmer; FRANKFURT Stanley R. Kimes; 

GENEVA Michael R. Zeynel. 
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Holcombe Blvd., Houston 25; McGraw-Hill Pub-

lishing Co., Ltd., 34 Dover Street, London, 
England; 85 Westendstrasse, Frankfurt/Main; 

2 Place de Port, Geneva. 
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NEW! 
AC/DC digital voltmeter 

EXCLUSIVE FEATURES: 

remote (programable) control 

up to 10 times more AC and DC resolution 

industry's highest AC accuracy 

The Model 502B AC/DC Digital 
Voltmeter measures DC between -±100 
microvolts and ±.1000 volts, AC from 

30 cps to 10 kc between 1 millivolt and 
1000 volts. The readout displays 4 
digits plus a 5th over-ranging digit 
(0 or 1) that gives 10 times greater 
resolution at the decade points 
(1, 10, 100 volts). The 502B is unique 
among digital voltmeters in providing 
AC over-ranging on the two lower 
manual range scales-00.000 to 19.999 
volts and 000.00 to 199.99 volts. 

DC measurements are accurate 
within 0.01% of reading -± 1 digit. 
AC accuracy is the highest in the 
industry—within 0.1% of reading or 
± 3 digits from 30 cps to 10 kc 
for inputs up to 10.000, 100.00, or 
1000.0 volts on the respective range 
scales, within the same tolerance 
for signals from 50 cps to 7 kc up to 
15.000 and 150.00 volts on 
the respective scales. 

The 502B is the only digital voltmeter 
controllable by remote contact 
closures. With the AC converter control 
set to REMOTE, contact closures can 
select any of the following ranges (1) 
10-volt range, AC; (2) 100-volt range, 
AC; (3) 1000-volt range, AC; (4) auto-
range, AC; or (5) auto-range, DC. 

Write for detailed literature or a 
demonstration of this outstanding 
instrument. 

Price $4245.00. Delivery from stock. 

Representatives in all major cities. 

5725 Kearny Villa Road, San Diego 11, California • BRowning 7-6700 

KIN TEL 

COHU 
mt...ŒC-rFtOrvIcs. sr4C. 



/?OA Afkrowave Devices , The RCA Microwave facility has recently received the "Reduced Inspection Quality 
Assurance Plan" award-by U. S. Army Signal Supply Agency-for a number of out-
standing tube types. Here are additional types that will be of interest to you. 

REPRESENTATIVE RCA MICROWAVE TUBES, SOLID-STATE OSCILLATORS AND AMPLIFIERS 

LOW-NOISE SOLENOID AND PPM TRAVELING-WAVE TUBES (listed by Power-Frequency Ratings) 

Type No. 

A-1217. 
A•1217-V4. 
A•1119. 
A.1207. VS 
A-1207-V10. 
A•1139. 
4019 
4017 
4020 

Frequency Range (Mc) 

1100-1400 
1700-2000 
2000-4000 
2190-2310 
3500-4000 
1000-2000 
1000-2000 
2000.4000 
4000-7000 

Min. Power Output (Watts) 

0.0005 
0.0005 
0.001 
0.001 
0.001 
0.01 
0.01 
0.01 
0.01 

Min. Small-Signal Gain (db) 

20 
25 
20 
20 
25 
20 
28 
30 
28 

Max. Noise Factor ldb) 

4.5 
5 

12 
4.5 
5 
12 
17 
16 
ill 

4(.109 
A-1140" 
A•1215. 
A-1189" 

4021 
4010 

A•1205* 
4015 

A- 1 225' 
A•1093". 
A-1 160' 
A-118I• 
A.1136. 
A 1179' 
A-1134. 

PPM POWER TYPE TRAVELING-WAVE TUBES (listed by POwer-Frequency Ratings) 

2000-4000 
8000-12000 
12000-15000 
4000-7000 
1000-2000 
2000.4000 
4000-7000 

8000.12000 
12000-15000 

1700.2300 
2000-4000 

7500-11200 
5000-6000 
2000.4000 
2000-4000 

0.01 
0.01 
0.01 
0,1 

5 
0:".t 

25±. 
50± 
80:t 
10002':-

33 
33 
.30 
30 
27 
33 
30 
33 
30 
27 
25 
27 
30 
23 
30 

PENCIL TUBES (including Integral-Cavity Types) 

Type No. Description Max. Dimensions (in.) 

A-15131* 

A•15132. 

CW integral-cavity type for flood-tuned oscillator service-300 row useful 
power output. Variants available to cover 50 Mc intervals, 975-1225 Mc. 

Similar to A-15131, but for pulsed-oscillator service-500-watts peak 
useful power output. 

CW integral-cavity type for fixed-tuned oscillator service-300 mw useful 
power output. Variants available to cover 100 Mc intervals, 1800-2250 Mc. 

Similar to A-15227, but for plate-pulsed oscillator service-300 watts 
peak useful power output. 

CW integral-cavity type for Cued-tuned oscillator service-50 mw useful 
power output. Variants available to cover 100 Mc intervals, 3000-3450 Mc. 

Similar to A-15235, but for plate-pulsed oscillator service-50 watts peak 
useful power output. 

For low-noise, Class-A service at altitudes up to 100,000 ft. without 
pressurization. 13 db min. power gain for 5 Mc Bw.  

Similar to 7552, but has additional performance and environmental 
features. 14 db min. power gain for 5 Mc Bw.  

For low-noise, class-C service at altitudes up to 100,000 ft. (at reduced 
ratings without pressurization). 1.6 watts power output at 500 Mc.  

Similar to 7554, bu for plate-pulsed oscillator service-250 watts 

Length 

4.6" 

4.6" 

Diam. 

0.984. 

0.98à 

A•15227. 

A•15228• 

2.5" 

2.5" 

1.04 

1.0à 

A•15235• 

A•15236. 

5.5" 

5.5" 

1.04 

1.0A 

7552 

7553 

7554 

A-15205. 
peak useful power output. 

1.62 

1.62 

1.62 

V. 

0.557 

0.557 

0.557 
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Solid-State Oscillators Solid-State Amplifiers Magnetrons (Pulsed-Oscilla or Service/ 

Type No. Description Type Na. Description Type No.11 Frequency 
Range (Mc I 

Min. 
Peak Power 
Output (kw) 

Tuning 

SS-100 . 
L-Band, mechani-
cally tunable 
tunnel-diode type 

L-Bond, electroni-
cally-tunoble 
tunnel-diode type 

UHF and into 
S-Band, 
Cued-tuned 
tunnel-diode type 

55-500' L•Band, tunnel. 
diode type 6521 5400 ±20 75 None 

$5-104. SS-1000. 
S-Band helix•type 
parametric 
amplifier 

7008 8500-9600 200 Servo 

55-107* 55•1001.V1 • 
S-Bond helix-type 
Parametric 
amplifier 

L-Band mechanically 
tunable low-noise 
parametric amplifier 

55•1002. 

7111 8500-9600 200 Hand 

'Developmental type 
••Excludes flexible leads 

#Peak IltWith integral permanent magnet 
•Excludes frequency adjustment screws and rf connector 

RCA Electron Tube Division, Harrison, N. J. 

Non' Available! A 16-page booklet 
filled with technical data on nearly 100 
different RCA Microwave Tubes and 
Solid-State Amplifiers and Oscillators. 
For your free copy, write on company 
letterhead to Section F-19-Q-1, Com-
mercial Engineering, RCA Electron 
Tube Division, Harrison, N. J. 

The Most Trusted Name in Electronics 

RCA Electron Tube Division Field Offices... INDUSTRIAL PRODUCT SALES: NEWARK 2, N. J., 744 Broad St., HU 5-3900 • CHICAGO 54, ILL., Suite 1154, Merchandise Mart 
Plaza, Wil 4-2900 • LOS ANGELES 22, CALIF., 6801 E. Washington Blvd., RA 3-8361 • BURLINGAME, CALIF., 1838 El Camino Real, OX 7-1620 • GOVERNMENT SALES: 
HARRISON, N. J., 415 South Fifth St., HU 5-3900 • DAYTON 2, OHIO, 224 N. Wilkinson St., BA 6-2366 • WASHINGTON 7, D.C., 1725 "K" St., NW., FE 7-8500. 


