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TESTED waveguide and coaxia equipment 

9 752 Multi-Hole Coupler 

Precision directional couplers 
provide coupling factors of 3, 10 
or 20 db Coupling accuracy -± 0.4 
db or 0.7 db. Directivity better 
than 40 db full range, SWR less 
than 1:1 (752A), 1:05 (752C/D). 
Cover frequencies 2.6 to 40 GC. 
$100.00 to $375.00. 

ppoi•oe".* 
• 372 Precision Attenuators 

Rugged, broadband fixed attenuators 
retaining precise calibration regard-
less of humidity, temperature or time. 
Invariant attenuation assured by per-
manent, "multi-hole coupler" joining 
of two waveguides. 10 and 20 db mod-
els, 2.6 to 18.0 GC. $110.00 to $400.00. 

760D/761D 
Dual Directional Couplers 

Ideal for reflectometer systems, these co-
axial couplers are flat to -± 0.5 db over 
4-to-1 frequency range. Directivity is 35 
db (760D) and 30 db (761D). Feature 
high power capacity, low insertion loss 
and SWR. 9 760D, 250 MC to 1 GC, 
$200.00; 9 761D, 1 to 4 GC, $185.00. 

9 375A 
Variable Flap 
Attenuators 

Simple, convenient for adjusting wave-
guide power or isolating source and 
load. Max. SWR less than 1.15 full 
range; attenuation variable 0 to 20 db, 
dissipates average powers up to 0.5 or 
1 watt. S through R bands, 2.6 to 40.0 
GC. $90.00 to $190.00. 

: 

e 870A/872A Slide Screw Tuners 
For waveguide, coaxial (872A shown) 
applications. Probe position, penetra-
tion sets up reflection cancelling exist-
ing reflection. Lead screw or microm-
eter varies probe insertion for 870A Tu-
ners, 2.6 to 40 GC, $125.00 to $300.00. 
Micrometer drive varies insertion on 
872A, 500 MC to 4 GC, $525.00. 

e 362A Low Pass Filter 
Compact models increase SWR mea-
surement accuracy by suppressing har-
monics; feature low insertion loss, broad 
stop band. 8.2 to 40.0 GC (includes N-
band model). $325.00 to $385.00. 

9 430C Microwave Power Meter 
e 476A/477B/485 Mounts 
*, 430C reads rf power direct in dbm or mw, 
requires no calculations. Covers 2.6 to 40.0 
GC, operates with 9 476A, 477B, 485 bolom-
eter, thermistor or detector mounts; also with 
() 487 Broadband Waveguide Thermistor 
Mounts (see alongside). 9 430C, (cabinet), 
$250.00; () 430CR, (rack mount), $255.00. 
*, 476A Universal Bolometer Mount, 10 to 
1,000 MC without tuning, $85.00. e 477B 
Coaxial Thermistor Mount, 10 MC to 10 GC 
without tuning, $75.00. (¡ 485 Detector 
Mounts available in three basic series: S485A 
2.60 to 3.95 GC, no tuning; 485B, 3.95 to 12.4 
GC; 485D, 2.6 to 8.2 GC. 485 models, $75.00 to 
$185.00. 

9 487 Waveguide 
Thermistor Mounts 

Models covering 2.6 to 
40.0 GC. Each covers full 
range of guide; no tun-
ing, SWR 1.35 to 2.0. 
10 mw max power. Uses 
permanently installed 
100 ohm negative co-
efficient thermistor; 
18.0 to 40 GC models use 
200 ohm thermistor. 
$75.00 to $225.00. 

e 810/815B Slotted Sections 
9 810B Slotted Sections. Jj, 810B, for809B 
carriage, flanged, waveguide section with 
accurately machined slot. Slot tapered at 
ends to minimize reflection. 3.95 to 18.0 GC. 
$90.00 to $125.00. 
• S810A. Complete slotted section assem-
bly including probe carriage. In 2.6 to 3.95 
GC (S-band) size only. $450.00. 
9 815B Slotted Sections. For mounting in 
814B carriage. Available in two bands, 18.0 
to 40.0 GC. Accurately machined; easy 
interchange, precise positioning. $265.00. 
9 806B Coaxial Slotted Section. 3 - 12 
GC, fits 809B, Type N connectors. $200.00. 

9 805C/D Slotted Lines 

Utmost mechanical rigidity, less leakage, 
greater accuracy, SWR 1.02 or 1.04. Range 
500 MC to 4 GC, reads in cm and mm to 
0.1 mm. 9 805C, for 50 ohm Type N, e 
805B, for 46.3 ohm RG 44/U. e 805C, 
$525.00; 805D, $600.00. 

415B/C Standing Wave Indicators 

e 415B operates with 
all e waveguide and 
coaxial slotted sec-
tions, gives readings 
in SWR or db. Low 
noise level, 0.1 pv full 
scale sensitivity, 60 
db calib. attenuator. 
$200.00 (cabinet), 

$205.00 (rack). New e 415C (pic-
tured) offers similar characteristics 
but is transistorized, incorporates 
revolutionary four-times expansion 
of readings at any point on any scale. 
Price on request. 

9 416A 
Ratio Meter 

Displays ratio 
between two 
signals, irre-
spective of 

common amplitude variations. Espe-
cially useful for swept frequency 
measurement of VSWR, reflection 
coefficient, gain, insertion loss and 
other microwave parameters. Cali-
brated in VSWR, % reflection, db. 
See offer for 9 Application Note 42 
elsewhere in this advertisement. 
$550.00 (cabinet), $535.00 (rack). 

HEWLETT-PACKARD COMPANY 
107-1A Page Mill Road Palo Alto, California, U.S.A. 
Cable "HEWPACK" DAvenport 6-7000 
Field representatives in all principal areas 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 
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presenting 130 high quality 

FULL- RANG 
irEsir n microwave 

measuring 
instruments 

E 
E 

Your representative offers two very important advantages 

e a complete (and rapidly expanding) 
microwave line 

complete assurance that the equipment will 

perform precisely as specified or better 

$ makes sure you get what you pay for by rigid quality control 

plus 100% electrical testing using le, developed methods including 

reflectometer and swept frequency techniques. $ knows when a 

parameter is out of spec; never gambles your money and time that 

3 or 4 sample measurements taken across an instrument's range 
truly indicate its full-range performance. 

See your (fie rep now for FULL-RANGE TESTED microwave 
equipment ... get what you pay for. 

• 344A Noise Figure Meter 

Quickly, accurately measures noise fig-
ure of operating radar sets. Automatic 
operation; simple front panel calibra-
tion. Militarized, transistorized, reliable 
in extreme environments, minimum size 
and weight. Continuous noise figure 
presentation on most radar receivers. 
Extremely high sensitivity permits de-
coupling noise source up to 20 db from 
main transmitter line to minimize sys-
tem degradation. Provision for auto-
matic alarm, remote noise figure mon-
itoring, modulating. Meter scale/excess 
noise options; 25 or 30 MC input fre-
quency, 1 MC bandwidth, 75 ohms in-
put impedance. Approx. $1,600.00 (de-
pending on options, modifications). 

340B/342A Noise Figure Meters 

General - purpose instruments making 
possible, in minutes, receiver and com-
ponent alignment jobs that once took 
hours. Simplifies accurate alignment; en-
courages better maintenance, perform-
ance. 
340B automatically measures, contin-

uously displays IF or receiver noise fig-
ure at 30 or 60 MC; other frequency on 
order. $715.00 (cabinet), $700.00 (rack). 
e 342A, similar, operates on 30, 60, 70, 
105,200 MC .30 MC and 4 other frequen-
cies between 38 and 200 MC on order. 

New Microwave Catalog 
A new 32-page Hewlett-Packard 
Microwave Instrumentation catalog 
is yours for the asking. Contact your 
rep or write direct for this catalog 
which discusses theoretical and how-
to-do-it techniques and includes a 
complete listing of fr microwave 
instruments and their specifications. 

$815.00 (cabinet), $800.00 (rack). (Note: 
Models 340B and 342A available only in 
the U.S.A. and Canada.) 
e 343A VHF Noise Source, temperature 
limited diode broadband source, 10 to 600 
MC, 5.2 db excess noise, $100.00. 
e 345B IF Noise Source, 30 or 60 MC 
(others to order); 4 impedances, 5.2 db 
excess noise. $100.00. 
e 347A Waveguide Noise Source, Ar-
gon gas discharge tubes in waveguide 
section; frequencies 2.6 to 18.0 GC, 15.2 
db excess noise. $200.00 to $300.00. 
4+ 349A UHF Noise Source, 400 to 4,000 
MC, wider with correction. 15.2 excess 
noise. $325.00. 

Basic test, power and 

impedance measuring 

equipment 



Complete line of FULL-RANGE 
BASIC TEST EQUIPMENT 

e 382A/B/C Broadband Precision Waveguide Attenuators 
Dielectric loading in new S832, X382 
produces long electrical length for high 
accuracy with short physical dimension, 
provides hitherto unknown convenience. 
Calibrated range, 0 to 60 db. Degree-of-
rotation scale allows accurate small 
changes at high attenuation and accurate 
resetting to high values of attenuation. 
e 382B models calibrated to 0.1 degrees; 
382C models to 0.01 degrees. g 382A se-
ries rotary-vane attenuators, 3.95 to 40 
GC, attenuation 0 to 50 db, $275.00 to 
$800.00; e 382B/C models, $295.00 to 
$650.00. 

532/536A Frequency Meters 

Comparable wide band, 
direct reading conveni-
ence are offered by e 
532 series, 3.95 to 40 
GC, and g 536A, 1 to 
4 GC coaxial, Frequen-
cy Meters. Comprise 
high Q resonant cavity 
tuned by choke plun-
ger; no sliding contacts. 
Transmit virtually 
full power at resonance. 
532 series, $175.00 to 
$325.00; # 536A, $500. 

# 422A, 421A, 420A/B 
Crystal Detectors 

High sensitivity (0.05 v/mw), 
flat frequency response (-±2 db) 
and accurate square-law char-
acteristics (± 1 db from -3 to 
-40 dbm) are available with 
new tf 422A Crystal Detectors 
(pictured), K and R bands, 18 

to 40 GC. 4 422A, $200.00 each, available in 
matched pairs for reflectometer systems, $420.00 
a pair. p also offers high sensitivity detectors 
covering a wide frequency range: 421A, 7 to 18 
GC, $75.00 to $130.00; 420A for Type N coax 
lines, 10 MC to 12.5 GC, $50.00 each; 420B for 
reflectometer systems, matched pair, $150.00. 

e 914A/B, 906A Moving Loads 
Full frequency coverage, 1 to 40 GC 
is available from e waveguide or co-
axial moving loads. Model 914 series, 
2.6 to 40.0 GC, are waveguide sections 
containing sliding, tapered, low-reflec-
tion loads. Plunger controls load posi-
tion, travels 1/2 wavelength at lowest 

frequency to reverse phase of residual 
load reflection. Model 906A, 1 to 12.4 
GC, coaxial, includes adapters for 
Type N male, female connectors. 
914A/B series, $50.00 to $250.00; 
906A, $250.00. 

POWER MEASURING EQUIPMENT 

4 434A 
Calorimetric 
Power Meter 

Connect and read 
powers 10 mw to 
10 watts, de to 12.4 
GC. No barretter, 
thermistor needed, 
no external termi-

nations or plumbing. Measures CW or 
pulsed power. Two simple controls. DC in-
put impedance 50 ohms approx.; input SWR 
less than 1.7 full range, less than 1.3 to 5 
GC. Accuracy within 5% full scale. $1,600.00 
(cabinet); $1,585.00 (rack mount). 

e 431A Microwave Power Meters. 4 478A/486A Thermistor Mounts 

Now end tedious zero setting with new 9 431A 
Power Meter (pictured). Measures 10 iw to 10 mw 
full scale in 7 ranges, also reads in dbm. -± 3% 
accuracy all ranges, drift less than 2 Lw/°C! One 

zero setting for all ranges, good for hours. Provides additional sensitivity of 
10 db over previously available instruments. Operates with e 478A, 486A 
Thermistor Mounts. # 431A, $345.00. New 4 478A (center, above) covers 10 
MC to 10 GC without tuning, is truly temperature compensated, contains two 
thermistor pairs for use with dual bridge of 431A. SWR less than 1.5, high 
accuracy, drift-free operation. $145.00. New *1 X486A Waveguide Mount, also 
temperature compensated, gives high accuracy, new convenience. 8.2 to 12.4 
GC without tuning, SWR less than 1.5. $145.00. 

IMPEDANCE MEASURING EQUIPMENT 

Easy waveguide interchange 

e 80913, etoB 

e sia. 815E. 44613 

809B/814B Universal Probe Carriages 

Models 809B and 814B are precision 
built mechanical assemblies operating, 
respectively, with e 810B and 815B 
series slotted sections. 
Combination of the 809B carriage and 
810 slotted sections covers 2.6 to 18.0 
GC. Combination of 814B carriage 
and 815B series sections covers 18.0 to 
40.0 GC. 
On either carriage, waveguides can be 
interchanged in seconds. Only one 
probe (for each carriage) covers full 
frequency range. Manufacture is of 
highest quality, assures positive me-
chanical positioning of interchange-
able waveguides and precise installa-
tion of mating g probes. e 809B has 
vernier scale reading to 0.1 mm, is 
equipped for dial gauge mounting. e 
814B has dial read directly to 0.01 
mm. 4 809B. $175.00. 4 814B. $225. 

e 444A/446B 
Untuned Probes 

g 444A (shown) is 
modified crystal 
(1N76 or 1N26) 
plus small anten-
na in convenient 
housing. Probe 
penetration easily 
variable; locks in 
position. No tun-

ing; sensitivity superior to elabo-
rate single, double tuned probes. 
Range 3.0 to 18.0 GC; fits 3/4" 
bore. e 446B for g 814 Probe 
Carriage, similar but covers 18.0 
to 40.0 GC. 4 444A, $40.00. 
446B, $145.00. g also offers mod-
el 440A, for barretter or crystal, 
Type N coaxial, $85.00. 
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PURMEABILITY 

CURRENT 
INDUSTRY RANGE.S 

"S " 
UP IIMERMU' 40 

New! Higher 
permeability, 
no extra cost... 

in small transformer core laminations. 

Pack extra performance into your miniature 
transformers at no extra cost with Magnetic 
Metals' new mite-size transformer core lamina-
tions. Use these carefully engineered laminations 
where you need high specific resistivity and low 
hysteresis loss, particularly where you require 
low core loss at high frequencies. They let you 
miniaturize your designs even further without 
sacrificing performance. 

Supplied only by Magnetic Metals, these new 
small laminations are made of "Supermu 40"* 
which provides the highest permeability com-
mercially available. Advanced manufacturing 
techniques now bring this premium line of 
laminations to you at no extra cost. 

*79% nickel-iron molybdenum alloy 

Write today for more information on our en-
tire line of small transformer core laminations. 
Our engineers are ready to help you select, from 
the most comprehensive line of laminations in 
the industry, the best grade of material for the 
exact results you want. 

Hayes Avenue at 21st Street, Camden 1, New Jersey 

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

tÉ8 

2 CIRCLE 2 ON READER SERVICE CARD electronics 



f 

Model No. B813T 
Transistorized, Portable, 
Line or Battery Powered, Ai 
Precision Standing Wave 
Amplifier. Price: $285. 
Compl. with rechargeable battery 

-ww 

the new FXR 

transistorized 

precision 

standing wave 

amplifier has 

exceptional 

accuracy of 

ze.0.05 db 

This 2_70.05 db accuracy, the most precise 
in the industry, holds true for both the full 
scale meter movement and for each 5 db 
step on the range switch. The specially 
designed meter and linear amplifier give a 
full scale maximum error at 5 db of only 
±-0.05 db. This marks a significant increase 
in accuracy over any existing Standing Wave 
Amplifier. Calibrated range of the 88131 is 
75 db. 

While extreme measurement accuracy was the 
major design criterion for this transistorized, 
portable instrument, many other design 
features are worthy of note: special circuitry 
and controls for normal, expanded and 
compressed scale readings (gain normalized 
on switching) . . . bolometer resistance 
checking, protection and current adjustment 
... selective meter damping . .. bandwidth 
selection and frequency peaking . . . range 
selection in 5 db steps... battery voltage 
checking and self-contained battery charging. 

Write or call for Bulletin B813T for details 
on the most accurate Standing Wave Amplifier 
available for microwave measurements. 

a division of 
Amphenol-Borg 
Electronics 
Corporation 

MICROWAVE 

• components 
• test equipment 
• high power electronics 

• systems 

25-26 50th Street, Woodside 77, N.Y. 

RAvenswood 1-9000 • TWX: NY 43745 

Sales Offices Throughout The World 
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ABC 

CROSSTALK 

Stock Prices vs. Earnings 

RECENT EARNINGS of many companies, and stock prices, 
prompt the question "What's wrong with electronics ?" 

There is nothing wrong with electronics. It is a leading growth 
industry. It is an industry whose potential for increasing world 
living standards has scarcely been scratched. 

Experiences of the past several months do prove, however, 
that the electronics industry is as vulnerable to the evils of over-
production and price cutting, poor cost control and, particularly, 
financial manipulation, as any other business. 

The day is passing in which manipulators can assume control, 
let's say of the Joe Doaks Dry Cleaning Company, mortgage the 
assets, factor the receivables, hire a couple of Ph.D.'s and double 
or triple the company's stock price-to-earnings ratio simply by 
calling it the Joe Doaks Astroelectronics Corporation. 

Many investors who have seen market favorites lose perhaps 
half their value in a few short weeks know better today. Never-
theless, some marginal manufacturing operations are being 
kept alive by intravenous financial feeding from hopeful invest-
ment groups. This will not go on forever. 

Manufacturers who will participate most fully in the future 
growth of electronics are those who offer unique products or 
services in important areas. There are many examples in many 
branches of the business. To take just one, a manufacturer may 
achieve a position in, say, the semiconductor business, by making 
the fastest switching transistors. A manufacturer could also 
insure a place for himself by making the most reliable transistors. 
Or a manufacturer might make the best all-around transistor 
for the least money. It is conceivable that a manufacturer could 
simultaneously make the most technically advanced unit, of 
highest reliability, and sell it at the lowest price, but this is not 
often possible because of necessary trade-offs in designs and 
manufacturing. 

There is plenty of room left in the electronics industry. How-
ever, the manufacturer who takes someone else's design and 
knocks it out on a production line has only a marginal place if, 
indeed, he has a place at all. In the long run, such a manufac-
turer is not going to be helped by any high-sounding corporate 
name or any enthusiastic promotion or "image-building." 

One man in a loft with an idea could set the industry on fire 
a few years ago. It can be done today. But the idea better be a 
really good one. And every aspect of the operation, as a business, 
had better be sound. 

Audited Paid Circulation 
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TUBE 

RELIABILITY 
AND LONG LIFE 

TROLLE 
6414 1 

E. I 

Raytheon Reliability-Controlled Tubes are 
certified to have an average life span of more 
than 10,000 hours when used under approved 
conditions — with full credit for failure within 
1,000 hours — at no increase in price! 

Through the use of special design and 
manufacturing techniques, Raytheon now brings 

you a line of Reliability-Controlled Tubes to 
meet your most critical needs for long life and 
reliability. Each Reliability-Controlled type is 
monitored by tests far more severe than those 
normally encountered in service and is backed 
up by an unprecedented 10,000 Hour Life 
Certificate. 

Applicable to shipments of 100 tubes or more from factory or Raytheon 
Distributor stock, Raytheon's 10,000 Hour Life Certificate assures you of: 

1 Full credit for any and all tube failures which occur during the first 1,000 hours of service. 

2 Proportional credit on the shipment lot to the extent that failures prevent that shipment lot 
from achieving an average life of 10,000 hours. 

Eight Reliability-Controlled types are now 
available — 6AH6WA, 6AN5WA, 5670, 
5654/6AK5W, 5755, 6414, 0A2WA, 5651WA 
— more types in development. Each data sheet 
contains a section devoted to operating condi-
tions and ratings recommended to achieve the 

long and reliable service built into these tubes. 
Full technical data and complete details on 
the new Raytheon 10,000 Hour Life Certificate 
are available from Raytheon Company, Indus-
trial Components Division, Newton 58, 
Massachusetts. 

RAYTHEON COMPANY 
RAYTHEON 

INDUSTRIAL COMPONENTS DIVISION 



ALL UNITS ACTUAL SIZE 

KOOLOHM 

4.1N  

KOOLOHM 
51V j 

KOOLOHM 
7W 

KOOLOHM - 
lOW 
labia/ 

nix» 
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 Cerone 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 forEngineering Bulletin 7300A 
for complete technical data. 

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

SPRAGUE® 
THE MARK OF RELIABILITY 

COMMENT 

ADJUSTABLE   
SHORT--

r• 9-1/4" OHMITE 
¡ RFC: 2-144 

4 
Z. 1/4" —0.01 

GAMMA RODS:#12 BUSSWIRE MOUNTED ON 
CERAMIC OR TEFLON INSULATORS 

500 
COAXIAL 
CABLE 

X/2 DIPOLE AT 145 MC 

Antennafier 

Several requests have been re-
ceived for construction details of 
the dipole antennafier (Oct. 6, p 
68). 
We have obtained modest success 

with a 145-Mc dipole made from a 
piece of i-inch aluminum tubing 
about 38 î inches long. The outer 
conductor of the coaxial feed line 
is grounded to the center of the 
dipole as shown in the figure. The 
capacitor indicated in the tunnel 
diode gamma match is a 0.01 disc 
ceramic bypass for the bias supply. 
The 91-inch length indicated for 

the gamma match was determined 
experimentally for the individual 
diode used, and could be consider-
ably different for other diodes. 
The usual precautions must be 

observed for the tunnel-diode bias 
source, in that it must be low im-
pedance, well filtered and, prefer-
ably, regulated. This d-c bias may 
be brought in on the coaxial cable, 
rather than a separate conductor, 
if desired. 
By adjusting the bias just short 

of the point where oscillations be-
gin, we have observed as much as 
15-db gain from this device, but 
there is considerable room for im-
provement in our indicated noise 
figures, which have been in the 
range of 10 to 15 db to date. 
One vitally important fact must 

be observed in the use of tunnel-
diode antennafiers. The tunnel di-
ode is basically a small-signal ele-
ment, and is easily overloaded by 
strong r-f fields from any nearby 
tv, f-m, or other vhf transmitting 
stations. Measurements are impos-
sible in close proximity to such sta-
tions unless a screened room is 

1k. 
GAMMA 

MATCH CAP. 

1/2" ALUM. TUBE 
38-3/4"LONG 

— ADJUSTABLE 
TUNNEL DIODE SHORT 
BIASt+ 100 mV 
(APPROX AND ADJ) 

available. We have avoided this 
problem by taking all our measure-
ments late at night after the nearby 
stations have signed off the air. 
We would be very pleased to hear 

the results of any tests your read-
ers might perform with this or 
other types of antennafiers or an-
tennaverters. 

JOHN R. COPELAND 
W ILLIAM J. ROBERTSON 

The Ohio State University 
Columbus, Ohio 

Medical Electronics 

The Medical Electronics Part V 
article in the July 21 issue (p 63) 
is excellent, as are the other parts 
in this series. Thank you very much 
for the mention of the Atronic 
Pacer. 

However, my blocking oscillator 
analog should not have been com-
bined with reference to the Med-
tronic Pacemaker in Fig. 1 of your 
article. 

Regardless, your efforts have 
been instrumental in the increased 
interest of electronic engineers in 
medical applications. 

DAVID G. KILPATRICK 
General Atronics Corporation 
Bala Cynwyd, Pa. 

Figure 1 (p 67) shows at left an 
electrical analog of the heart's nat-
ural pacemaker, as visualized by 
Mr. Kilpatrick. At right are elec-
trocardiagrams showing the effect 
of the Medtronic Corporation's 
Cardiac Pacemaker. 
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New facilities for magnetrons enable 
you to get the economies of volume production in products designed to 

your specifications. For example, on one improved magnetron tuner as-

sembly, life expectancy increased from 2,000 to 750,000 cycles; rpm 

limit raised from 400 to 2,000 rpm; manufacturing costs of assembly 

reduced by more than 65%. For more information on the full line of 

Westinghouse magnetrons—and on cost-reducing manufacturing facili-

ties, please write on Company letterhead to: Westinghouse Electric Corp., 

Elmira, N.Y. You can be sure . .. if it's Westinghouse. 

Leading Westinghouse magnetron types include: 
WL-7111: 8500-9600 MC, 230 KW peak, 230 W average. Designed for airborne radar and missile 
seeker applications. 

WL-6249B: 8500-9600 MC, 250 KW peak, 250 W average. Designed for maximum performance 
in airborne radar. 

WX-4529: 4200-4400 MC, 1W CW, designed for AM modulated communications, radar or altimeter 
systems. 

WL-7008: 8500-9600 MC, 230 KW peak, 230 W average—designed for severe environmental 
radar applications. 

WL-7794: 4200-4400 MC, 5W CW—a lightweight, high-average power magnetron for AM communi-
cations, telemetering, and relay systems. 

Westinghouse 
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Highly Reliable 

HITACHI "SEMI-CONDUCTORS" 

2SA18 
2SA41 
2SA42 
2SA86 
2SA208 
2SA209 
2SA210 
2SB66 
2SB67 
2SB68 
2SB81 
2SB82 
2SC89 
2SC90 
2SC91 

For Industrial Use 

Switching Transistors and Diodes 

Hitachi semi-conductors provide the 

basis for the excellent capacity 

of the Hitachi Electronic Computer 
HITAC 103. 

)1111k 1 

.11111 

I. I'll 
à 

Back of II1TAC 103. 

1N34A 
1N35 
1N38A 
1N56A 
1N60 
1S77 
1S78 
1S79 
1S84 

• • 

ci,poin.. 

Cable Address "HITACHY" TOKYO 

• 
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SILICON NEWS from Dow Corning 

Need 1-0-0 Silicon? 
Specify float zoned crystals 
for these three reasons... 

100 

80 

60 

You will find Dow Corning Hyper-Pure 
(1 0 0) crystals provide a number of definite 
advantages over Czochralski pulled crystals 
with (1 0 0) orientation. 

More Uniform Dimensions. With Dow 
Corning vacuum float-zoned (1 0 0) crystals, 
you get more than twice the useable length of 
the usual Czochralski crystal . . better than 
50% more than the best premitim Czochralski 
crystal. Physical profile is far more uniform, 
so wafers have more consistent physical dimen-
sions. Result: crystals that are easier to process 
. . . less waste. 

More Uniform Parameters. Lateral and ra-
dial parameters are more uniform throughout 
the entire length of Dow Corning vacuum float-
zoned (1 0 0) crystals. Typical resistivity 
curves show float-zoned crystals vary less from 
end to end—and the ends are up to three times 
further apart. This consistent quality — plus 
uniformity from rod to rod — means fewer 
rejects . . . increased device yield. 

Ease of Handling. For the clean cleavage 
and nearly waste-free handling of (1 0 0) 
oriented silicon crystals, plus the advantages of 
uniform dimensions and uniform parameters, 
specify Dow Corning crystals. Greater length 
means less chance for contamination, less 
waste and easier handling in scribing and 
scoring wafers. 

Whatever your need — float-zoned crystals of 
(1 0 0) orientation; crystals of (1 1 1) ori-
entation; doped to specification or high resis-
tivity rod; polycrystalline rod or prepackaged 
one-piece crucible charges — Dow Corning 
should lead your list of sources. 
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10 15 20 

CENTIMETERS FROM SEED END 

25 30 

Length: 50 mm to 250 mm 
(approx. 2" to 12") 

Diameter: 12 mm to 20 mm 
(.5" to .79") 

Diameter 
Variation: 

less than 1 mm 
(.040") 

Type: P or N 

Resistivity: 1 to greater 
than 1000 

Fur frUl. inn tun — "Hypes-Pure Silicon for Semiconductor Devices" write Dept. 4222. 

October 20, 1961 

COIAl crriIrig CORPORATION 

HYPER - PURE SILICON DIVISION • HEMLOCK, MICHIGAN 
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FOR Simple carrier reinsertion 

TRANSMISSION 
MEASUREMENT 

Sierra Model 125B-CR Frequency Selective Voltmeter 

Monitoring of single-sideband carrier telephony signals 
is simple with self-contained crystal oscillators for carrier 

reinsertion in the Model 125B-CR Frequency Selective 
Voltmeter. Continuous tuning 3 to 620 kc, the 125B-CR is also 

a flat ac VTVM, 1 to 620 kc. 

Direct-reading frequency, continuously tunable. Virtual 
elimination of spurious responses. Variable selectivity —250, 

2,500 cps, each 3 db down. Accuracy db, — 80 to - 32 dbm 
(as flat VTVM, dbm, — 20 to +32 dbm), ideal for 

measuring carrier levels. Self-contained crystal oscillator 
for both frequency and level calibration 

in this 
Frequency 
Selective 
Voltmeter 

• ACCURATE, 

SENSITIVE, 

• VERSATILE 

SPECIFICATIONS common to selective operation of the 

Sierra Model 125A, popular general purpose modtl 
Sierra Model 125B-CR, with internal crystal oscillators for easy carrier reinsertion 

Sierra Model 125B-Y, incorporating special 20-pin connector for carrier 
rack fast patch 

Range 

Selectivity Frequency A ccuraFrequencycy Measuring 
Accuracy 

Lin 7oIrmdrireedcatnce 

reading in dbm 3 db down 45 db down Low End High End 

3-620 kc *125 cps 

+1250 cps 

+500 cps 

-±-5 kc 

+1 kc +2 kc +1 db Bal. or unbal. 135 
& 600 1.?; bridging 
input impedance, 
20 k ,.l nominal. 

The Sierra Model 158A Frequency Selective Voltmeter operates f om 500 kc to 10 mc 
selectivity +2000 cps 3 db down, +20 kc 45 db down; frequency accuracy +0.056 mc 
low end, +0.08 mc high end; measuring accuracy ±-.2 db; line impedance for direct 
reading in dbm, unbalanced 600 ohms. 

Three flexible 
models in the 
convenient 
Sierra 125 
series of 
Frequency 
Selective 
Voltmeters 

Rapid location of faults on cables, transmission lines! 

Sierra Model 124A Line Fault Analyzer; Instantly pinpoints shorts, opens, grounds, indicates 
nature of fault, plus exact location. Easy to use, operates on "radar" principles; operates 
on most metallic power and communication lines, direct reading 1/2 to 100 miles, 
accuracy within 1/4  mile. 

Write or call Sierra today for complete data on these and other instruments for 
communications application. Data subject to change without notice. 

SIERRA ELECTRONIC CORPORATION 
A Division of Philco Corporation S ierra 7308A BOHANNON DRIVE • DAVENPORT 6-2060 • AREA CODE 415 • MENLO PARK, CALIF., U. S. A. 

Sales representatives in all major areas 
Canada: Atlas Instrument Corporation. Ltd., Montreal, Ottawa, Toronto, Vancouver 

Export: Frazar & Hansen, Ltd., an Francisco 73,9 
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ELECTRONICS NEWSLETTER 
B-52 and X-15 May Launch Space Probe 

CAN AIRCRAFT be substituted for the first stages of space probe boost-
sters ? Such a method could sharply reduce costs of space experi-

ments—and money now spent for 

ground-support gear. 
Aeronutronic, a Ford Motor di-

vision, and North American Avia-
tion are proposing to the Air Force 
that the first two stages of the Blue 
Scout system be replaced by a B-52 
and an X-15. The B-52 would 
launch X-15, which would launch 
Blue Scout's third and fourth 
stages. 
The companies say this would 

save two-thirds the cost of each 
Blue Scout orbital space shot, ap-
proximately $500,000. Savings on 
deep space and shallow space probes 
would run about 50 percent. 

Blue Scouts have carried many 
scientific experiments into space. 
Latest mission is to orbit a simula-
tion package to test the worldwide 
tracking and communications net-
work before our first manned or-
bital flight. 

Protect Patents, NEC 
Speaker Warns Industry 

ACTION AGAINST potential govern-
ment takeover of electronic patents 
was proposed at the National Elec-
tronics Conference's closing lunch-
eon by Robert W. Galvin, Motorola 
president. "Government appropria-
tion of patents strikes at the very 
root strength of this industry," he 
said. 
He charged that pending legisla-

tion for government ownership of 
patents arising from research for 
the U. S. would stifle industrial 
initiative. 
Owning patents, the government 

could in extreme cases shift produc-
tion to depressed areas, reassign 
workers or order an engineer to 
move with his patent, Galvin pre-
dicted. 
At the closing session, Adm. 

(Ret.) Rauson Bennett, of San-
gamo, warned "pay for at least part 
of your R&D or become extinct". 
Government support, he said, could 
cost important patents. 

Panelists agreed that Chicago 

first stage instrumentation and 

area electronics companies and edu-
cational institutions should cooper-
ate to counter the flight of research-
ers to other areas. Research must 
be stepped up if the area is to re-
main competitive within the next 
five to ten years, they said. 

WEMA Worried About 
Pending Wage Hike 

AFL-CIO RECOMMENDATION to raise 
the industry's minimum wage to 
$1.72 would be disastrous to many 
West Coast firms, says William 
Miller, Western Electronics Manu-
facturers Association's Los Angeles 
chairman. 

Just back from Washington, he 
expects the Secretary of Labor to 
set a figure between $1.50 and $1.70 
later this month. "There is little 
we can do at this time to combat 
this," he said, "but we can file 
briefs and request a regional hear-
ing after the decision." 
Recent WEMA survey showed 

minimum wage in the west ranges 
from $1.31 to $1.80 and averages 
$1.55. Miller fears many small con-
tractors paying less would go out 
of business. Prime contractors will 

buy less if wages and prices go up, 
he believes. This could lead to 
higher prices to the government, 
he said. 

Holes in Copper Sheet 
Code Twister Memory 

MEMORY MODULE developed by Au-
tomatic Electric for future tele-
communications systems uses the 
twistor principle for semiperma-
nent storage. Twistor elements are 
enclosed in a "virtual solenoid" 
made of a copper sheet and printed-
circuit conductor. 
When an eddy current is created 

by pulsing the conductor, flux den-
sity disturbs twistor elements. 
Punching a hole in the copper sheet 
at a particular bit location makes 
the flux density too weak to disturb 
that twistor element. Storage at 
any given one or zero-bit location 
is governed by the hole pattern on 
solenoids plugged into the module. 
The array is a 16-plane stack. 

Each plane has eight words of 60 
bits. For noise reduction, each 
twistor is paired with a plain cop-
per wire to form a transmission 
pair. Solenoids are placed at right 
angles to the pairs. Each intersec-
tion is a bit and all bits along a 
solenoid form a word. 

Sonar Telemetry to 
Probe Ocean Depths 

SEA TESTS for the first of Bendix-
Pacific's deep sea probes, combining 
telemetry and sonar techniques, are 

Military to Change Procurement Rules 
PENTAGON IS EXPECTED to overhaul the Armed Services Procure-
ment Regulations shortly to spur contractors into assumption of 
higher risks for greater profits. New policies will reportedly: 

(1) Use more cost-plus-incentive-fee contracts on development 
and early production projects and less cost-plus-fixed-fee awards. 

(2) Use less price redetermination clauses in fixed-price con-
tracts. 

(3) Move major projects more rapidly into fixed-price incen-
tive-type contracts. 

(4) Provide a wider fee range in cost-reimbursement con-
tracts. 

(5) Allow contractors a larger share of savings on incentive 
contracts. 

October 20, 1961 11 



scheduled for late this month. First 
probe is designed to operate at 
2,000-foot depth. Second, using 
pressurized components, will go to 
10,000 ft. 
The probes will continuously con-

vert oceanographic data to f-m/f-m 
sound waves for acoustical trans-
mission to surface receivers. Sys-
tem operates on IRIG channels 
from 10.5 Kc to 52.5 Kc. 

Bendix says the system can 
transmit human voice. Ranges go 
up to five miles with one-percent 
accuracy. Follow-on models are be-
ing designed for undersea biomedi-
cal studies, underwater weapons 
research and oil exploration. 

Want Space-Tracking 
Radar on the Equator 
AIR FORCE is proposing to DOD con-
struction of advanced radar and 
optical systems for equatorial de-
tection and tracking of satellites. 
Since satellites cross the equator 
twice every orbit, systems would 
either be placed at the equator with 
extensive fan-out, or would back off 
the equator and look at it con-
stantly. Military will need phased-
array techniques for large-volume 
coverage radar that can scan as 
well as track without prohibitive 
power requirements. 

Electro-Optical Systems 
Study Missile Reentry 
HYPERVELOCITY range instrumenta-
tion, to study simulated missile re-
entry, is being developed by Perkin-
Elmer under Army contract. One 
goal is techniques for complete in-
frared scan of a projectile in one 
microsecond. 
One instrument recently deliv-

ered will record behavior of projec-
tiles fired into ballistic tunnels. 
Multiplier-phototube system meas-
ures radiation of self-luminous 
projectiles. Infrared modules and 
supporting instrumentation will be 
delivered later this year. 

New Materials Extend 
Laser Frequency Range 
LASER OPERATION in the photograph-
able infrared region, 10,600 A, has 
been obtained with a neodymium in 
calcium tungstate crystal. At room 

temperature, input power is as lit-
tle as five joules, reported F. F. 
Johnson and K. Nassau at a Bell 
Telephone Laboratories symposium 
last week. 

In two other experiments, the 
second reported at NEC, blue fluo-
rescence was obtained by focusing 
red beams on crystals. W. Kaiser 
and C. G. B. Garrett used a crystal 
of calcium fluoride containing di-
valent europium (CaF,:Eu'). The 
mechanism is explained as a two-
quantum process in which an atom 
in a material is made to absorb two 
quanta, or photons, of energy si-
multaneously. 

R. J. Collins and J. Giordmane 
used a potassium dihydrogen phos-
phate crystal. Red beam at 6,934 A 
gave a coherent blue harmonic at 
3,472 A. Efficiency is 10'. 

Semiconductor Device 
Has Multiple Control 

IBM REPORTS development of an ex-
perimental semiconductor device 
that performs at higher voltages 
than transistors and has character-
istics similar to a vacuum tube. 
Called a Chargistor, it can be as-
sembled with multi-control ele-
ments which act like grids to con-
trol current flow. 
The device has operated at 200 

volts with greater than 1-Mc fre-
quency response. Triode working 
model has a conducting channel of 
high-resistivity germanium. It has 
three junctions, a p-type charger, 
n-type feeder and p-type gate. 
Adding or taking away positive or 
negative charges in the channel al-
ters or controls the current. 

Measuring Instruments 
Use Laser Principle 

OPTICS and Metrology division of 
Keuffel & Esser Co. reports it has 
developed a series of laser measur-
ing instruments designed to pro-
mote research and practical use of 
laser amplification in measurement. 

Possible applications include op-
tical interferometry, checking of 
plano-parallel plates, optical wedge 
calibration for measurement of 
laser alignment, measuring indices 
of refraction and photographing 
photoelectric phenomena. 

In Brief • • • 

MATHEMATICAL MODELS of counter-
measures will be set up by Sperry 
Gyroscope in study aimed at 
helping U. S. ICBM's penetrate 
enemy radar defenses. 

YARDNEY ELECTRIC is in pilot pro-
duction on hermetically sealed re-
chargeable silver-cadmium but-
ton cells. Modules will have 
capacities of one to six ampere-
hours. 

LEAR joins General Precision team 
developing Navy system to corre-
late and display antisubmarine 
warfare data. Lear will do initial 
research on display. 

GENERAL ELECTRIC gets over $31 
million in Air Force communica-
tions equipment contracts. In-
cluded are tactical air weapons 
warning and control system and 
work at three Titan missile 
bases. 

TERRAIN AVOIDANCE computers for 
IBM's B-52 bomb-nay system will 
be produced by Autonetics under 
$12.5 million contract. 

ARMY awards $8 million contract 
to Aeronutronic for continued de-
velopment of Shillelagh missile 
system. 

KOLLSMAN INSTRUMENT has a new 
$1.9 million contract for auto-
matic astro compasses, currently 
used on B-52 and B-58 bombers. 

GENERAL DYNAMICS is buying $1.5 
million in air transportable Army 
area communications systems 
from Adler Electronics. 

SEISMIC RESEARCH and analysis for 
Air Force will be performed by 
United Electrodynamics under 
five contracts totaling $475,000. 
Work is part of nuclear explosion 
detection program. 

COLLINS RADIO Will modify Army's 
AN/TRC-80 portable troposcat-
ter communications terminal for 
$475,000. 

MAXSON ELECTRONICS announces 
Navy contract of $445,000 for 
Talos missile adapter kits. 

FEDERAL AVIATION AGENCY orders 70 
VOR systems from Televiso 
Corp., for $2.1 million. 
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New Development 

" et in Connectors!  

11 

NO SOLDERING 

NO WIRING 

NO HOLE DRILLING 

The Becon Printed Circuit Connector is a unique 
improvement in the electrical and mechanical con-
nection of printed circuit boards. It is designed to 
eliminate connector wiring, soldering, and drilling 
the board for pins. CI This new design uses two 
major components ... a Diallyl Phthalate me-
chanical body ... and fixture heat treated electri-
cal connectors of gold plated Beryllium Copper. 
The mechanical body also serves as a receptacle 
for the electrical connectors. D In use, the spring 
action of the Beryllium Copper electrical con-
nectors exert force against the pick up points on 
the printed circuit boards. A positive connection 
is made when the mechanical connector is fast-
ened to the boards. CI Write, wire or call today 
for additional data. Brown Engineering is an equal 
opportunity employer offering challenging oppor-
tunities to engineering personnel in the Space and 
Missile fields. Employment inquiries are invited. 

BECON B 
PRINTED CIRCUIT CONNECTOR 

a product of BROWN ENGINEERING COMPANY. INC. 

P.O. Drawer 917 
Huntsville, Alabama 

TWX-8552 
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I E-0 BARNSTEAD 

TRANSISTOR ' 

WASHERS 

>Five hot ultra-pure rinses 
do a thorough rinsing job. 

>
A few gallons of high-
purity rinse water do the 
work of thousands of 
gallons. 

>Heat recovery system 
built-in for maximum 
efficiency. 

Illustrated: Model TW-30 requires 
only 30" x 30" of floor space. Provides 
five ultra-pure hot water rinses. Final 
rinse water has an electrical resistance 
of about 18 million ohms (at 25° C.) 
and is free of organics and minute 
particles that can affect stability of 
transistors. 

MODEL TW-50 
Some semi-conductor manufacturers 
require a washer with a large capacity 
rinse chamber. The rinse chambers 
in this model measure 9" x 12" x 16" 
deep. Same model also supplied 
encased in stainless steel case. Larger 
rinse chambers on special order. 

PARTIAL LIST OF USERS 
Bell Telephone Labs 

New Jersey 

Radio Corp. of America 
New Jersey 

Deice Radio Division 
Indiana 

General Electric Co. 
New York 

Clevite Transistor 
Raytheon Mfg. Co. Products 

Massachusetts Massachusetts 

Sperry-Rand Corp. 
New York 

Texas Instruments 
Texas 

Western Electric 
Pennsylvania 

Westinghouse Electric 
Pennsylvania 

WRITE: for Bulletin #166 de-
scribing complete Barnstead line 
of Transistor Washers. 

Marristead 
STILL AND STERILIZER CO. 

84 Lanesville Terrace, Boston 31, Mass. 

WASHINGTON OUTLOOK 

HUGHES AIRCRAFT has unveiled details of its new Syncom (see 
sketch) communications satellite. Four of the small, 55-lb, two-
voice-channel test satellites have already been ordered by the 
National Aeronautics and Space Administration under a $4-mil-
lion contract, with the first of the satellites due for orbiting by 
fall of 1962. 

Later models of Syncom will have 300 voice channels or one 
tv channel. Hughes predicts total cost for .a worldwide net of 
three stationary satellites along the equator would be no more 
than some $3 million. 

FUTURE OF UHF TELECASTING is being shaped as the FCC-sponsored 
experimental New York station, WUHF, begins trial operations. 
Most FCC commissioners believe that uhf must be revived if the 
U. S. is to have a competitive tv system and if future demands 
for commercial and educational tv channels are to be met. 

Uhf's plight is dire. There are 1,319 commercial uhf spots 
available, but only 79 stations are operating. Half of these are 
in trouble, and 99 uhf stations have already failed. On the other 
hand, out of 556 available vhf stations, 456 are operating, with 
practically all openings snapped up in centers of population. 

PRICE OF SILVER, an increasingly important metal for electronics, is 
bound to go up—it's just a matter of time. Producers have put 
considerable pressure on Treasury Department to stop selling 
silver or hike its price from 91 cents per ounce. Even if treasury 
does not stop selling its dwindling hoard of free silver right 
away, the silver will run out almost automatically and the price 
will have to go up well over the $1 mark. 

Silver is now being used primarily as an industrial com-
modity. The electronics industry takes a big chunk of the 
U. S. 100-million-ounce industrial silver consumption pie. 
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  ace-master 
provides 

ice the 
finition 

- 

- 

errs.s. 

The unique direct-carbon-transfer writing method 

produces a trace from 2 to 3 times finer than any other 

direct-writing technique. This allows twice as many 

lines per millimeter .... twice the definition! Resolu-

tion is unsurpassed ... each line is uniform in width and 

contrast, revealing the most minute variations in the 

phenomena measured with utmost fidelity. This writing 

technique combined with the advanced pen-motor 

design produces a wider frequency response at larger 

amplitudes. •Continuous recording of data can be dis-
played simultaneously on 8 channels ... up to 8 inde-
pendent event markers can be added. Ten chart speeds 

0.1 to 500 mm/sec — provide a 5000:1 chart speed ratio. 

The AO Tracemaster has become the new standard of 

performance for these and many other reasons ... write 

now for the full story! 

•••;1,t- ill(' .1() I IZ \l ... plus other advanced. 

direct %riting recorder in-trumentation at. 

Booth 804. 

American 41 Optical 
COMPANY 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK' 



The Electronics and Control Engineers' Book Club 

helps you 

your success in engineering 

depend on having 

the right books? 

keep ahead in your field 

Start your membership with any 
of these selections: 

Transistor Electronics by 
D. DeWitt and A. L. Ross. 
off. Full coverage from ba-
sic fundamentals to de-
tailed mechanisms. 

Publisher's Price, $9.00 
Club Price, $7.65 

Electronic Digital Comput-
ers by C. Smith. What they 
are, how they function, and 
their underlying principles. 

Publisher's Price, $12.00 
Club Price, $10.25 

Control Engineers' Hand-
book by J. C. Truxal. A 
wealth of practical help on 
automatic feedback control 
systems. 

Publisher's Price, $18.50 
Club Price, $15.25 

Mathematics for Electron-
ics with Applications by H. 
M. Nodelman and F. W. 
Smith, Jr. Methods for 
solving practical problems. 

Publisher's Price, $7.00 
Club Price, $5.95 

Epoxy Resins by H. Lee 
and IC. Neville. Fully 
treats their modern apph-
cations and technology. 

Publisher's Price, $8.00 
Club Price, $6.80 

How to Become a Profes-
sional Engineer by J. 
D. Constance. Authoritative 
guidance applicable in all 
states. 

Publisher's Price, $5.50 
Club Price, $4.70 

Management for Engineers 
by R. C. Heimer, Practical 
know-how for the engineer-
manager, covering ever 
management area. 

Publisher's Price, $7.50 
Club Price, $6.40 

Your engineering career owes a great deal 

to books. Why not take advantage of this 

convenient, economical way to have the 

best professional books available when you 

need them? THE ELECTRONICS AND CONTROL 
ENGINE I RS' BOOK Cum brings you the es-
sential technical literature in your field. It 

also helps you overcome today's high cost 

of building a professional library by saving 
you an average of 15% from publisher's 
prices. 

How the Club Operates. Eight times a 

year you receive free of charge The Elec-
tronics and Control Engineers' Book Bul-
letin. This gives complete advance notice 
of the next main selection, as well as many 
alternate selections. If you want the main 

selection you do nothing; the book will be 

mailed to you. If you want an alternate se-

lection—or no book at all for that period— 

you can notify the Club by returning the 

convenient card enclosed with each Bulle-
tin. 

Saves You Money and the Bother of Shop-
ping. You agree only to the purchase of 
three books in a year. Certainly out of the 

large number of books in your field offered 

in any twelve months there are at least 

three you would buy anyway. By joining 

the Club you save both money and the 

trouble of shopping. 

Send No Money Now. Just check the book 
you want as your first selection on the 

coupon below. With it you will be sent 

Electronic Designers' Handbook for only 

one dollar. Take advantage of this offer 

and receive two books for less than the 

regular price of one. 

• • . at a savings 

ACCEPT THIS 

$16.50 BOOK 

FOR _Sp, 
ONLY 

with membership in 

The Electronics and 

Control Engineers' 

Book Club 

ELECTRONIC DESIGNERS' HANDBOOK 

By R. W. Landre. D. C. Davis. 
and A. P. Albrecht 

Provides fundamentals and data to help you 
in the design of all types of electronic equip-
ment. A large number of the circuits used in 
many different applications are covered, to-
gether with theoretical and technical discus-
sions and explanations, design examples to 
show application of theory, and graphical and 
tabular data needed in day-to-day design work. 

Electronic Designers' Handbook is typical of 
the selections of THE ELECTRONICS AND CON-
TROL ENGINEERS' BOOR CLUB. All books are 
chosen by qualified editors and consultants. 
Their thoroughgoing understanding of the 
standards and values of the literature in your 
field guarantees the authoritativeness of the 
selections. 

{ u NOTE: If you already own this 
volume. you muy substitute any 
other book on this page as your 
DOLLAR book. Cheek two books 
below and you will receive the 
higher priced select lon for only 
41.00. 

CLIP AND MAIL THIS COUPON TODAY 
The Electronics and Control Engineers' Book Club, Dept. L-10-20 
330 West 42nd Street, New York 36, N. Y. 
Plea.se enroll me as a member of The Electronics and rontrol Engi-
neers' Book Club. You will bill me for my first selection indicated 
at right at the special club price and $1 for Electronic Designers' 
Handbook, plus few cents delivery costs. (The Club assumes this 
charge on prepaid orders.) Forthcoming selections mill be described 
in advance and I may decline any book. I need take only 2 selec-
tions nr alternates in 12 months of membership. (Thls offer 1100d 
in U. S. only.) 

PLEASE PRINT 

Name   

Address   

Ciiy  Zeno  State  

Cour puny   

NO RISK GUARANTEE: 

Send as my first selection: 

1:1 Transistor Electronics. $7.65 
O Electronic Digital Computers. $10.25 

0 Control Engineers' Handbook $15.75 

• Mathematics for Electronics with Ap-

plications. $5.95 

• Epoxy Resins, $6.80 
12 How to Become a Professional Engi-

neer. $1.70 

1:1 Management for Engineers. $6.10 

It not completely satisfied, you may return your first shipment within 111 rho ,-
and your membership will be canceled. L-10-2n 
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in direct writing recording systems 

only Brush 
designs 

_ specifically for mil specs 
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From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 

That's why they are performing every imaginable task of data acquisition and 
recording at U. S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability .... from the Operations Monitor 
that will record 120 separate operations at the instant they occur . . . to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 

Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 

!crush IN sTruumENTs 
37TH AND PERKINS 

DIVISION OF 

CLEVIrrE 
  0 ONO 

CLEVELAND 14. OHIO 



l ee for MINIATURIZED coaxial cables... ' remember Synkote 

'Where space conservation is a major problem. SYNKOTEe miniature coaxial cables provide the engineer 

with a practical solution. Insulated with either Polyethylene or Teflon*, these miniature cables have the 
same impedance characteristics as standard types. Rigidly manufactured and tested in various impedance 

ranges, flexible from —65° C to 1-250 C. An important component 

for aircraft, rockets, guided missiles, computors, plant and labora-
tory instrument hook-ups. Write for detailed information today. iiiimmemiummi - CORPORATION 

TRADf MAR', 42-61 24TH STREET LONG ISLANO CITY 1, N. Y./ ST 6-6200 
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e STILL OPERATIVE! 
TI GROWN-JUNCTION TRANSISTORS in satellite sur-
vive torture treatment: The satellite fell from atop a missile 
carrier and bounced across a launching pad into a LOX- and 
kerosene-lilled ditch. The fuel in the ditch ignited and the satellite 
burned for several hours. Result —TI transistors are still operative... 
dramatic proof of the high reliability of TI units under estreme conditions. 

Here's Long-term Proof 
of TI Grown-Junction Transistor Reliability 

e Only Texas Instruments offers life-test data 
from lots that have been continuously on operating 
life test for over five years — showing an extremely 
low average failure rate of less than 5 x 10 -6. More 
than six-million life-test hours give you the industry's 
greatest source of reliability data for predicting TI 
transistor performance. 

• Successful applications in thousands of circuits 
over the years testify to the consistent reliability 
of these TI units. 

• Independent Quality and Reliability Assurance 
department augments TI's own production and testing 
know-how... independently measuring device reliability 
at every manufacturing stage. Approximately one-million 
life-test hours monthly offer continuous verification of TI 
grown-junction reliability. 

TRANSISTOR 

PRODUCTS 

DIVISION 

J10 TEXAS INSTRUMENTS 
INCORPORATED 

• Low cost of TI grown-junction transistors is made 
possible through industry's wide acceptance and usage 
of these units in many applications, enabling TI to 
provide fast, cost-saving production in large quantities. 
Added savings in time and money too, through one-
source purchasing from TI's complete line of military 
and industrial grown-junction types. 

Take advantage of the predictable reliability of 
these devices in your low frequency and switching de-
signs. Call your local TI sales office or TI distributor now 
for immediate delivery in sample or production quantities. 

Write on your company letter-
head for TI grown-junction 
reliability data, application 
notes, data sheets or engineer-
ing assistance. 

transistor 
ruabIIe 

date 

our-4'ov nu 

l8594 

I 

13500 N. CENTRAL EXPRESSWAY 
P. 0. BOX 5012 • DALLAS 22, TEXAS 



AMPERITE 
Thermostatic DELAY RELAYS 

Only a glass seal 
offers true hermetic sealing 
.. assuring maximum stability and life! 

Delays: 2 to 180 seconds ... Actuated by a heater, 
they operate on A.C., D.C., or Pulsating Current . .. Being hermetically 
sealed, they are not affected by altitude, moisture, or climate changes 
. . . SPST only—normally open or normally closed ... Compensated for 
ambient temperature changes from —55° to +80° C. . . . Heaters 
consume approximately 2 W. and may be operated continuously . .. The 
units are rugged, explosion-proof, long-lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin Miniature ... List Price, $4.00. 
Also — Amperite Differential Relays: Used for automatic overload, 
under-voltage or under-current protection. 

PROBLEM? Send for Bulletin No. TR-81 

AMPERITE 
BALLAST REGULATORS 

20 

1 1 0 N1014. 

10 
VOLTAGE or 24V 

BATTERY 6 CHARGER 
VARIES APPROX 

50% 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

2% 
Hermetically sealed, they are not affected by changes in altitude, 

ambient temperature (-50 ° to +70 ° C.), or humidity ... Rugged, 
light, compact, most inexpensive   List Price, $3.00. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE 
561 Broadway, New York 12, N. Y.... CAnal 6-1446 

In Canada. Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 

Bring Your DIODE 

Data UP TO DATE 

Send for a Set Now! 

Germanium diode specs 
and "quick-find" listings 
to 10-char. All MIL-S-
19500B gold bonded 
types (Bulletin 158). 

ea 

Interchange Stock listings 
ability tables of fifty popu-
match popu• lar types for 
lar germant- immediate 
urn diodes of delivery; sev-
24 makers— eral hundred 
American and others, 10 
foreign (Bul- days (Bulletin 
letin 1002). 164). 

HMITE 
OHM ITE Manufacturing Company 

3610 HOWARD STREET, SKOKIE, ILLINOIS 

READER •••••••••••,••  GURGLE ZUU ON  btKVIlt CARD 

INSULATION 
Engineering • Production 

Noo"-- Materials 
\e"... Components 
N./ Equipment 

High Voltage Breakdown 
111TOT Test Sets malt outputs from 5 kv to 
150 kv and up. Test sire, cables, transform-
ers, motors and components to ASTM and 
Federal specifications. Write for manual. 

Insulation Resistance 
VIBROTEST Megohmmeters have direct read-
ing nines to FIVE MILLION Megohms. Self-
contained electronic power supply eliminates 
cranking and !meting. Write for manual. 

Insulation Materials Tester 
iitxtures for tape, plastic Interchangeable test  

sheet, film, tubing, porcelain, cloth and var-
nishes. Models provide 35 kv and up for test. 

Insulating Oils Tester 
Dielectric strength testing of insulating liquids 
to ASTM specifications. Rapid, simplified 
operation. Automatic rate of rise control 
optional. 

Arc Resistance Tester 
Tests ability of insulating materials to resist 
arcing in accord with ASTM and Federal Model 4505 HYPOT Oil 
specifications. Complete with electrode asaem- Tester provides 0-35 Irc 
bly and specimen holder. at 2 kva. 

Write for Manual J-67 

TESTING 
• Maintenance 

10-35.21 

Mobile HYPOT for test-
ing heavy duty electrical 
equipment 

Model 4501 HYPOT Mate-
rials Tester. Meets D-149 
etc., ASTM specifications. 

ASSOCIATED RESEARC H, 
"Elerre.col T..fing Intrrunnenrs S.nte 1936' cP4C619,MeZeled 

3781 W. Belmont Avenue • Chicago 18, Illinois 
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N Eifif! 
4 MAJOR DIGITAL VOLTMETER 

ADVANCEMENTS FROM NLS 

Now Make 15,000 Highly Accurate 

DC Measurements Sec... Measure 

VDC- Ratio - Ohms to Full 5 Digits 

...Buy a Quality DVM or Ohmmeter 

for .91,460 Use,Digital Voltmeters 

in Go No-Go Testing 

• 

MO1'Et 15 4/11 CONVERTER 

454A VOLTMETER-RATIOMETER 

Tag Line: The blue tag indicate: that these new morleh are 
"off-the-sher imtrument.s. Call your nearest NLS nffirr 

t,. demonstrator., in action today or take delirery on your 
?10 instrument within 1040 rhup. Price, are F.O.B. (tech-
n in r.s..t. 

u 

Kn 8 0 6 9 o 
e 

MODE,. 0141T*1. 011MMVE11 

1 
784 C CMNIMETER 

4er 

a. 
• u 

0.41. 
RM. MIMI. 

MODEL 548 DIGITAL COMPARATOR 

MODEL 15 A/ D CONVERTER — 4-digit instrument bringing high 
accuracy to high-speed measuring and data logging . . . 15,000 
measurements/sec . . . accuracy: -±-0.01% -± 1 digit from 0 to 
full scale from 0 to 40°C . . . any range from -±-1 to ±100 v. 
full scale ... true bipolar digital output, high output current, 
uses internal or external clock . . . constant input impedance. 
Price: $6,985. 

M25 5-DIGIT VOLT-RATIO-OHMMETER —ultra-reliable instrument 
measuring DC volts, DC ratio and ohms with full 5-digit resolu-
tion of 0.001% and accuracy of ±0.01% of reading ±-. 1 digit over 
entire range of -±0.0001 to ±-999.99 v. and .1 ohm to 1 meg. 
10 to 1000 meg input z ... twice speed of fastest stepping switch 
DVNIs . . . advanced transistor circuitry with ultra-reliable mer-
cury relays with 171 years life expectancy . . . input filter . . . 
remotely programmable . . . fully automatic . . . data logging 
output . . . AC or low-level DC with accessories. Price: $5,685 

484A DIGITAL VOLTMETER-RATIOMETER — most versatile and 
highest quality instrument at low cost . . . measures ±0.001 to 
±-999.9 VDC and DC ratio up to ±-99.99% . . . ±-0.01% accuracy 
. . . 10 meg input . . . auto range and polarity . . . input filter 
. . . built-in auto print control . . only a few dollars more than 
cheapest DVMs without such quality features as plug-in step-
ping switches that can be replaced in seconds for troubleshoot-
ing, snap-out readout, wire-wound resistors, epoxy fiberglass 
circuit boards . . . measures AC or low-level DC with accessories. 
Price: $1,460. 

784 DIGITAL OHMMETER— for precise measuring and logging at 
low cost . . . same high quality features as 484A ... measures 0.1 
ohm to 10 megs with accuracy of ±0.05% -±- 1 digit (±0.1% of 
reading above 5 megs) . . . auto ranging and auto control for 
data logging. Price: $1,460. 

MODELS 54, 54A, 55, 55A DIGITAL COMPARATORS — for go/no-go 
testing, plug these into any NLS instrument having printer con-
nection . . . limits set by BCD coded voltages, contact closures, 
or front panel knobs . . . each limit can be on any range and of 
either + or — polarity . . . signals TOO HIGH, TOO LOW, or 
OK to recording and control devices. Price. $2,035 to $2,935. 

Originator of the Digital Voltmeter 

non-linear systems, inc. 
DEL MAR, CALIFORNIA 
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.. Audio, Video, VHF 

Sweep: Frequency Response 
of Headsets — e.g., 
300 cps to 3,000 cps 
on a 5 cps sweep 

Sweep: TV Receivers — e.g., 
170 to 220 mc at a 60 cps 

"Line" Rate 

Complete VERSATILITY. 

liciwLigna-Sweep sky® 
All -Electron 

C ik SWEEPING ATOR 
9 3 5 - B 

50 CPS TO 220 MC IN 12 BANDS • WIDE RANGE OF SWEEP WIDTHS 
VARIABLE REP RATES • MANUAL AND AUTOMATIC OPERATION 

• Single wide-sweep video displays from 10 mc down to 1 kc. 

• Linear and logarithmic sweeps of 0.2 cps to 30 cps; or 
sweep locked to line frequency. 

• Audio Sweep of 50 cps to 20,000 cps. 

• 8 fixed, narrow-band video frequency sweeps for repetitive 
operations. 

• Fundamental frequency 10 mc to 220 mc (widths to 30 mc 
plus). 

• High-level output of 1 V rms into 70 ohms. AGC'd to ± 0.5 
db over widest sweep. 

• Manually-operated control for varying oscillator frequency. 

• Fixed pulse-type markers or variable marker provision. 

Price: $1295.00 F.O.B., Factory ($1425.00 F.A.S., New York). 

Check Video Bandpass — 
e.g., 1 kc to 10 mc at 

1 cps rate 

Sweep: or Count Frequency 
Response of High "GU Filters 

e.g.. 14.9 kc to 15.1 kc 
at a 0.5 cps rate 

The wide frequency range, extensive choice of sweep 
widths and repetition rates make the Kay Ligna-Sweep 
SKV a most useful sweeping oscillator. 
For high frequency work, the unit provides 9 sweep 

bands, operating at fundamental frequencies for wide, 
stable sweeps from 10 to 220 mc. At the low end of the 
spectrum, an audio frequency sweep from 50 to 20,000 
cps is provided. High order stability permits frequency 
sweeps to as low as 50 cps. 
For checking high-Q circuits and low-frequency 

response characteristics, either log or linear sweeps at 
variable rep rates down to 0.2 cps are available. This 
wide choice of sweep rates (continuous to 30 cycles, 
and fixed line lock ) makes it easy to select that 
highest rep rate which gives both an accurate response 
display and easiest, brightest viewing on the scope 
screen. With the manual frequency control, the trace 
on the scope screen may be held and examined in detail, 
(counted precisely, measured on a VTVM) at any 
frequency point on the scope display. 

Check Radar IF's — 
e.g., 25 to 35 mc at 

30 cps 

Check Audio Bandpass — 
e.g., 50 cps to 20 kc at 

1 cps Log Sweep 

Write for 

Catalog Information MAW IVIIP11141, Complete ELECTRIC CO 
DEPT E-10 MAPLE AVENUE, PINE BROOK, N. J.. CAPITAL 6-4000 
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An 8 _Fold Improvement 
In Stereo Controls 

1. High Stability SURETRAK* Elements—the first 
inherently stable carbon composition elements. Less than 3% resist-
ance change from 20°C to 105°C . . . less than 7% change under 
95% RH for 240 hours at 40°C ... negligible change with age and 
mechanical wear. Excellent load life at 70°C. 

law 

Here's the kind of variable resistor performance 
that pays off in greater circuit design freedom 

11. . in continued customer satisfaction. Thanks 
to their new high stability SURETRAIC ele-
ments, these new Stackpole single-shaft dual 

controls stay within initially close tolerances 

throughout years of use or disuse — and with 
minimum derating. 

To learn more about this basic advance in 
variable resistors for stereo, ask your local 

Stackpole sales engineer about Type LST 
(bushing mount) or Type LST-T (twist-tab 

mount), or write: Electronic Components Div., 
Stackpole Carbon Co., St. Marys, Pa. 

2. Controlled Characteristics assure that whatever 
; resistance changes do occur will be of similar magnitude and 

/  direction in both front and rear SURETRAK elements. 

3. Automatic Element Matching for maximum uniformity 
between front and rear elements. 

4. Zero Backlash between shaft and both sections. 

5. Precise Mechanical Assembly assures uniform elec-
trical and mechanical performance. 

6. Velvety Smooth "Feel" available if desired for 
professional quality stereo equipment. 

7. Tailored Attenuation —Linear over all or only a 
portion of the attenuation curve as needed. 

8. Precision to Fit Any Budget — Degree of tracking 
limited only by price considerations .. . as close as V2 db track-

ing now possible. 

'Trademark 

mckpoLE VARIABLE composition RESISTORS 

COLDITE 70+B FIXED COMPOSITION RESISTORS • SLIDE AND SNAP SWITCHES • CERAMAGe FERRITE CORES • FIXED 
COMPOSITION CAPACITORS • CERAMAGNET* CERAMIC MAGNETS • BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT 
ELECTRICAL CONTACTS • GRAPHITE BEARINGS, SEAL RINGS. ANODES • HUNDREDS OF RELATED CARBON AND GRAPHITE PRODUCTS 
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Short Range A-M Radar Can Guide Vehicles 

System convertible to landing altimeter is among new aerospace 

and navigational equipment to be reported at conference 

TRANS 
ANT. KLYSTRON 

TRANS 

HAMPLITUDE 
DET 

REC 
ANT.   

AMPLITUDE 
MOD 

CRYSTAL 
OSC 4 MC 

SO LAW 
DEI 

TUNED 
AMPL 4 MC 

X TAL OSC 
4,002 KC 

MIXER AND 
AMPL 2 KC 

AGC 
AMPL 

MIXER AND 
AMPL 2 KC 

PHASE 
METER 
2 KC 

RANGE 

I PHASE 
REF 

Radar's phase meter reading indicates range. Experimental a-m set has 
given six-inch ranging accuracy at distances to 60 feet 

NEXT WEEK at the IRE East Coast 
Conference on Aerospace and Navi-
gational Electronics, in Baltimore, 
most speakers will report on air-
craft and space equipment, or de-
sign of components and support 
equipment. 

Four of the twelve sessions will 
be devoted to classified papers on 
military electronics topics like anti-
jamming communications, counter-
measures, realtime data processing, 
aerospace command and control. 

In this context, one of the most 
unusual reports describes what the 
authors call "an extremely simple 
method of radar". O. K. Nilssen 
and W. D. Boyer, of Ford Motor 
Co., have built an experimental a-m 
radar set with a range of zero to 
60 ft. Its maximum ranging error 

is about six inches. 
The radar set was designed as an 

obstacle sensor for land vehicles. 
But it can be applied to other cases 
in which target echo is stronger 
than direct leakage signal between 
transmitter and receiver. It could 
be used as a landing altimeter for 
aircraft, for example. 

Operation of the set is illustrated 
by the block diagram. The 2-Kc i-f 
signal, obtained by heterodyning 

the 4,000-Kc output with a 4,002-Kc 
signal, is used as a phase reference. 
The remainder of the receiver pro-
duces a second 2-Kc signal, which 
is also applied to the phasemeter. 
Phasemeter reading gives a direct 
measure of range. At a 4-Mc modu-
lation frequency, each foot of range 
corresponds to 2.93 degrees. The 
2-Kc signal is created because it is 
easier to process than a 4-Mc signal. 
The antennas are two 12-in para-

bolic reflectors spaced two feet 
apart and three feet above ground. 
Radar boresight error effects on 

high-accuracy tracking radars have 
been reported extensively. Less at-
tention has been paid the effects of 
obstacles such as structures near 
ground or ship-based radar an-
tennas. John Callahan and Leo 
Topper, of Sperry Gyroscope, who 
have made a study of malfunctions 
caused by such obstacles, are to re-
port on procedures for overcoming 
obstacle effects. 

F. W. Ellersick, of IBM, will pre-
sent several data compactor designs 
for spaceborne pcm telemetry sys-
tems. The designs are based on 
simple circuits and use state-of-
the art equipment. 
The reaction of forces used to 

control aerodynamic surfaces in 
aerospace vehicles set up parasitic 
feedback loops in control systems. 
G. S. Axelby and W. B. Lloyd, of 
Westinghouse Air Arm, say these 

loops can be overcome by a modifi-
cation of the power actuator, known 
as pressure derivative feedback. 

Bendix Radio has developed a 
squelch system for vhf receivers. 
The circuit, reported by J. M. 

Junction combines all-around impedance match with complete isolation at 
the three ports. Signal can be split into three components 

24 
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Tewksbury, allows a narrow pass 
band in the squelch channel, giving 
the system a high degree of im-
munity from noise. A double super-
heterodyne reflex process converts 
any carrier in the pass-band to one 
specific crystal-controlled fre-
quency. Converted to an audio tone, 
this signal produces a voltage 
which activates the receiver audio 
amplifier. 
Work on unusual configurations 

for microwave structures will be 
described by R. S. Potter, of the 
Naval Research Laboratory. NRL 
has previously reported designs of 
seven-port, trimode turnstile junc-

tions for waveguide. 
Next week, Potter will talk about 

trimode turnstile junctions which 
have three symmetrically-distrib-
uted rectangular ports (see sketch). 
Either of these junctions are 
matched in impedance from all pos-
sible viewpoints and show complete 
isolation among the three rectangu-
lar ports. 

"This unusual type of isolation is 
completely new to the microwave 
field," Potter says, "and holds prom-
ise of many new applications." 

In an experimental model, im-
pedance matches among the rec-
tangular ports were obtained by ad-

justing insertion depth of the 
coaxial inner and outer conductors. 
Mismatch of the circular port was 
corrected by adding an inductive 
iris to it. 
The junction can be used, Potter 

reports, to measure definitive fea-
tures of an arbitrary incident polar-
ization on a three-component basis. 
Since the coaxial junction may 
permit local oscillator injection 
through the coaxial port, polariza-
tion features would be available at 
i-f in the outputs of three linear 
crystal mixers connected to the rec-
tangular ports, without crosstalk 
among the mixers. 

Computer Control of Communications 
By LAURENCE D. SHERGALIS, 

Associate Editor 

UTICA, N. Y.—Incorporating com-
puters in communications systems, 
to effect adaptive control, is one 
way to get the most use out of the 
system. Adaptive control can pro-
vide economical operation despite 
numerous uncontrolled system vari-
ables. 
This argument for computer-com-

munications systems was presented 
by R. F. Filipowsky and F. H. 
Krantz, of IBM, at the Seventh Na-
tional Communications Symposium 
this month. After analyzing vari-
ables, they suggested methods to 
minimize their effects by adaptive 
control. 

Variables include source vari-
ables, such as type of information 
and its flow, and tolerable delay; 
circuit variables, including transfer 
function, nonlinear distortions and 
noise, and network variables like 
traffic load and distribution, and de-
lay balance. 

It has been customary to design 
for worst-case conditions, resulting 
in high cost per message. A better 
way, according to Filipowsky and 
Krantz, is to use special purpose 
computers in a network-wide, time-
sharing, integrated operation which 
would make adaptive control eco-
nomical. 
The figure shows a general model 

for adaptive control. R might be 
message length; Y, message block 
length selected; X, total number of 
binary elements, and Z represents 

MEMORY 
EXPERIENC 

CORRELATION 

ANALYZER OPTIMIZER 

CRITERIA 

INSTRUCTION 

ANALYSIS 
REQUEST 

x-z 
ANALYZER 

2ND GENERATION t OBSERVED 
PERFORMANCE 

y CONTROL VARIABLE1 ST GENERATION 

ROUTINE CONTROL 

UNCONTROLLED 
VARIABLE 

STATISTICAL SENSORS 

DESIRED PERFORMANCE 

First generation adaptive control system provides routine control of com-
munications network; second generation corrects for more variables 

x STATE VARIABLE 

desired system performance. 
In the first generation system, 

only routine control operations and 
some statistical sensors would be 
provided. It might minimize effect 
of varying message lengths. A sec-
ond generation system would per-
form a detailed analysis of vari-
ables and compute optimum 
message-handling procedures. 

In a general discussion of satel-
lite communications, R. G. Sage-
man, of AT&T, explained prepara-
tions being made for experimental 
trials next spring. The satellite re-
lay will carry one tv circuit with a 
2.5-Mc bandwidth and 60 two-way 
telephone circuits. 
Within three or four years, 

AT&T foresees a 30-satellite system 
in 7,000-mile-high polar orbits. 
Eventually, 50 to 60 relays will link 
all parts of the world. 

Several papers examined station-
ary satellite systems (see p 26). 

S. G. Lutz and D. E. Miller, of 
Hughes, reviewed interference 
problems that might arise from 
various proposed orbits. Satellites 
might easily interfere with each 
other. High-altitude equatorial sat-
ellites could cause intolerable inter-
ference problems if they are not 
adequately spaced. Even at low alti-
tude, there would be considerable 
interference at equatorial stations. 

Lutz and Miller pointed out that 
at 22,300 miles, message delay 
would be about 0.6 seconds. They 
suggested that such satellites not 
be used for telephony. At 6,000 
miles orbital altitude, delay would 
be 0.2 second. W. A. Runge, of ITT, 
investigated this delay problem. He 
said telephone users would hear an 
echo of their voice. But a study 
showed a delay of 0.6 seconds would 
be acceptable to most users when 
echo intensity is reduced to 25 db 
below the input speech level. 
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Synchronous Satellite System 

Outlined at Space Conference 
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At 22,300-mile altitude, satellite goes into synchronous orbit, maintaining 
a fixed position relative to stations on earth 

OPERATIONAL CONCEPT of a high-
capacity, intercontinental micro-
wave communications system based 
on synchronous satellites was the 
topic of one of the many electronics-
oriented papers presented last week 
at the American Rocket Society 
Convention in New York. Others 
discussed developments in space 
communications, telemetry, infor-
mation retrieval and plasma. 
The case for synchronous satel-

lites was presented by E. A. Laport 
and S. Metzger, of United Aircraft. 
One or more repeater satellites in 
fixed position relative to earth 
would allow users to locate ground 
stations at sites most convenient to 
the users. Moving satellite stations, 
they said, are less convenient be-
cause interstation connection pat-
terns constantly change. 

Satellites can be orbited in a fixed 
position relative to the equator by 
lofting them to an altitude of 22,300 
miles. Army has such a project un-
derway, called Advent. 

Laport and Metzger said a prac-
tical system should have at least 
1,000 duplex telephone channels. 
Geographic coverage would be all 
points on earth from which the 
satellite has an unrefracted eleva-
tion of five degrees or more. Earth 
stations would all use a single 
standard system frequency trans-
mitted from a master control sta-

tion. Each station's messages would 
be sorted out by use of single-side-
band suppressed carriers. Ssb fre-
quencies would be interleaved to 
form a substantially continuous 
band of frequencies. 
Such a system, the authors say, 

would be flexible enough for future 
intercontinental communications. It 
could be used for all types of traffic, 
including television. Privacy and 
speech interpolation techniques 
could be employed. Although the 
height of the satellite would intro-
duce a transmission delay of 0.55 
second, it would also minimize 
doppler shifts. 

Feasibility and need for com-
munications satellites was under-
scored by K. G. McKay, of Bell 

Simplest circuit (A) is the most 
reliable when packaged to prevent 
wide fluctuations in transistor junc-
tion temperature 

Two satellites (solid lines) or three 
communications coverage for most 

Telephone Laboratories. He pointed 
out that transatlantic traffic is in-
creasing 18 percent a year. In 1980, 
at this rate, 4,000 voice channels 
will be needed. Present and planned 
cable facilities will be less than 
400 channels in 1965. 

Discussing economic factors, Mc-
Kay divided these into launching 
costs—the biggest expense—manu-
facturing and replacement. Con-
sidering tradeoffs, a component re-
liability rate lower than 10 per 10° 
hours is needed and can be achieved. 
Thomas M. Conrad, of Flight 

Electronics, examined basic con-
cepts of simplicity for reliability. 
He used as examples telemetry for a 
biological satellite. Circuit redun-
dancy tempts a designer to use 
modules. However convenient this 
is, Conrad indicated, too many 
modules can compound size and re-
liability problems. 
A better approach, he suggested, 

is to concentrate on circuit sim-
plicity. For example, 50 simple 
audio amplifiers may be required. 
Of three alternatives, A (see 
sketch) is the simplest, but is ther-
mally unstable. B is better, but its 
higher power dissipation creates 
temperature problems with tight 
packaging. C has excellent stability, 
but is significantly larger. 

His solution was to use circuit 
A, placing all capacitors in a cord-
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satellites (dotted lines) would give 
points on earth 

wood structure. Painted resistors 
and uncased or microsize tran-
sistors are placed on thin wafers. 
The entire structure is potted in 
aluminum-filled epoxy and placed on 
a Peltier cold plate to limit tran-
sistor junction temperatures to a 
small range. 

H. S. Glick, of Cornell Aeronauti-
cal Laboratory, described a hyper-
sonic shock tunnel six feet in diam-
eter. It was built to help solve 
problems uncovered by research on 
the interaction of electromagnetic 
waves with the plasma sheath 
around high-velocity vehicles. 
Studies include communications 
blackouts, location of reentering 
ICBM warheads, microwave meth-
ods of discriminating between war-
heads and decoys, and antenna de-
sign for hypersonic gliders. 

D. G. Elliott, of Cal Tech's Jet 
Propulsion Laboratory, proposed 
that a liquid metal conductor be 
used in magnetohydrodynamic gen-
erators. He said this would give 
high plasma temperatures needed 
for a lightweight electric power 
system. The metal, heated in a nu-
clear reactor, is mixed with the 
vapor of the working fluid. The 
metal is separated from the vapor— 
which goes on to the MHD gen-
erator—and is recirculated. Esti-
mated weight of a 500-Kw power-
plant is 3,500 lb. 

What does 989°F look like? 
One° more than 988. And CEC's Platinum Resistance Temperature 

Transducer (4-501) knows the difference. Measuring precise tempera-

tures from 0° to 1000°F, it's as new as today's weather. Its special 

features include all-weld, stainless steel construction, fast response 
—less than 100 milliseconds, and strain-free ceramic core mount. 

Need one? Call your CEC office or write for Bulletin CEC 4501-X2. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
PASADENA. CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 
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TWO OUTSTANDING 

HIGH-TEMPERATURE 
- 

FOR CONTINUOUS OPERATION AT 

HOTTEST SPOT TEMPERATURES 

UP TO 

FOR CONTINUOUS OPERATION AT 

HOTTEST SPOT TEMPERATURES 

UP TO 

For continuous operation at hot-
test spot temperatures up to 
200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 
CEROC is Sprague's recom-

mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482°F) and 
up to 300°C (572°F) for short 
periods of time. Ceroc has a 
flexible ceramic base insulation 
with either single silicone or 
single or heavy Teflon overlays. 
The ceramic base stops "cut-
through" sometimes found in 
windings of all-fluorocarbon 
wire. Both Tetroc and Ceroc 
magnet wires provide extreme-
ly high space factors. 

Write for Engineering Bulle-
tins 405 (Tetroc Wires)and 
400A (Ceroc Wires). 

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

SPRQGUE® 
THE MARK OF RELIABILITY 

Microcomputer Solves Single 

Engineer points to folded printed 
circuit boards 

MINIATURIZED COMPUTER has been 

developed by the Burroughs Corp. 

No larger than a loaf of bread, the 

small single purpose computer has 

some 5,500 components housed in 

a space measuring 3 x 6 x 11 

inches. Component density is 69,-

000 parts per cubic foot and total 

weight is 12 pounds. Burroughs 

hopes to interest the military in 

the new computer. 

Called Maddam (for Macro-

module and Digital Differential 

Analyzer Machine), the baby com-

puter can perform 33,000 mathe-

matical calculations per second. 

Built by scientists at company lab-

oratories in Paoli, Pa., the com-

puter uses only off-the-shelf elec-

Component-carrying chips wrap 
around heat exchanger 

tronic components. 

Aimed primarily for the military 

market, Burroughs says its com-

puter is ideal for single-purpose 

problems requiring high speed solu-

tion. One such example would be 

in solving target chase-and-catch 

problems from an airplane, space-

craft or missile. The equipment also 

lends itself readily to navigation 

and control. 

Maddam is described as a 16-in-

tegrator serial computer capable 

of providing solutions to the in-

tegral-differential class of equa-

tions. A digital equivalent of an 

analog computer, Maddam solves 

differential equations. Each of 

Maddam's 16 integrators is de-

Desk Top Computer Trains Military Personnel 

Univac's new small binary computer can be used for problem solving, but 
is primarily designed for training military personnel in computer mainte-
nance, design, programming and data processing. Console permits operator 
intervention and all logical circuitry and test points are accessible. Intro-
ductory training courses have been given instructors at the Naval Academy 
and Keesler Air Force Base, Miss. 
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(Adver isement) 

Problems 
signed to represent a set of differ-
ent differential equations. Maddam 
solves its equations serially rather 
than in parallel. 
To dissipate heat, modules have 

a finned heat exchanger as a cen-
tral element in a row of triangular 
chips. Measuring only some three-
eighths inch thick and roughly the 
height of a half dollar, the chips 
plug into a folding printed circuit 
board. 

Additional compactness is ob-
tained by wrapping the circuit 
board around the heat exchanger. 
Two such rows of chips, some three 
inches square and ten inches long, 
contain the circuitry, logic, memory 
and other working parts of the com-
puter. 
The company says that compact-

ness of the design speeds operation 
of the computer. A signal will flow 
in 25 nanoseconds through a logic 
chain of seven AND OR gates and 
two saturated cascaded inverters. 

AP Will Use Computers 
To Transmit Stock Data 

THE ASSOCIATED PRESS will install 
a computer-based system to tabu-
late and transmit stock market 
tables to AP members. The data-
processing system, developed by 
IBM, will handle stock data from 
four major exchanges, the New 
York, American and Midwest Stock 
Exchanges and the New York Bond 
Exchange. 
Transmission of stock tables will 

follow the stock ticker by 15 sec-
onds. Tapes will be read by two 
paper tape readers. Data will be 
converted to machine code, stored 
and processed so that daily changes 
and highs and lows are transmitted 
line by line in newspaper format. 
Data will be transmitted three 

times daily for the Midwest Ex-
change and seven times daily for 
the other three exchanges. Stock 
table tapes will be prepared at a 
rate of 4,500 words a minute. 
Newspapers can receive the infor-
mation in code, for automatic line-
casting machines, or in regular 
form for conventional typesetting. 
The system is scheduled to go 

into operation by the end of 1962. 

Solid-Electrolyte 
Tantalex® Capacitors 
Now Available in 
Non-polarized Design 

The Sprague Electric Company, a 
pioneer in the development of solid-
electrolyte tantalum capacitors, has 
announced the availability of Type 
151D non-polar Tan talex Capacitors. 
The famous Type 150D polarized 

capacitor, outstanding for miniature 
size, excellent performance charac-
teristics, and reliable service life, is 
now joined by the non-polarized 
Type 151D, which consists basically 
of two hermetically-sealed, metal-
clad polarized sections, with their 
cathodes connected back-to-back 
and enclosed within an outer metal 
tube. This results in a single homo-
geneous capacitor insofar as out-
ward appearance is concerned.Where 
required, supplementary insulating 
sleeve of polyester film is applied. 

Non-polarized Type 151D Capac-
itors are useful in many new appli-
cations, such as phase-splitting in 
small low-voltage motors, in servo 
systems, in low-frequency tuned cir-
cuits, in crossover networks, and in 
bypass applications where high ripple 
voltages are encountered. 

Unmatched experience in this 
field has enabled Sprague to estab-
lish the largest and most complete 
production facilities in the capacitor 
industry. Producing more solid-
electrolyte tantalum capacitors than 
all other supplies combined, the 
Sprague Electric Company offers, in 
addition to reliability of product, 
reliability of source of supply. K* 

For complete technical data on 
Type 151D Capacitors, write for 
Engineering Bulletin 3521 to Tech-
nical Literature Section, Sprague 
Electric Company, 35 Marshall 
Street, North Adams, Massachusetts. 
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LARGE 
VALUES OF 
CAPACITANCE 
IN SMALL PHYSICAL SIZE! 

Sprague offers two series of "block-

buster" electrolytic capacitors for use in 

digital power supplies and allied applica-
tions requiring extremely large values of 

capacitance. 

Type 36D Powerlytice Capacitors pack 
the highest capacitance values available 
in their case sizes. Intended for operation 

at temperatures to 65 C, maximum capac-

itance values range from 150,000 'IF at 

3 volts to 1000 bif at 450 volts. 

Where 85 C operation is a factor, 
Sprague offers the Type 32D Compulytice 

Series, the ultimate in reliable long-life 

electrolytics for digital service. These re-
markably trouble-free units have maxi-

mum capacitance values ranging from 
130,000 µF at 2.5 volts to 630 sF at 

450 volts. 

Both 32D and 360 Capacitors have low 
equivalent series resistance and low leak-

age currents, as well as excellent shelf 
life and high ripple current capability. 

If you'd like complete technical data 
on Type 36D units, write for Engineering 

Bulletin 3431. For the full story on the 

"blue ribbon" Type 32D Series, write for 

Engineering Bulletin 3441B to the Tech-

nical Literature Section, Sprague Electric 

Company, 35 Marshall Street, North 

Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 
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Routes of AT&T cables linking 
U.S. with Europe and western isles 

OSAN 

WIDEMOUTH BAY 

PENMARCH 

Beryllium-copper alloy housing for 
submarine repeater amplifiers 

Two-Way Talk on New Atlantic Cables 

WORK STARTS next month on the 

first of three undersea telephone 

cables that will handle two-way 

traffic simultaneously. The cables 

will add 5,600 nautical miles to a 

system now taxed with some four 
million calls annually. 
The lines will be using a new 

type of repeater amplifier developed 

by Bell Telephone Laboratories. Op-

erating over a 1-Mc band, they am-
plify signals in two directions over 

a single cable. The repeaters will 

be spaced at 20-mile intervals. 

Protective covering for the re-
peater amplifiers has been devel-

oped jointly by Bell Labs and the 
Beryllium Corporation. Built of 
beryllium-copper alloy, the thin-

walled enclosures can withstand 

continuous pressure of 12,000 psi. 

Operations will be started in mid-

November by American Telephone 
and Telegraph on an 80-channel 

system between the U. S. and Ber-

muda. The cable will be 750 nauti-

cal miles long. 
Early next year, work will begin 

on a cable between Florida City, 

Fla., and Jamaica, B.W.I. This ca-

ble will be 850 nautical miles long 

and will handle 128 voice channels. 

The longest cable—running 

about 4,000 nautical miles between 

Manahawkin, N. J., and Widemouth 

Bay, England—will also have 128 

voice channels. It will be the first 

such direct connection between the 

two continents, AT&T says. 

All three cables are to be com-

pleted by 1963. In addition, plans 
are to link the U. S. mainland with 
Hawaii and Hawaii with Japan by 

1964. 
The Hawaii-Japan cable will run 

5,500 miles, by way of Midway, 

Wake and Guam Islands. AT&T 

will operate portions of the cable 
jointly with Kokusai Denshin 

Denwa Co. Ltd., of Japan. A Fed-
eral Communications Commission 

announcement of its authorization 

said the Hawaii-Japan cable later 

will connect with a submarine tele-

phone cable between Canada, New 

Zealand and Australia, to be con-

structed by those countries. 

Army Installs Pocket 
Air Defense Systems 

ARMY IS INSTALLING $500,000 air 

defense coordination systems at 19 

locations, most of them cities of 

about 600,000 population. One of 

the Birdies (for Battery Integra-
tion and Radar Display Equipment) 

is in use at Turner Air Base, near 

Albany, Ga. Other locations will not 

be announced until installations are 

completed, within seven months. 

The systems are being built by 
Martin's Orlando, Fla., plant at a 

cost of about $500,000 each. Martin 

so far has some $1,136,000 in Birdie 
contracts. 

"Leadership in 

semiconductors" 

FOR TECHNICAL ASSISTANCE AND SERVICE 
CONTACT THE TRANSITRON FIELD OFFICE 
NEAREST YOU AS LISTED BELOW. 

BALTIMORE, Maryland 
2319 Maryland Ave  CHesapeake 3-3220 
BOSTON, Massachusetts 
168-182 Albion St. 
Wakefield, Mass 245-5640 
CAMDEN, New Jersey 
Terrace Office, Park View Apts. 
Collingswood 6, N. 1 ULysses 4-7082 

WAInut 2-3664 
CHICAGO, Illinois 
6641 W. North Ave. 
Oak Park, Ill  Village 8-5556 
CLEVELAND, Ohio 
14625 Detroit Ave. 
Lakewood, Ohio ACademy 1-9191 
DALLAS, Texas 
511 Braniff Airways Bldg. 
Dallas 35, Texas Fleetwood 7-9448 
DAYTON, Ohio 
379 W. First St  BAldwin 4-9651 
DENVER, Colorado 
First National Bank Bldg. 
621 Seventeenth St. AComa 2-1686 
DETROIT, Michigan 
2842 West Grand Blvd  875-2440 
KANSAS CITY, Missouri 

Wirtham Bldg. 
31st and Troost Sts  VAlentine 1-1819 
LOS ANGELES, California 
6362 Hollywood Blvd. 
Hollywood 28, Calif. H011yi,vood 2-2381 
NEWARK, New Jersey 
1060 Broad St MArket 3-3151 
ORLANDO, Florida 
1,10 Jacklind Bldg. 
205 E. Jackson St. CHerry 1-4526 
PHOENIX, Arizona 
2727 North Central Ave CRestwood 7-3366 
sr. PAUL, Minnesota 
Griggs-Midway Bldg. 
1821 University Ave. Midway 6-1891 
SAN DIEGO, California 
3620 30th St CYpress 7-3708 
SAN FRANCISCO, California 
535 Middlefield Rd. 
Palo Alto, Calif. DAvenport 1-2964 
SEATTLE, Washington 
3466 East Marginal Way South MAin 4-0783 
SYRACUSE, New York 
2360 James St  HOward 3-4502 
WINSTON-SALEM, North Carolina 
Nissen Building 
310 W. Fourth St  PArk 3-0363 
CANADIAN SALES: 

Transitron Electronic Corporation of Canada Ltd. 
Toronto and Montreal 

Tra nsitron 
electronic corporation n 
waketield, maseachusette 

seheemas ia principal cities throughout the U.S.A. & Europe 
cable iglOresg: ¡calco 
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First to introduce the REF-AMP, Transitron, a 5-year pioneer in the 
development of packaged semiconductor assemblies, is pleased 
to announce the broad expansion of its Special Products Service 
Department. In response to the increasing demand for packaged 
assemblies, Transitron offers the electronic industry a growing line 
of standard assemblies as well as a highly versatile and flexible 
custom design service. 

MULTIPLE 
SEMICONDUCTOR ASSEMBLIES 
An extension of standard assembly 
techniques has resulted in the pack-
aging of a number of devices in the 
same space normally occupied by one 
standard transistor package. Transi• 
tron's compact packaging features 
electrical isolation, close thermal 
proximity between junctions, match-
ing of specific electrical specifications, 
and reduction of external connections. 
Three typical Transitron Multiple 
Assemblies are: 

DIODE BRIDGE 

BOTTOM VIEW 

B 

COMPLEMENTARY PAIR 

BOTTOM VIEW 

WELDED CIRCUIT PACKAGES Transitron custom-assembles and en-
capsulates any variety of three-dimensional circuit configurations 
of conventional, miniature or micro-miniature components. Utiliza-
tion of advanced production processes, including precision weld-
ing, assures strong, uniform joints and results in high packing den-
sity, light weight and high structural reliability. Typical custom-
made packages are: 

FLIP-FLOP 13.4 
A general purpose flip-flop module 
capable of counting at speeds of 3-5MC 
and operating as a logic element at bit 
rates in excess of 2Mc. 

(Tentative Data) 
Frequency in excess of 3Mc 
Supply Voltage 12 Volts DC ±30% 
Power Dissipation (typical) 150mW 
Clock Rate in excess of 2Mc 
Maximum Load 1.9C2 

LOW LEVEL AMPLIFIER 
Gives high input impedance and low 
noise performance with a voltage gain 
of approximately 20. 

(Tentative Data) 
Input Impedance 5001(12 
Output Impedance 3Kit 
Voltage Gain 20 
Equivalent Input Noise Voltage 5iAl 
Voltage Supply +18 Volts 
Band width DC to 100Kc 

3 to 5 WATT AUDIO AMPLIFIER 
Contains a stable gain push-pull am-
plifier circuit capable of up to 5 Watts. 

(Tentative Data) 
Voltage Supply 18 Volts 
Maximum Input Voltage 1 Volt p.p. 
from 3K1?. source resistance 

Maximum Linear Output (Push-Pull) 
3 Watts (20 1-? load) 

Band width 20-20,000 cps 

Bo 

VIDEO AMPLIFIER DOUBLET 
Utilizes a stable gain circuit giving a broad flat band width and rela-
tively low noise operation. 

(Tentative Data) 
Band width 

20 cps to 7Mc 
Voltage Supply 
22 Volts 

DIFFERENTIAL INPUT PAIR 

AC 

BOTTOM VIEW 

AC 

Current Gain of approximately 20 per 
doublet 

Equivalent Input Noise Current over 
entire band width is typically less 
than 0.02A RMS 

_ 

PACKAGED REFERENCE ASSEMBLIES 
A further diversification of Transitron's packaged assembly 
program has produced two new additions to the firm's broad 
standard line of quality silicon references ... 
Selecting from among its most reliable and stable units, in-
cluding devices used in the Minuteman missile, Transitron 
combines for the first time both temperature-compensation 
and close tolerances in a double anode packaged reference 
assembly. Further efforts have also produced a low current 
reference assembly which offers precision tolerance reference 
voltages (10 to 100 volts) in a package especially suited for 
high-density circuitry. 
For further information, ask for Transition's "Packaged 
Reference Assembly" bulletins. 

'Fro n§i-tron 
electronic corporation 
wakefield, melrose, boston, mass. 
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transistors 
diodes 

metifiers 
test all your 

semiconductoi 
with 

IlYNATRAN 
instruments 

A complete line of standard "off 
the shelf' instruments ... covering 
a wide range and variety of semi-

conductor device measurements. 

Custom designed and manufactured 
semiconductor instrumentation 

for both manual and automatic 
operation ... Dynatran's wealth of 

experience in this field can provide 
you -with an economical design 

and realistic delivery dates. 

Write for complete 
catalogue information. 

• —17,1111111111117---7— '"--

DY N AT RA N 

*Anoxia mouth* 
178 HERRICKS ROAD 
MINEOLA, NEW YORK 

Pioneer 1-.4141 
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MEETINGS AHEAD 

AERONAUTICAL & NAVIGATIONAL Elec., 
East Coast Conference, PGANE of 
IRE; Lord Baltimore Hotel, Baltimore, 
Md., Oct. 23-25. 

URSI-IRE, Fall Meeting, URSI, PGAP 
of IRE; Univ. of Texas Student Union 
Bldg., Austin, Texas, Oct. 23-25. 

NUCLEAR PROPULSION, Aero - Space, 
PGNE of IRE; Hotel Reviera, Las 
Vegas, Nev., Oct. 23-27. 

QUALITY CONTROL, American Society, 
ASQC; Sheraton Hotel, Philadelphia, 
Oct. 24-25. 

INDUSTRIAL ELECTRONICS Exposition, 
Electronic Representatives, Inc., De-
troit Artillery Armory; Detroit, Oct. 
24-26. 

COMPUTER APPLICATIONS Symp. Ar-
mour Research Foundation; Morrison 
Hotel, Chicago, Oct. 25-26. 

RELIABILITY ASSURANCE Techniques for 
Semiconductor Specifications, AIA, 
ASQC, EIA, IRC, JEDEC; Dept. of 
Interior Auditorium, Wash., D. C., Oct. 
25-26. 

BIOMEDICAL RESEARCH Symposium In-
strumentation Facilities, PGBME of 
IRE, AIEE, ISA, Univ. of Nebraska; 
Sheraton Fontenelle Hotel, Omaha, 
Nebraska, Oct. 26-27. 

ELECTRON DEVICES, PGED of IRE Sher-
aton Park Hotel, Washington, D. C., 
Oct. 26-28. 

AIR TRAFFIC CONTROL Assoc., ATCA; 
Deauville Hotel, Miami Beach, Florida, 
Oct. 30-31. 

RADIO FALL MEETING, EIA, IRE; Hotel 
Syracuse, Syracuse, New York, Oct. 
30-Nov. 1. 

DATA PROCESSING, Automatic Systems, 
Current Developments, Oct. 30-Nov. 3. 

HIGH MAGNETIC FIELDS, International 
Conf., Air Force Office of Scientific 
Research; Massachusetts Institute of 
Technology, Cambridge, Mass., Nov. 
1-4. 

INSTRUMENTATION Conf., Louisiana 
Polytechnic Institute, Campus, Ruston, 
Louisiana, Nov. 2-3. 

MAGNETICS, Non-Linear, AIEE, IRE; 
Statler Hilton Hotel, Los Angeles, 
Nov. 6-8. 

DOCUMENTATION, American Documen-
tation Inst. Annual, Advanced Re-
trieval Theory; Kresge Auditorium, 
MIT, and Hotel Somerset, Boston, 
Nov. 6-8. 

NEREM, Northeast Research & Engi-
neering Meeting, Commonwealth Ar-
mory and Somerset Hotel, Boston, 
Nov. 14-16. 

AEROSPACE Electrical Society, Pan 
Pacific Auditorium, Los Angeles, Nov. 
15-17. 

IRE International Convention, Coli-
seum & Waldorf Astoria Hotel, New 
York City, Mar. 26-29, 1962. 

WHAT DO THESE 
ITEMS HAVE 
IN COMMON? 

All are rushed to destinations 
by Delta Air Freight; get nation-
wide overnight right-to-the-door 
delivery. Thousands of commod-
ities speed daily with Delta de-
pendability. For your next ship-
ment, check how little by Delta 
— always faster, often cheaper. 

EXAMPLES, DOOR-TO-DOOR: 
100 lbs. Los Angeles to Canaveral $29.85 
200 lbs. New Orleans to New York $29.50 

A® 
rà E LTA 
the air line with the BIG JETS 
GENERAL OFFICES: ATLANTA, GEORGIA. 
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CENTRALABS 

20 VOLT 
ULTRIVIKAPS3 
Ceramic Capacitors for 
Semi-Conductor Circuits 

BEAT PAPER 
CAPACITORS 
3.WAYS ! 

D-6144 

1. 20V Ultra-Kaps® are smaller than paper units 
of equivalent capacity. 

CAPACITY 
MFD. 

.05 

.1 

.2 

ULTRA-KA PS® 
(diameter x thickness) 

.408" x .156" 

.590" x .156" 

.890" x .156" 

PAPERS 
(diameter x length) 

.468" x 1.0" 

.625" x 1.125' 

.625" x 1.688" 

2. Ultra-Kaps0 provide the utmost in reliability. 
They have excellent stability from —55°C to 85°C 
. . . and electrical failure is virtually unknown 
among the millions of them now in the field. 

3. Ultra-Kaps are easier to work with than paper 
capacitors. No axial leads! This construction feature 
greatly simplifies insertion into printed circuit 
boards. 

ACTUAL SIZE 

Ultra-Kaps0 also out-perform other ceramic capac-
itors, because of their more stable temperature 
coefficient and higher capacity for their size. For 
every low voltage application requiring high capac-
ities, high reliability and small size—use Centralab's 
20V Ultra-Kaps O. 

For additional technical information on these new 
units, write for Engineering Bulletin EP-1245. 

THE ELECTRONICS DIVISION OF GLOBE-UNION INC. 
9I4K EAST KEEFE AVENUE—MILWAUKEE 1, WISCONSIN 
In Canada: Centralab Canada Ltd., P. O. Box400, Ajax, Ontario 

ELECTRONIC SWITCHES • VARIABLE RESISTORS 

PACKAGED ELECTRONIC CIRCUITS 
CERAMIC CAPACITORS • ENGINEERED CERAMICS 
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THE MOST WELL BALANCED STOCK 
OF MICRO-DRILLS IN THE U.S.A. 

IN STOCK FOR IMMEDIATE DELIVERY 

TYPE 

Spirec Pivot Drills 

Flat Pivot Drills 

Spirec Pivot Drills 

Spirec Center Drills 

STYLE 

Right Hand 

Right Hand 

Left Hand 

Right Hand 

STOCK SIZES 

0.10mm to 3.00mm by 0.01mm increments 

0.04mm to 1.00mm by 0.01mm increments 

0.10mm to 1.00mm by 0.01mm increments 

0.10mm to 0.70mm by 0.05mm increments 

Other sizes and styles available on special request. 

PHINn known the world over as 
the symbol of the finest in micro-drills. Insist 
on them by name. Your best assurance of 
quality and precision. 

SEND FOR COMPLETE DRILL CIRCULAR 

LE1viLve, 
LOUIS LEVIN & SON, INC, 

3573 Hayden Ave., Dept. E • Culver City, California 

CIRCLE 205 ON READER SERVICE CARD 

_JKE ,EWELS 
... they radiate quality 

It's true! 

That's because Du-Co ceramics are produced by 
experienced personnel, equipped with modern 
machines and engineering methods to make 
quality a reality! Starting with the raw materials 
thru exhaustive test patterns and firing tech-
niques, the indelible stamp of perfection glistens 
from each dimensionally-accurate part! 

You see it ... feel it... when it's Du-Col 

Send for the new Du-Co 
catalog which shows how 
Quality is produced in tech-
nical ceramics . . . but on 
your letterhead—please! 

"Proud to Serve You" 

DU-CO CERAMICS CO. 
203 Mu .1 Street Saxonburg, Pa. 

IS YOUR 
ADVERTISING 

SELLING 
THE BIG 4 

Tough competition and smart 
selling demand that the electron-
ics man be reached and sold 
wherever you find him: Research, 
Design, Production, and Manage-
ment. Only electronics is edited to 
interest and influence all four key 
buyers. Put your advertising 
where it works hardest ... 

in electronics 
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reliability 
in 

volume ... 
CLEVITE TRANSISTOR 

WALTHAM, MASSACHUSETTS 



Effect of Transistor Design on Characteristics 

How to select 
power transistors 

by RICHARD F. MOREY, JR. 

Manager, Applications Engineering, Clevite Transistor 

Division of Clevite Corporation 

A basic understanding of the interrelationship of 

transistor design parameters facilitates selection of 

the most advantageous unit for a given application. 

Transistor characteristics depend upon each other. 
Consequently, a design change in the manufacture of a 
transistor directly affects a number of its electrical 
characteristics. 
As a guide to users of power transistors, several of the 

important design elements and the electrical character-
istics they influence have been summarized in chart 
form (fig. 1). 
The curves (figs. 2-5), show typical characteristics for 

two power transistors of quite different design. Clevite's 
2N1762, for example, is a 3 ampere unit having the 
following design parameters: Small junction area; high 
resistivity germanium; moderate germanium lifetime; 
average wafer thickness and no emitter doping. 

In contrast, Clevite's 2N1146C is a 15 ampere power 
transistor which has several quite different parameters 
based upon a higher current and power requirement; 
large junction area several times the size of the 3 ampere 
unit; identical base width and resistivity but longer 
germanium lifetime and thicker wafer plus aluminum 
doping to increase emitter efficiency. 

Working with the chart in figure 1 and the table, 
figure 6, we see that the comparative design elements of 
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DESIGN 
PARAMETER 

Addition 
of Emitter 
Doping 

Increase 
in Wafer 
Thickness 

Reduction 
in GE material 

lifetime 

Increase in 
GE material 
resistivity 

Reduction in 
Base Width 

Increase in 
Junction Area 

THERMAL 
RESISTANCE 

R, 
— — — — — decrease 

COLLECTOR 
LEAKAGE 
CURRENT 

Ice° 

— decrease increase increase — increase 

COLLECTOR 
BASE 
VOLTAGE 
Vce 

— — — increase — decrease 
slightly 

COLLECTOR 
EMITTER 
VOLTAGE 
VCE 

decrease — increase increase decrease decrease 
slightly 

D.C. CURRENT 
GAIN 
45 

increase — decrease — increase — 

LINEARITY 
OF 
hEE 

better — — — — better 

SATURATION 
VOLTAGE 
VCE ISAT) 

decrease decrease increase increase decrease decrease 

BETA CUTOFF 
FREQUENCY 
f.. 

decrease — increase — increase decrease 

PUNCH 
THROUGH VOLTAGE 

VPT 

_ —  decrease decrease — 

SECONDARY 
BREAKDOWN 

CURRENT  

I. 

increase increase — decrease — increase 

Figure 1. 

the two transistors result in the 15 ampere unit exhibiting: 
— lower thermal resistance and higher leakage currents 

because of its large junction area. 
— slightly lower collector to base voltage. 
— higher gain because of the emitter doping and higher 

lifetime. 
— very linear current gain out to high currents because 

of its large area and special emitter doping. 
— lower collector to emitter breakdown voltages 

because of its higher gain and lower collector to 
base voltage. 

— much lower saturation voltage and base input 
voltage because of its high gain and thicker wafer 
and larger area. 

— low common emitter frequency response because of 
its high gain and large area. 

Comparison of Characteristics — Two different designs 

2N1762 
Characteristic Typical Value 

3 Amp. Device 

2N1146C 
Typical Value Units 
15 Amp. Device 

Thermal Resistance 1.4 0.5 °C/watt 
Iceo at 100V at 85°C 3 15 mA 
Icio at 100V at 25°C 1 4 mA 
BVcso 130 120 Volts 
VcE00.1 70 50 Volts 
Current Gain at lc = 1 Amp. 60 220 
Current Gain at lc = 5 Amps. 15 140 
Current Gain at lc = 15 Amps. — 75 
Saturation Voltage at 3 Amps. 0.3 0.2 Volts 
Saturation Voltage at 15 Amps. — 0.4 Volts 
Saturation Resistance 100 26 Milliohms 
Frequency Cutoff at 1 Amp. 18 4 kc. 

Figure 6 

In order for circuit designers and users of power 
transistors to obtain the best combination of electrical 
characteristics, the requirements for the application must 
be well known and be matched to the transistors avail-
able on the market. Therefore, an elementary knowledge 
of the existing relationships between transistor character-
istics is a useful design tool. A tabular summary of 
characteristics for Clevite's complete line of power 
transistors is available. Ask for Bulletin 61-A. 

CT CLEVITE TRANSISTOR 
Waltham, Massachusetts 
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AERO-
DYNAMICS 

PRINCETON 

RADIATION 

IDKIES 

scientists and engineers in 
a unique role 
The frontiers of space science and technology are being expanded at 

Aerospace Corporation. The scientists and engineers of this organiza-

tion are the critical civilian link uniting government and the scientific-

industrial team developing space systems and advanced ballistic missiles. 

In this mission Aerospace Corporation provides advanced systems 

analysis and planning, theoretical and experimental research, initial 

systems engineering, initial technical direction and general technical 

supervision. Included in the latter are 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. Immediate 

assignments exist for those individuals highly skilled in these specialties 

and who are knowledgeable in inter-disciplinary problem solving. 

Men with advanced degrees are urged to contact Aerospace Corporation, 

Room 110, P.O. 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 
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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When should you use Mercury-Wetted Contact Relays? 

IF YOUR RELAYS 
MUST 
SWITCH UP TO 
100-I-IMES 
PER SECOND 

HAVE A LIFE! 
IN EXCESS OF 

A BILLION 
CYCLES 
BE COMPLETELY 
RELIABLE 
AND FREE FROM 
CONTACT BOUNCE 

THEN SPECIFY \ 

(P84. B MERCURY 
WETTED 
CONTACT RELAYS 



•01. 

• 

• 

P&B 
MERCURY-WETTED CONTACT 

RELAYS 
An unusual combination of advantages found only in 
mercury-wetted relays has led many design engineers to 
specify them for tough switching jobs. Here are but 3 
typical characteristics of our JM series: 

RELIABILITY. Sealed-in-glass mercury contacts are re-
newed with every operation. Won't pit or weld. Make or 
break is positive . . . every time. No bounce, no chatter. 
Signals ranging from a few micro amps to 5 amps are 
switched with singular consistency. 

LONG LIFE. Think in terms of billions of operations when 
considering JM series relays. Proper application, of course, 
is a requisite. 

SPEED. Operate time is just less than 3 milliseconds using 
2 watts of power. Release time is about 3.2 milliseconds. 
Thus, relays can be driven 100 times per second. 

If your project calls for exceptional relay performance, 
perhaps the answer lies in our JM Mercury-Wetted contact 
relay. 

JM SERIES ENGINEERING DATA 

Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection. 

Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All Form D.) 

Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 

Coil Resistance: 
2 to 58,000 ohms. _wog 

fee; 
More information? 

Write today for free catalogue. 
PA B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL. 

ELECTRONIC PARTS DISTRIBUTOR 

® POTTER & BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, 
PRINCETON, INDIANA • IN CANADA: POTTER & BRUMFIELD, 
DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 

--Meese. 
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Arnold 
SOLID STATE 
POWER 
SUPPLIES 
• small, lightweight, and 

regulated ... designed to 
meet MIL-E-5272B 

• 100% tested for reliability 
• Sine wave, square wave or 
DC outputs 

• Quick delivery on units below 

DC TO SINE WAVE Model KB (Stock Item) 

Input Voltage .  24-30 VDC 
Output Voltage: . . . . 115 VRMS 
Output Frequency: . . . 400 cps 

(other frequencies available) 
Output Power: . . . 50 volt-amps 
Frequency Regulation: 0.3% for 6 V 

line variations 
Harmonic Distortion (Total): 2% at 

specified load (4% max.) 
Size and Weight: . . 21/2 "x4"x2 1/2 " 

high; 26 oz. 

DC TO DC Model 591HC 

Input Voltage . . . 24-30 VDC 
Output Voltage Range from 6 VDC 

to 3500 VDC 
Output Power 60 watts (max.) 

regulated 
Regulation ±1.0% for 6 V line 

variations; 
±1.5% for 50% load 

variations 
Ripple . . . . . . 0.3% RMS 
Size and Weight . 3" OD x 33f6" high; 

22 oz. 

DC TO SQUARE WAVE Model 591ACB 

Input Voltage . . . . 24-30 VDC 
Output Voltage Range . 1.0 to 3500 

VRMS, square wave, 400 
cps (other frequencies 

available) 
Output Power   50 V. A. 
Regulation . Frequency and Voltage: 

-± 1.0% for 6 V line 
variations; ± 1.0% for 
50% load variations 

Size and Weight. . 3" OD x 3" high; 
19 oz. 

Constant frequency, voltage and output as battery 
discharges. Units withstand short circuit, reversed 
polarity and input voltage transients of 60 volts. 
Load power factors as low as 0.2 (lead or lag) 
may be applied. 

Literature with performance curves sent on request. 
Literature includes "easy to order" information— 
no need to write complicated specifications. 
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ARNOLD MAGNETICS CORP, 

6050 W. Jefferson Blvd., Los Angeles 16, Calif. CORPORATION 

VErmont 7-5313 946-C North Ave... Des Plaines, Ill. 
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HAMLIN 

electrical and 
electronic 
components 

ACTUAL SIZE ACTUAL SIZE 

MAGNETIC 
REED SWITCHES 

Operate in any posi-
tion — hermetically 
sealed — use in wet, 
dry, or "explosive" 
atmosphere. Not af-
fected by high or low 
temps. Compact, rapid 
cycling, long life. 

GRAVITY SENSING 
ELECTROLYTIC 
POTENTIOMETER 

Excellent for gyro. 
scope correction 
mechanisms. Not ma-
terially affected by 
vibrations. Keeps 
"hunting" to mini-
mum. Compact — ex-
tremely accurate. 

Specify HAMLIN 
for systems to indicate or inte-
grate functions of: RPM's thug 
circuits • TIME • MOTION • 
MEASUREMENT • TEMPERATURE 
• POSITION • SEQUENCE • FLOW 
• PRESSURE • LIQUID LEVEL 

MERCURY 
SWITCHES 
Many design ideas. Super-
sensitive—sealed against 
trouble. Select from huge 
variety of electrical and 
operating characteristics, 
contacts, lead and termi-
nal arrangements. Custom 
designs upon request. 

glitoo 

Specify HAMLIN 
if you manufacture: TEMP. or 
FLOW CONTROLS • IND. PROCESS 
CONTROLS • ALARM DEVICES • 
GYROSCOPIC INSTRUMENTS • 
AUTOMATION • ATOMIC POWER 
REACTORS • RELAYS 

SEND FOR BULLETIN 

MAL ILI r,t 
DEPT. EL • LAKE and GROVE STREETS 

CIRCLE 207 
• LAKE MILLS, WISCONSIN 
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ASSEMBLIES and COMPONENTS 

HERMETICALLY SEALED 
Short Runs or High Production 

A complete service . . providing the design, en-
closure, base, brackets and terminals. Assemble, 
wire and seal your components in an atmosphere 
of dry, inert gas . . or fabricate and supply all 
components. 

Evacuate enclosures by high vacuum system and 
thoroughly test for leaks by mass spectrometer. 
Meets all applicable MIL specifications. 

You are invited to send engineering information 
and samples of units to be hermetically sealed. 

New Manual . . FREE 

"Design Considerations 

for Hermetic Sealing 

. . Assemblies & Components." 

WRITE TODAY! 

E-103 



At Bell Telephone Laboratories, mathematician Sidney Darlington 

has contributed notably in developing the art of circuit analysis. 

... It is essentially a thing of the mind for it works through concepts, symbols and 

relationships .. . it helps man to analyze and synthesize the complex phenomena of the 

universe and himself .... it works in many ways to advance electrical communications: 

IT IS CALLED MATHEMATICS 

At Bell Telephone Laboratories mathe-
matics works powerfully to solve problems 
involving complex data. For example, engi-
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech-
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 

Intriguingly, too, the mathematical ap-
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter . . . disclosed a kind of wave trans-

mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control...led to a scientific technique for de-
termining how many circuits must be pro-
vided for good service without having costly 
equipment lie idle. 

In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula-
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. • 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



VITREOSIL 
PURE FUSED QUARTZ 
FOR USE IN PRODUCTION OF 
SEMI-CONDUCTOR METALS... 
Where you produce such metals as germa-
nium and silicon, VITREOSIL is ideal for use. 
For special requirements or special prob-
lems, write us your requirements. Now avail-
able Quartz to metal seals. See our ad in 
Chemical Engineering, Electronic Engineers 
Master & Electronic Designers' Catalogues. 

SPECTROSIL 
FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 
Unique Transmission characteristics 

PURITY—purest form of fused silica 

TRANSPARENCY—unique optical properties 

HOMOGENEITY — completely homogeneous 
and free from granularity 

AVAILABILITY — block material for lenses, 
prisms, etc; rod, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus. 

Write for complete illustrated catalog. 

deep drawn aluminum boxes and covers 

Choose from more than 11,600 sizes, shapes and height , 

of square, round, rectangular boxes and covers — 
pay no tooling charge! All can be trimmed and modified 

to your specification ... brackets and fasteners can be 
installed, holes and louvers punched, etc. Complete facilities 

for welding and painting too! Send print or contact your 
Zero Representative for quote on custom deep drawn 

parts using the exclusive Zero-Method tooling. 

(Zero 
ZERO 
MANUFACTURING CO. 
1121 Chestnut Street, Burbank, California 

Telephone Victoria 9-5521 • TWX BRB 9862 

representatives in key cities covering the U.S. 

WRITE FOR 

NEW ZERO STOCK 

BOX CATALOG 
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WHAT'S 
YOUR 

TRANSISTOR 
COOLING 

PROBLEM? 
0 o 0 

Whatever it is, you can probably find the solu-
tion with a Birtcher Radiator. Available in sizes 
and designs to most efficiently cool all popu-
larly used (and many special) transistors. 
Test reports show up to 27% more transistor 
efficiency! 

AVAILABLE FROM AUTHORIZED BIRTCHER DISTRIBUTORS 

o 
o 

NEW! 

TRANSISTOR 

RADIATOR 

CATALOG 1 — HR 

Just off the press — write for it 

THE BIRTCHER CORPORATION 
INDUSTRIAL DIVISION 

745 S. MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA 
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Is it a relay or coaxial switch? 

Some people call this electro-magneti-
cally actuated device a relay. We call 
it a coaxial switch. Do you know what 
the difference is? 

First, the conventional relay, even 
when shielded and coaxially termi-
nated isn't suited for use in circuits 
above 400 mc. In fact, even at this 
relatively low frequency, such a relay 
may have a VSWR of 1.5. The DK 
Coaxial Switch with improved im-
pedance match will show a VSWR 

of only 1.1 at the same frequency. 
Standard DK Coaxial Switches are 

designed for frequencies up to 5,000 
mc. Models under development will 
soon extend this to the 10,000 mc range. 
Improved VSWR is only one differ-

ence. DK Coaxial Switches offer lower 
crosstalk, reduced insertion losses, and 
great environmental reliability. 
RF Products can supply over 1300 

individual switch designs. But, since 

132 of these meet 90 per cent of known 
applications, we have prepared a sim-
plified catalog which makes it easy for 
you to find the switch you need. Write 
for Catalog DK61. 

If you don't find the switch you want 
in this catalog, your local RF Products 
representative can supply you with 
information on hundreds of existing 
alternatives, or help you to design a new 
switch to solve your specific problem. 

Ire IF IF.11-2011::»ILJC-11- I 
DiVision of AmphefforBorg Electronics Corp.. 33 East Franklin St.. Danbury, Donn. 

in( 

AMPHENER 
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crystal controlled 

PACKAGED 
OSCILLATORS 

a stable 
solid state source 

for systems 

Temperature controlled packaged 

oscillators, either sealed units or 

plug-in printed circuit modules, offer the 
reliability and stability of quartz crystal 

control over a frequency 
spectrum of 60 cps to 20 MC. Stabilities 

from 0.1% to 0.001% are standard, 
custom designed units stable to 
5 parts in 108 are available as 

complete packages. Features include: 
small size, temperature range 

from —65°C to 125°C, ruggedized 
units to meet severe environmental 

conditions. Outputs available 

include: standardized pulse, square wave or 

stable sine-wave — working into load 
impedances from 50 ohms and up 

depending on frequency range. The Valpey engineering staff will be 

pleased to submit quotations according to your specifications for packaged 
oscillator applications including pulsed or gated circuits, frequency sources 

and standards, time bases or other advanced circuitry needs. Specification 

sheets on request. 

VALPEY QUARTZ CRYSTALS 
Crystals in all frequency ranges can be manufactured or developed to meet 

long term stability and other special requirements. Miniature and sub-
miniature frequency control crystals for commercial or military applications 

are available to 125 MC. High frequency crystals for lattice type and single 
signal filters are available in frequency range from 1500 KC to 23,000 MC. 

Ruggedized Low Frequency 
Oscillator and Filter Crystals 
compactly designed for applica-
tions where space is important 

and environmental conditions 
severe. Frequency range 5 KC 

to 350 KC. 

For complete information on 

Va'pay Crystals request catalog 

e;,t cier—e.â Aince 1937 
Quartz Crystals • Ovens • Precision Optics • Crystals for 

Ultrasonics and Delay Lines • Packaged Oscillators 
Fabrication of Rods for LASER 

LPEY CRYSTAL CORP. 
HIGHLAND ST., HOLLISTON, MASS. 

Tel. GArden 9-4851, 9-4854 

PYROFILM'S NEW MICRO-MINIATURE 

1/10 WATT RESISTOR IS ONLY 

.090 x .156 
Glass envelope e true hermetic seal 

Write for complete details 

PYROFILM RESISTOR CO., INC. 
U. S. Highway #46, Parsippany, N. J. 
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Seen 
the new 

IDEA 

INDEX 

IN EBG? 
The INDEX to the editorial Exticles in electronics magazine, 
previously published annually in a December issue, now ap-
pears ONLY in the EBG. Another original EBG idea that 
saves time and trouble for users! Keep your EBG copy on 
your desk! 

EXTRA! 

Also in the EBG are condensed ABSTRACTS of all the edi-
torial feature articles which have appeared to date in 1961. 
Another reason why EBG is used more by all four — men in 
research, design, production and management. 

McGraw-Hill Publication, 

330 West 42nd St., New York 36, N. Y. 

1. 
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PICK ANY CIRCUIT 
(or design a new one ... ) 

AMP-MECA® 

assemblies can package it! 
Name any present or foreseeable fu-
ture electronic circuit—from conven-
tional to solid state, from molecular 
to thin film . . . welded or cordwood 
or micro-module or semi-conducted 
network—AMP-MECA Maintainable 
Electronic Component Assemblies can 
package and interconnect every one 
of them! 

How does the AMP-MECA system 
achieve this remarkable compatibility? 

First of all, the basic AMP-MECA 
building block—the plug-in cell—is not 
fixed in physical size. Cell height, 
width and length can be varied, by in-

crements, through four flexible grid 
systems, .050 in., .075 in., 0.1 in., 
and 0.2 in. to adapt to present or fu-
ture circuits of all shapes and sizes. 
Circuit designers can choose to pack-
age into any AMP-MECA cell only 
those components which constitute an 
economically expendable function. 

Second, AMP-MECA cells can easily 
interconnect circuits in all of the basic 
patterns; pure series, pure parallel, 
and complex series-parallel. 

Third, the lay out of interconnec-
tions between circuits is greatly sim-

plified through the use of graphs. To 
date, multi-layer wiring has not been 
required for even the most complex 
logic system. The AMP-MECA Circuit 
Assembly concept is adaptable to spe-
cialized military or non-military, simple 
and complex systems, as well as large 
volume systems. 

Explore the compatibility of the 

AMP-MECA system with your circuits. 

To see a specific AMP-MECA applica-

tion, please turn this page. Write today 

for literature. 
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Bendix makes the circuits... er 

AMP-MECA® 

assemblies make 
the right interconnections! 

Bendix Radio now offers a number of standard or special 
circuit modules packaged in MECA. Currently in mass 
production of more than 250,000 digital circuit modules, 
Bendix has chosen AMP-MECA Maintainable Electronic 
Component Assemblies as a totally compatible module 
packaging and interconnection system. So have several 
other circuit manufacturers whose customers want com-
pletely assembled, pre-packaged circuits. 

Their selection is a calculated one. 

Electrically the AMP-MECA concept provides a sophis-
ticated wiring harness with short path interconnections 
in three-dimensions for integration of modular systems. 

Bendix circuit modules and the AMP-MECA cell con-
nectors vary in size depending upon the circuits to be 

packaged and make possible optimum packaging den-
sities to meet your most exacting requirements. Contact 
area redundancy in the AMP-MECA system assures maxi-
mum reliability. Overall design elements make the system 
easy to assemble, test and maintain. 

The AMP-MECA system provides the ease and simplic-
ity of laying out interconnections between circuits when 
using the three-dimensional capabilities of the system. 
Circuit layout using the AMP-MECA concept can be ac-
complished without multi-layer wiring. 

Write today for complete information on Bendix Cir-
cuits in AMP-MECA cells . . . get the facts on how this 
combination can go to work for you. 

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 Germany 
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Thirty-six inch, fa paraboloid mirror to be used in Stratoscope II balloon-borne telescope is polished to 
an accuracy of one-millionth of an inch at Perkin-Elmer Corp. 

OPTICAL TECH:\ 
For Electronic Engineers 

IQUES 

Developments in infrared, millimeter waves and optical masers are helping 

consummate the marriage of electronics and optics. Here is a summary of 

optical principles and techniques useful to electronic engineers 

By RONALD M. BENREY 
Massachusetts Institute of Technology 
Cambridge, Mass. 

OPTICS refers to the combination of 
physical and mathematical sciences 
pertaining to the nature, proper-
ties, generation and control of elec-
tromagnetic radiation, and to the 
phenomenon of vision. The breadth 
of this definition is wide, and de-
parts from the classical approach 
of pigeon-holing small segments of 

the electromagnetic spectrum un-
der categories such as infrared, 
microwave and visual regions. To-
day it is difficult to split the spec-
trum into small segments because 
it is almost impossible to establish 
the necessarily arbitrary boundary 
lines. So-called optical phenomena 
including reflection and refraction 
are used to guide microwave radia-
tion, while the direct extension of 
the microwave waveguide . . . 
fiber optics . . . is used to channel 

light beams. The recent develop-
ment of the optical maser, or laser, 
has demonstrated the ability to pro-
duce electromagnetic radiation 
across an enormous spectral range, 
from microwave through visual, 
using modifications of a single de-
vice: the maser. 
The science of classical optics 

was developed to explain the phe-
nomena observed when visible light 
interacted with matter. Visible 
light has no special significance in 
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the spectrum, in denoting 
the boundaries of the human 
senses. The founders of optical 
science were certainly unaware of 
the manifold ways in which energy 

can be transmitted, and assumed 
they were limited to those that 
could be observed by man. They 
developed optical principles along 
a narrow path, and followed a de-

scriptive and practical engineering 
approach. Only when the continu-
ity of the wave-energy concept was 
realized were these optical princi-
ples applied to other regions of the 
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spectrum. To develop electron op-
tics, optical techniques were applied 
to X-rays and even to the wave mo-
tion associated with moving parti-
cles. 

Design methods used by optical 
engineers to develop new optical 
systems are often familiar to the 
electrical engineer. Space-fre-
quency concepts coupled with two-
dimensional Fourier analysis and 
transform methods can be used to 
predict the quality of optical com-
ponents, and digital computers are 
commonly used to cut through the 
rigor of lens design. 

Prior to World War II, optics 
was an important field of research 
in many areas of science and engi-
neering. Spectroscopy was devel-
oped as a science in itself, sophisti-
cated astronomical instruments 
were designed and built, and the 
foundations of electro-optics were 
laid with the development of image-
converter tubes, image orthicons 
and multiplier phototubes. The mil-
itary importance of high-quality 
optical and electro-optical systems 
were obvious. It was often claimed 
the war would be won by the coun-
try possessing the finest submarine 
periscope, most accurate bombsight 
and most efficient aircraft spotter. 
Two developments upset this pic-

ture and temporarily relegated op-
tics to the back of the academic 
shelf: radar and atomic energy. 
Radar could do most of the things 
sophisticated optical systems could 
and it wasn't affected by the bug-a-
boo of optical devices, atmospheric 
aberration. The electronics indus-
try exploded with the new technolo-
gies of radar, and long range radar 
quickly replaced line-of-sight opti-
cal ranging instruments. 

In an equally violent revolution, 
the atomic bomb turned the inter-
ests of physicists, and especially 
graduate students working on doc-
torate theses, away from optics and 
toward nuclear physics. Optics has 
been considered a closed and com-
pleted science in recent years, and 
more often than not engineering 
schools teach a descriptive optics 
course more out of historical inter-
est than academic importance. 
The electro-optical industry de-

veloped in recent years through the 
marriage of electronics and optics. 
Human observers on the receiving 
end of an optical system are not 
capable of performing the tasks 

electronic systems can. Early elec-
tro-optical systems consisted of 
conventional and straightforward 
optical systems tacked to an elec-
tronic system with some sort of 
light-to-electric energy transducer. 
The optical system either improved 
the sensitivity of the transducer, as 
with a lens in front of a phototube, 
or the electronic system converted 
the transducer output to a useful 
form, as in a photoelectric relay. 
Each system was conventional and 
required no special technology, 
either optical or electrical. 
Modern systems are more highly 

integrated, and the combination of 
electronic and optical components 
is chosen with the aim of carefully 
matching characteristics of optical 
and electronic portions to enable 
the system as a whole to best per-
form some task. Development of 
infrared technology has produced a 
wide range of new electro-optical 
devices. 
Emphasis on space technology 

has triggered new growth in opti-
cal and electro-optical technology. 
With the atmosphere eliminated, 
atmospheric attenuation and abber-
ration are no longer problems. Op-
tical antennas of a given resolving 
capability are many times smaller 
than their microwave counterparts 
and optical frequencies offer much 
greater bandwdith for communica-
tions. The recently developed opti-
cal maser shows promise in 
communications and ranging appli-
cations and possibly as a power 
transmitting element. 
New applications for optical 

techniques are being found daily 
in many areas, and the electronic 
engineers will certainly have to 
have a wide background to keep up 
with the electro-optical industry. 

Classical methods. The engineer 
will usually be concerned with prac-
tical and applied optics, and with 
the techniques often included in the 
broad heading of classical optics. 
Geometrical optics that discusses 
the action of lenses, prisms and 
mirrors on beams or rays of light, 
and physical optics that treats light 
as wave motion and deals with in-
terference, diffraction and polariza-
tion, both fall in the field of classi-
cal optics. 

In practice, geometrical optics is 
usually applied in the design of 
simple imaging systems, and in 
fact most problems can be solved by 

applying the three basic laws of 
geometrical optics: rectilinear 
propagation of light, the principle 
of reflection and the principle of re-
fraction. 
The most familiar element in 

simple imaging systems is the lens, 
although it is often the most diffi-
cult part of a system to design. 
Because of the many variables in-
volved, ranging from surface curva-
ture to types of optical glass, lens 
design has been until recently more 
of an art than a science. The cut-
and-try approach was often used as 
the only means to escape the moun-
tains of mathematics required to 
deal with all variables, and except 
for certain simple cases there have 
been no unique solutions to lens de-
sign problems. 
The most important recent ad-

vances in lens design have been 
made through the introduction of 
new analytical techniques, new 
glasses, and aspheric surfaces, and 
the use of digital computers to an-
alyze and synthesize lens systems. 

Materials research to find sub-
stances transparent to infrared is 
extending the usefulness of lens 
technique to the longer wavelength 
areas of the optical spectrum. 

Optical Quality. Ideally an opti-
cal system should guide, direct, or 
focus incident radiation, but not 
introduce any extraneous distor-
tions or aberrations. A heavily 
mathematical theory of lens and 
mirror system aberrations has been 
developed, and with digital com-
puters aberration free systems 
have been designed. 

Difficulties arise when theory is 
put into practice due to defects and 
imperfections in optical materials. 
Everyone is familiar with the dis-
persing property of a simple right 
angle prism, and has seen the spec-
trum emitted from one face when 
white light is incident on another. 
This effect is caused by varying 
refractive indices for different 
wave lengths of incident light, and 
although pretty to look at, it intro-
duces undesirable chromatic aber-
ration in lens systems. In general, 
the focal length of a lens is greater 
for red light (long wavelengths) 
than for blue light (short wave-
lengths). Mirrors and reflection 
optics are free from chromatic ab-
erration, hence their wide use in 
ir systems where the large range 
of ir wavelengths would introduce 
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severe focusing problems. 
Optical materials must be free 

from obvious defects such as bub-
bles, undissolved fragments and 
cloudiness, as well as less obvious 
nonuniformities such as striae and 
strain. Striae are streaks running 
through a material that differ 
slightly from average in respect to 
optical properties. The index of re-
fraction of striae is usually lower 
than the surrounding material, and 
refraction can occur within the ele-
ment. The difference in index of 
refraction is usually confined to the 

fourth decimal place, however, the 
shimmering observable over a 
heated radiator results from 
changes in the index of refraction 
of air in the fifth decimal place. 

Strain occurs when a hot piece 
of glass or other optical material 
cools nonuniformly, and can be re-
moved by an annealing process. A 
piece of strained glass could con-
ceivably shatter at any moment be-
cause of internal stress. Strain will 
introduce birefringence, creating 
different indices of refraction in 
different directions in the material. 

Diffraction-Limited Optics. The 
resolving capabilities of any optical 
system is ultimately limited by dif-
fraction phenomena. If the system 
is ideal in design and construction, 
and all aberrations have been cor-
rected the system is considered to 
be diffraction limited. The extent 
that systems performance is affec-
ted by diffraction depends on the 
size of apertures throughout the 
system, and the wave length of the 
radiation passing through. A per-
fect optical system will produce an 
image of a monochromatic point 
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source that consists of a central 
disk (Airy disk) surrounded by a 
concentric pattern of alternately 
dark and light rings. The angular 
diameter of the central maximum 
is given by: 8 = 1.22X/D where 8 
measured in radians. Quantity D. 
is the diameter of the aperture, and 
X is the wavelength of the trans-
mitted light. The relation holds 
only for monochromatic or near 
monochromatic light. Alternate 
light and dark rings produced by 
the various components of trans-
mitted white light would overlap, 
and merge into a hazy halo sur-
rounding a central maximum. Thus, 
no optical system can produce a 
perfectly sharp image of a point 
source. 

Diffraction results from the in-
teraction between portions of a 
light wave front and solid obstacles, 
where the interaction alters the di-
rection of propagation. Thus the 
edges of opaque objects do not form 
absolutely sharp shadows, as some 
of the light is diffracted into the 
edge of the shadow. Diffraction is 
also observable in the spreading of 
the output beam from a ruby opti-
cal maser. The angle of the light 
cone is given by the diffraction 
equation, and is approximately 70 
microradians for a half-inch-di-
ameter ruby rod. 

Diffraction phenomena can be ex-
plained only by assuming a wave 
character for light, and by dispen-
sing with the postulate of recti-
linear propagation of light as 
assumed in geometrical optics. Geo-
metrical optics in general repre-
sents a limiting situation where 
the wavelength being discussed is 
allowed to approach zero. 

Interference. The superposition 
of two or more light waves having 
a simple fixed phase relationship 
among themselves results in a vari-
ation of the net wave amplitude 
with distance and time. Interfer-
ence is characterized by local max-
ima and minima where the waves 
reinforce each other (constructive 
interference) or attenuate each 
other (destructive interference). 
Constructive interference occurs 
when the phases and amplitudes of 
the superposed waves are in a rela-
tionship that increases the square 
of the net amplitude above the sum 
of the squared component ampli-
tudes. Destructive interference 
occurs when the component phase 

Sperry engineer aligns complicated lens system for use at input to elec-
tronic equipment. He is using an optical test bench setup 

and amplitude relationships de-
crease the square of the amplitude 
below the sum of the squares of 
the interfering waves. 

Interference effects are applied 
practically in several classes of op-
tical devices. The most straight-
forward is the interferometer, an 
instrument used to measure small 
linear and angular displacements, 
optical path length differences and 
wavelength of light radiation. The 
Michelson interferometer is fa-
miliar; other interferometric de-
vices operate on the same basic 
principle. Light from a single 
source is split into two or more 
parts by mirror arrangements, and 
the parts are later recombined after 
having traversed different path 
lengths. Different path lengths in-
troduce phase shifts among the 
components, and they interfere 
upon recombination. In general, 
light from a single source must be 
split and recombined to observe in-
terference. Radiation from two dis-
tinct separate sources will not inter-
fere because the phase relationship 
between the two radiations is not 
simple, but is constantly changing 
(see COHERENCE). 
Transparent dielectric coatings 

applied to lens surfaces to cut re-
flection use the interference effect. 

Light impinging on the optical 
element undergoes a multiple re-
flection within the dielectric mate-
rial. Through destructive inter-
ference, light that would normally 
be reflected back from the base 
glass surface is attenuated. Anti-

reflection coatings are observable 
on most quality camera lenses as a 
blue or pink tinge when the lens is 
viewed from an angle. 

Selective reflection and transmis-
sion filters using multilayer di-
electric coatings are the optical 
counterpart of RLC filters. 

Single or double-layer filters are 
stacked to achieve greater selectivi-
ties. Multilayer reflective coatings 
do not absorb radiation as do metal-
lic coatings, an important consid-
eration if light levels are small. 

Optical Maser. If any single 
device could be given credit for 
stimulating the new growth of the 
electro-optical industry it would 
have to be the optical maser, or 
laser. Although present research 
models are little more than tem-
peramental sources of highly co-
herent almost monochromatic light, 
applications suggested for the de-
vice are in fields ranging from med-
ical electronics to space communi-
cations. The property of coherence 
makes it easy to transmit a maser 
beam over great distances, and 
focus it to a sharp point to achieve 
enormous power-per-unit-area val-
ues, and the high optical frequen-
cies give wide bandwidths for com-
munications. 

Optical masers in use or develop-
ment today fall into two categories: 
solid state and gaseous; all work 
on roughly the same idea. The ma-
jority of a small number of opti-
cally active atoms in a host crystal 
lattice (solid state) or in a gas dis-
charge tube (gaseous) are raised to 
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a high semistable (metastable) en-
ergy level bY some pumping 
scheme. The geometrical design of 
the device is such that when a few 
atoms fall to lower energy levels 
randomly, the emitted radiation 
stimulates in-phase radiation from 
the other atoms. The output is a 
highly collimated beam of sharply 

defined frequency. 
Optically speaking the solid-state 

device is the simpler of the two as 
it comprises its own optical system. 
Operation of a solid-state optical 
maser is closely linked to the prop-
erty of fluorescence, and proposed 
maser materials are first studied on 
the basis of their fluorescente. The 
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pumping scheme for a solid-state 
device is optical, using an electronic 
flash to raise the energy levels of 
the optically active atoms. Repeti-
tive flashing of the pump would be 
necessary to maintain continuous 
output radiation, but heating ef-
fects will not usually permit this. 
Hence solid-state masers are hm-
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ited to pulsed operation. 
The gas optical maser is similar 

to an ordinary gas discharge tube. 
A mixture of neon and helium in a 
quartz tube is excited by an r-f 
generator and the helium is raised 
to a high energy level. Collisions 
between the excited helium and low-
energy neon raise the neon to the 
metastable energy level. The gase-
ous optical maser has the advan-
tage of continuous operation; how-
ever it is complicated to assemble 
and align and requires expensive 
components. 

Coherence. The term coherence 
appears in every discussion of op-
tical masers since maser output is 
considered a highly coherent beam 
of light. Too often however, coher-
ence is taken solely as a synonym 
for monochromatic, which is not 
strictly true. For, although all true 
coherent light sources are mono-
chromatic, a monochromatic source 
is not necessarily coherent. W. Louis 
Hyde of J. W. Fecker Inc., Pitts-
burgh, suggests the following work-
ing definition for coherence: "Two 
beams of light are coherent if the 
phase relationship between them is 
simple. If a simple phase relation-
ship exists, then the beams can be 
made to interfere with each other. 
The two beams may be adjacent 
parts of the same wave front in 
which case we say that we have a 
coherent wave front; or the beams 
may follow each other at an inter-
val of time at the same point in 
space. Conventional light sources 
are coherent for times on the order 
of 10-" second, and even the best 
interferometric conventional 
sources are coherent for times of 
the order of 10' second. This time 
corresponds to about 10 meters 
separation along a beam of light. 
Thus interference effects can be ob-
served for distances of this magni-
tude. Optical masers are coherent 
for times of the order of 10" sec-
ond so that interference can be ob-
served over thousands of miles." 
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GLOSSARY OF COMMONLY USED OPTICAL TERMS 

ABERRATION—In an optical system, any 
systematic departure from an idealized 
path of light rays forming an image, caus-
ing the image to be imperfect. In physical 
optics, any systematic departure of a wave 
front from its ideal plane or sphercial form. 
Common aberrations include spherical and 
chromatic aberration, coma, distortion of 
image, curvature of field, and astigmatism. 
ABSORPTION—The transference of some 
or all of the energy contained in electro-
magnetic waves to the substance they 
transverse or are incident upon. Absorbed 
energy from incident or transmitted light 
waves is converted into energy of other 
forms, usually heat, within the medium with 
a resultant weakening of the light beam. 
ACHROMATIC—Free from color or hue. 
Used to describe an optical system free 
from chromatic aberration. An achromat is 
a compound lens corrected to have the same 
focal length for two or more wavelengths. 
ANISOTROPIC—Having different charac-
teristics in different directions. Two identi-
cal light beams propagating through an 
anisotropic material in different directions 
will be affected in different manners. 
ANTENNA, LIGHT—A system of reflecting 
and refracting optical components arranged 
to guide or direct a light beam. 
ASTIGMATISM—An aberration of a lens or 
lens system that causes an off-axis point to 
be imaged as two separated lines perpen-
dicular to each other. 
AXIS, OPTICAL—The axis of symmetry, or 
the line joining the centers of curvatures 
of the surfaces of an optical system. 
BEAM—A parallel, diverging or converg-
ing flow of electromagnetic radiation. In 
light, refers to a directed bundle of light 
rays. 
BIREFRINGENCE—Splitting of a light 
beam into two divergent components upon 
passage through a doubly refracting me-
dium. The two componees travel at differ-
ent velocities in the medium. (see text) 
BLACK BODY—An ideal body that would 
absorb all radiation incident on it. When 
heated by external means the spectral en-
ergy distribution of radaited energy would 
follow the curves shown on the optical 
spectrum chart. 
COHERENT—(See text) 
COLLIMATOR—An optical system that 
transforms convergent or divergent light 
rays into beams of parallel rays. 
DEVIATION, ANGLE OF—The angular 
change in direction of a light ray after 
crossing the interface between two different 
media. 
DISPERSION—Separating the components 
of a complex radiation on the basis of some 
characteristic. A prism disperses the com-
ponents of white light by deviating each 
wavelength a different amount. 
DISTORTION—An aberration of spherical 
surface optical systems due to the variation 
in magnification with distance from the 
optical axis. 
ELECTRON OPTICS—The directing and 
guiding of electron beams using electric 
fields in the same manner as lenses are 
used on light beams. Image-converter tubes 
and electron microscopes are two examples 
of electron-optical devices. 
FABRY-PEROT INTERFEROMETER — A 
high-resolution multiple-beam interfero-
meter consisting of two optically flat and 
parallel glass or quartz plates held a short 
fixed and known distance apart. The ad-
jacent surfaces of the plates or interfero-
meter flats are made almost totally reflect-
ing by a thin silver film or multilayer 
dielectric coating. (See text) 
FIBER OPTICS—A transparent fiber of a 
homogeneous and transparent material such 
as glass or plastic when enclosed within a 
material having a lower index of refraction 
will transmit light by a series of internal 
reflections, or if its cross section is suitably 
small, in the manner of a wave guide. If 
many such fibers are assembled in a bundle, 
each individual fiber encased in a surround-
ing meduim of lower index of refraction, 
an entire image can be transmitted when it 
is formed on the entrance end of the fiber 
bundle. Each fiber transmits only one ele-
ment of the composite emergent image. As 
the definition in the output image depends 
on the smallness of each element composing 
it, it is desirable to keep the cross-section 
of the individual fibers as small as possible. 
If the spacing of the fibers increases 
towards the output end of the bundle, the 
image is magnified: if spacing is reduced 
the image is reduced in size. By crossing 
the fibres systematically or randomly the 
image is scrambled, and ,41,1 be recovered 

by retransmitting it backwards through the 
same or equivalent fiber bundle. 

FILM, MULTILAYER DIELECTRIC — See 
text. 
FILTER, OPTICAL—A component or group 
of components placed in an optical system 
to reduce or eliminate certain selected 
wave-lengths while leaving others relatively 
unchanged, or to modify the intensity or 
polarization of light. 

FOCAL LENGTH—The distance from a 
lens, or some point therein, or from a mir-
ror, to the image of a small, infinitely 
distant source of light. This image point la 
referred to as the focal point. 
GRATING. DIFFRACTION—A large number 
of narrow, close, equally spaced rulings 
upon a transparent or reflecting substrate 
capable fo dispersing light into its spec-
trum. 
INTERFERENCE—The systematic rein-
forcement and attenuation of two or more 
light waves when they are superimposed. 
(See text and FABRY-PEROT INTERFERO-
MENTER) 
LASER—See Maser, Optical 
LENS—An optical component made of one 
or more pieces of a material transparent to 
the radiation passing through the optical 
system having curved surfaces, that is cap-
able of forming an image, either real or 
virtual, of the object source of the radia-
tion. At least one of the curved surfaces is 
convex or concave, normally spherical but 
sometimes aspheric. A simple lens consists 
of a single piece of transparent material. 
MAGNIFICATION—The ratio of the size of 
any linear dimension of the image to that 
of the object in some optical system. 
MASER, OPTICAL—A source of nearly 
monocromatic and coherent radiation pro-
duced by the synchronous and cooperative 
emission of optically pumped ions intro-
duced into a crystal host lattice or gas 
atoms excited in a discharge tube. The radi-
ation has a sharply defined frequency and 
propagates in an intense highly directional 
beam. (See text) 
MIRROR—A flat or curved surface opti-
cally ground and polished on a reflecting 
material or a transparent material that is 
coated to make it reflecting, used for re-
flecting light. A beam splitting mirror has a 
lightly deposited metallic coating that 
transmits a portion of the incident light 
and reflects the remainder. 
MONOCHROMATOR—An instrument for 
isolating narrow portions of the spectrum, 
by means of dispersion of light into its 
component c olors. 
OPTICS, COATED—Optical refracting and 
reflecting surfaces that have been coated 
with one or more layers of dielectric or 
metallic material for reducing or increasing 
reflection from the surfaces, either totally 
or for selected wavelengths and for protect-
ing the surfaces from abrasion and cor-
rosion. 
OPTICS, GEOMETRICAL—The optics of 
light rays, which follow mathematically 
defined paths in passing through optical 
elements such as lenses and prisms and 
optical media that refract, reflect, or trans-
mit electromagnetic radiation. 
OPTICS, PHYSICAL—Branch of optics 
treating light as a form of wave motion. In 
which energy is propagated by wave fronts. 
POLARIZER—An optical device capable of 
transforming unpolarized or natural light 
into polarized light, or altering the polar-
ization of polarized light. 
PRISM. PENTA—Prism having unique 
property of diverting a beam ninety degrees 
in the principal plane even if the beam 
does not strike the end faces exactly nor-
mally. 
SWELL'S LAW—The laws of reflection and 
refraction that state: The incident ray, the 
normal to the surface at the point of inci-
dence of the ray all lie in a single plane. 
The angle between the incident ray and 
the normal is equal in magnitude to the 
angle between the reflected ray and the 
normal. The ratio of the sine of the angle 
between the normal and the incident ray to 
the sing of the angle between the normal 
and the refracted ray is a constant. 
STARK EFFECT—The splitting of spectral 
lines by an applied electric field. 
WAVELENGTH—The distance from a point 
on one wave to the corresponding point on 
the next wave. Wavelength determines the 
color of light. 
ZEEMAN EFFECT—The splitting of spec-
tral lines by an applied magnetic field. 
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How to Select an Adequate COOLING 

Ten basic ways to maintain the proper thermal environment to ensure maximum 

By ALFRED L. JOHNSON, 
AiResearch Division. 
Garrett Corp. 
Los Angeles. Calif. 

RELIABILITY can be achieved only if 
electronic, thermal, and mechanical 
design are all well executed. Once 
a circuit design has been estab-
lished, most of the components to 
be used are known. Failure rate-
temperature data from such pub-
lications as BuShips Report TR-
1100 show that it is, in general, 
necessary to shield components 
from a hostile ambient environ-
ment. 

While the details of component 
deterioration vary from one com-
ponent to another, equipment that 
functions adequately at one tem-
perature level will be less reliable 
at elevated temperatures. Reliabil-
ity is not solely a matter of avoid-
ing the excessive temperatures to 
which the failure rates are asymp-
totic; at any operating range a re-
duction in temperature is reflected 
by lower failure rates. Thus, for a 
given circuit in a given configura-
tion and a given vibrational en-

CONDUCTION 

r 
dT 

Cien -717 

vironment, reliability is almost en-
tirely a function of the thermal 
environment. 

Environmental conditioning of 
electronic equipment is necessary 
for the proper functioning of elec-
tronic systems. This conditioning 
may be so simple as to provide for 
component spacing to allow for free 
convection cooling, or it may be so 
complex as to require a pressurized 
container in which the components 
are submerged in a dielectric fluid 
that boils on the hot spots and con-
denses on a cooling surface. 

Figure 1 reviews and defines the 
thermal relationships. 

In heat transfer by conduction, 
if a temperature potential (Ti — 
exists across a material of thick-
ness d and thermal conductivity K, 
the heat flux q per unit area be-
tween the hot and cold surface is 
directly proportional to the tem-
perature potential and the thermal 
conductivity, and inversely propor-
tional to the thickness. In this 
mode of heat transfer, thermal 
energy is transferred by crystal-
lattice vibration and electron move-

METHODS OF HEAT TRANSFER 
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FIG. 1—Basic relations and the three methods of heat transfer are tabu-
lated. All three are used in cooling electronic systems 

ment. Metallic conductors have a 
large amount of heat transferred 
by electron conductions while in-
sulators predominantly conduct heat 
by crystal-lattice vibration. Semi-
conductors use about equal amounts 
of both modes of energy transfer. 
Heat transfer by convection is 

expressed mathematically identical 
to conduction with the coefficient of 
convection h equal to KID for con-
duction. Convection coefficients are 
defined on the bulk mean tempera-
ture of the fluid and the wall tem-
perature across which the fluid is 
moving. There are two modes of 
convection heat transfer: turbu-
lence, in which the heat is trans-
ferred mainly by mixing of hot and 
cold fluid particles; and laminar, a 
mode of heat transfer analogous to 
conduction. There is always a lam-
inar boundary close to the wall, 
which controls the value of h. In 
heat exchanger design, the item 
attacked is this boundary layer, 
which by proper design can be kept 
small, thereby maintaining a large 
value of h. This boundary layer is 
reduced by supplying energy to the 
fluid that in turn results in a fluid 
pressure drop. This means that for 
a given unit, more power is re-
quired for cooling as the thermal 
design problem becomes more 
doubtful. This point is clarified 
later. 

Heat transfer by radiation uses 
electromagnetic waves as the means 
of energy transfer. The hot surface 
can be thought of as an infinite sur-
face of electromagnetic transmit-
ters with the thermal energy of 
vibration transferred to the elec-
tromagnetic energy at the surface. 
The mathematical expression is an 
expression of radiation balance be-
tween the hot and cold surfaces 
where Ei and E, are the emissivi-
ties of surfaces at temperatures 
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system reliability 

T, and T„ respectively. The Stefan-
Boltzmann constant cr is a function 
of the dimensional system. The ex-
pression is further complicated in 
application by the viewing factors 
that account for the geometry of 
the radiating bodies. 
Two energy relations are used. 

One expresses the increase in tem-
perature of a body of mass m when 
heat is added at a rate Q; the other 
expresses the increase in tempera-
ture of a fluid stream from Ti to T, 
when heat is added at a rate Q. 
These equations are also presented 
in Fig. I. 

Typical modes of heat transfer 
for both internal and external con-
figurations are presented in Fig. 2. 
For each system a representative 
thermal density for the electronic 
assembly being cooled is listed. 
These figures are general, being 
based on typical problem state-
ments with a 40-deg C temperature 
gradient between the internal and 
the external temperatures. The rat-
ing, watts per cubic inch, refers to 
the electronic assembly itself and 
not the overall envelope. 

Figure 3 summarizes the heat 
sinks available for the disposition 
of heat. In a design problem the 
form in which this heat sink is 
made available to the electronic 
equipment dictates the type of con-
ditioning. If a choice of forms 
exists, one is usually superior from 
the viewpoint of electronic equip-
ment manufacture; however, the 
various heat sinks may have asso-
ciated with them various weight 
and drag factors. Therefore, it is 
necessary to evaluate the choice of 
heat sink on the basis of the whole 
system. 

Occasionally the temperature 
level at which the heat sink is 
available is above the temperature 
level required by the electronic 

Housings for airborne electronic units incorporate an air-to-air heat ex-
changer; air inside is hermetically isolated from ambient atmosphere 
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FIG. 2—The ten ways of cooling a unit of 
equipment, and the thermal capacities that 
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FIG. 3—Ways in which a heat sink may be made available to a 
cooling system, and the processes that dispose of heat 

equipment. There are a number of 
methods for solving this problem, 
the more practical being presented 
in Fig. 4. 

The gas cycle system, of which 
the air cycle system used on large 
commercial aircraft is a common 
example, requires a compressor, 
turbine, heat exchanger to transfer 
the heat from the hot compressed 
gas to the heat sink, device for add-
ing power into the compresor to 
allow the system to function, and 
a heat exchanger to transfer the 
heat from the thermal source to 
the working fluid. Typical perform-
ance relations are tabulated. 
The vapor cycle system, such as 

used in household refrigerators and 
air conditioning systems, requires 
a gas compressor, a gas-to-liquid 
condenser that rejects heat to the 
ambient, a liquid expansion valve 
that flashes the hot liquid to a lower 
pressure and a cooler two-phase 
state, and an evaporator that ab-
sorbs the heat from the thermal 
source by evaporating the remain-

der 

GLOSSARY 

C — Fluid flow rate, ft'/min 
C. — SpeF-cific heat of liquid, Btu lb-1 

O1 

C, — Specific heat of gas, Btu lb-1 °F-, 
COP— Coeffience of performance 
• — Specific heat, Btu lb-1 °F-1 

(Constant Pressure) 
— Specific heat, Btu lb-' °F-1 

(Constant Volume) 
d — Thickness, inches 
E — Emissivity 
à — Convection coefficient, Btu min-' 

°F-' ft-2 
E — Thermal conducting, Btu in min-' 

• ft' 
L — Latent heat of vaporization of re-

frigerent Btu lb-1 
m — Mass, lb. 
m — Mass flow rate, lb min-i 
N — N-type semiconductor 
P — P-type semiconductor 
P — Pressure, lb in 
• — Thermal energy, Btu min-' 

ft —2 
g — Thermal energy flux Btu min-' 

ft-2 or watts 
T — Temperature (Radiator Only) 
T. —Source temperature °K 
T. — Si-tk temperature °K 
W — Power, watts 
Z — Material property, °K-I 
• — Ratio of specific heats 

C. 

FIELD OF 
APPLICATION 

APPLICATIONS FOR ELECTRONIC EQUIP 

EQUIPMENT REQUIRED ENVIRONMENT 

Guidance (1) Gyroscopes 
(2) Accelerometers 
(3) Servo motors 

Motor-driven potentiometers 
5) Related hardware 

(1) 5-micron maximum free 
particle 

(2) Low constant humidity 
(3) Constant pressure 
(4) Stable, uniform temperature 
(5) Low density thermal dissipa-

tion (100 watts/ft') 

Detection (1) Airborne radar transmitter 
(2) Airborne sonar system 

(1) Low humidity 
(2) Relatively high fluid pressures 
(3) Moderate temperature 
(4) High density thermal dissipa-

tion (1,000 watts/W) 

Communication (1) Airborne communication re- Same as above 
ceivers 

(2) Data-link hardware 

Control (1) Fire-control systems with 
servo amplifiers 

(2) Solid-state computers 
(3) Electromechanical trans-

ducers 

(1) 5-micron maximum free 
particle 

(2) Low constant humidity 
(3) Minimum pressure limit 
(4) Low temperature gradient 

within structure 
(5) Moderate density thermal dis-

sipation (500 watts/W) 

Ground 
Support 

(1) Microwave tubes 
(2) Related equipment 

(1) Liquid coolant or circulated 
air, depending on the device to 
be cooled 

(2) High density thermal dissipa-
tion (1,000 to 3,000 watts/ft) 

e — 
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GAS CYCLE 

ing liquid to the gaseous state. 
The thermoelectric system uses 

electron current as a working fluid, 
and the relative energy states of 
the electron in p- and n-type semi-
conductors to cause the heat pump-
ing. For an electron to be in ther-
mal equilibrium when passing from 
the p leg to the n leg, it must ab-
sorb energy. When passing from 
the n leg to the p leg, the electron 
must give up energy. When a cur-
rent flows, the p-n junction becomes 
hot, the n-p junction becomes cold, 
and heat is pumped from the n-p to 
the p-n junction. Devices using this 
phenomenon are in production in 
specialized applications and promise 
to become more important as manu-
facturing techniques improve. 
From the description of forced-

convection heat transfer described, 
there is a relation between heat 
transfer and fluid friction. By 
manipulation of the heat transfer 
and fluid flow relations, it is pos-
sible to devise two equations relat-
ing face area, fluid flow rate, pres-

sure drop or power, heat transfer 
and fluid properties. These equa-
tions, shown in Fig. 4, give insight 
into the size of the heat-transfer 
hardware required for a problem. 
The field of environmental con-

ditioning of electronic equipment 
can be divided into five categories 
which aid in the formulation of de-
sign philosophy. These five cate-
gories (guidance, detection, com-
munication, control, and ground 
support) are described on the tables 
listing type of equipment, required 
environment, available ambient and 
problem statement. 
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MENT ENVIRONMENTAL CONDITIONING 

AVAILABLE AMBIENT PROBLEM STATEMENT 

(1) Sand and dust 
(2) Humidity: 0 to 100 percent 
(3) Pressure: 1 to 60 in. Hg 
(4) Temperature: —130 F to +130 F 
(5) Heat sink: Ambient air or provided 

coolant, with variable but relatively 
large thermal sink available 

(1) Environmental shield: 
(a) To eliminate contamination from 

sand, dust, and humidity 
(b) To maintain pressure 

(2) Provisions for heating and/or cooling 
to maintain constant temperature with 
low thermal energy dissipation 

Same as above (1) Environmental shield: 
(a) To eliminate moisture 
(b) To maintain pressure 

(2) Provisions for cooling 
(3) Provisions to eliminate arcover due to 

high voltages. 

(1) Pressure: 3 to 30 in. Hg 
(2) Temperature: —65 F to +120 F 
(3) Tends to utilize environment with 

moderately preconditioning air or 
other coolant, usually exhaust to 
ambient 

(1) Sealed pressurized environment 
(2) Provisions for circulation of fluid: 

(a) To allow high local thermal density 
(b) To provide stable dielectric for 

capacitors 

Same as above (1) Sealed pressurized environment 
(2) Provisions for fluid cirdulation and 

distribution 

Either as above or with a liquid sink, as (1) Provisions for liquid cooling of specified 
provided aboard ships components, with safety interlocks, or 

(2) Provisions for use of liquid for cooling 
or air circulated through electrical com-
ponents 
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FIG. 4—The three heat-pump proc-
esses and their equations. Depend-
ing on design considerations, any of 
the three cycles may be the most 
suitable in a problem 
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SQUARE METAL MESH 

(D ,17.5mm, 2r.0.2mm) 

Es:E-VECTOR OF INCIDENT WAVE FOR 
THE INCIDENCE IN PERPENDICULAR 
POLARIZATION 

Ep:E-VECTOR OF INCIDENT WAVE FOR 
THE INCIDENCE IN PARALLEL 
POLARIZATION 

FIG. 1-Structure of metal-mesh panel with equivalent circuit. Figures in 
parentheses are typical design values 

Table I - REFLECTION AND TRANSMISSION IN THE WORST 
COMBINATIONS (3,950 MC, VERTICAL INCIDENCE) 

Combinations 

Voltage (power) reflection 
coefficient 

Radome Becomes 
Capacitive 
e - 4.4, - 6.5 mm, 
2r = 0.18 mm, 
D = 20.5 mm, 
tan ê = 0.02 
31.2% (9.7%) 

Reduction of transmitted 2.2% 
power due to dielectric lens 

Transmission coefficient 

Phase angle of transmitted 
wave compared to free space 
propagation (lead +jag -) 

Voltage (power) reflection 
coefficient of dielectric plate 
without metal mesh 

88.1% ( -0.55 db) 

-21.05° ( -1/17 x) 

59.0% (34.9%) 

Power transmission coeffi- 63.7% ( -1.96 db) 
dent in the above case 

Radome Becomes 
Inductive 
e- 36, 3.5 mm, 
2r = 0.22 mm, 
D 14.5 mm, 
tan a = 0.02 
41.5% (17.2%) 

81.7% ( -0.87 db) 

24.25° (+1/15 X) 

33.8% (11.4%) 

87.7% ( -0.57 db) 

Table II - REDUCTION OF ANTENNA GAIN BY RA DOME (IN DB) 

Antenna Number 
1 

3 
4 
5 

Average 

3,700 Mc 3,950 Mc 4,200 Mc Average 
-0.81 -1.03 -0.87 -0.90 
-0.56 -0.45 -0.44 -0.48 
-0.67 -0.72 -0.78 -0.72 
-0.78 -0.60 -0.39 -0.59 
-0.76 -0.81 -0.96 -0.84 
-0.72 -0.72 -0.69 -0.71 

etal-Mesh 
By TAKASHI KITSUREGAWA 

FUJI() ARITA, 
Research Laboratory, Mitsubishi 
Electric Manufacturing Co., Ltd.. 

Amagasaki, Japan 

CIRCULARLY POLARIZED wave anten-
nas using this metal-mesh embed-
ded dielectric radome are now being 
used on a 4,000 Mc multichannel 
relay link in Japan. The structure 
of the radome panel and its equiva-
lent circuit are shown in Fig. 1. 
This radome has a shape symmetri-
cal with its paraboloidal mirror 
and has a diameter of 3.3 meters. 
The dielectric is made of glass 

fiber reinforced polyester resin with 
a thickness of 4.5 mm and is de-
signed to withstand wind velocities 
of 60 meters per second. 

If the equivalent parallel react-
ance of the mesh (shown in Fig. 
1) is X, the reflection and trans-
mission coefficients of the panel 
are 

- (e' - (cos e-2X sin #)(e'- l)  
(e'-1)+(cos e--2xain e) (i+1)+ 
2i V s' +2X cos JO 

4j NI e' X  
(1) (same denominator as R) 

where the incidence in perpendicu-
lar polarization is e' = (e - sin20)/ 
(cos'0), the incidence in parallel 
polarization is equal to (e'cos20)/ 

= (2irt/XVE-sin'O, t 
is the panel thickness, e is the spe-
cific dielectric constant, 9 is the 
angle of incidence and A is the free 
space wavelength. 
The radome may be designed so 

that R vanishes at a specified angle 
of incidence (0 = 0). 

Reactance (X) of the mesh is 
related to wire spacing D and wire 
radius r by 

(8\ 

Ire  e-sin, eirr 

0.601 (D )' (e+2 sin, ) 
0 } 

(2) 
X e- sin= 0 

where the upper expression (s) 
is perpendicular polarization and 
the lower expression (p) is the 
parallel polarization. 

This equation is for the incidence 
plane parallel to one of the con-
stituent parallel wires of Fig. 1 
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Embedded Dielectric Radome 
Design of a special type of radome in which the capacitive reflection of the 

panel is cancelled by the inductive reflection of an embedded metal mesh 

and analagous formulae can be 
worked out for other planes of in-
cidence. Equation 2 can be derived 
on the assumption of r/D, D/X<<1 

• and the nonexistence of higher 
mode interferences between the 
mesh and the panel surface. Wire 
spacing D should be chosen so that 
higher mode waves produced on 
the mesh are sufficiently attenuated 
during the propagation between 
the mesh and penel surface. For 
design dimensions illustrated in 
Fig. 1, Eq. 2 has been estimated to 
be in error by less than a few per-
cent of its value. 
Some examples of calculations 

using Eqs. 1 and 2 are shown in 
Fig. 2. Figure 2A shows the fre-
quency and incidence angle depend-
ences of the panel with the design 
dimensions of Fig. 1. Figures 2B 
and 2C illustrate the effects of man-
ufacturing errors, with Fig. 2B 
showing errors with respect to the 
dielectric panel and Fig. 2C with 
respect to the metal mesh. The 
limits of manufacturing errors are 
such to cover the range of actual 
errors with a sufficient factor of 
safety. 
To estimate the worst possible 

gain reduction of the antenna due 

• 
8..45* 

II POLARIZATION 

.3'0° 

8:715°\ 
(.395014C,.•8.• 0 

ç„. ANGLE OF INCIDENCE IN 1 POLARIZATION 
8.. ANGLE OF INCIDENCE IN II POLARIZATION . 

A 

to the radome, the individual man-
ufacturing errors are combined so 
that the reflection coefficients add 
in the same direction on the com-
plex reflection coefficient chart as 
shown in Figs. 2B and 2C. There 
are two extreme unfavorable cases 
where the radome as a whole be-
comes capacitive or inductive. Ta-
ble I shows the resulting data for 
such cases together with those for 
the panel without metal-mesh com-
pensation. 

Manufacturing errors may cause 
a transmission loss of within 1 db 
at the center frequency and at the 
vertical incidence for the radome 
with metal-mesh compensation 
while the radome without metal-
mesh compensation reduces the an-
tenna gain by about 2 db. The 
extent of phase irregularities of 
the transmitted wave can also be 
seen in the table, but its effect on 
antenna gain may be disregarded 
because the value near -±A 16 is 
the same order of magnitude as 
expected on a mirror antenna with 
the mirror surface accuracy of -±-X/ 
32 tolerance generally approved. 

Table II tabulates measured gain 
reductions due to the radomes. It 
is evident from the table that gain 

90° 

O. 
GLASS FIBRE CONCENTRA-
TED WITHIN THE CENTRAL 
HALF PORTION OF THE 
TOTAL THICKNESS y  

reductions by the radomes are less 
than that expected for radomes 
without metal-mesh compensation. 
However, they do not differ much 
from those expected for the metal-
mesh compensated panel with the 
worst accumulation of manufac-
turing errors. There might have 
been other causes to reduce the 
apparent gain of the antenna such 
as the forward bending of the an-
tenna mounting tower when the 
radome was mounted—the weight 
of the radome is 130 Kg compared 
with a net antenna weight of 420 
Kg and the weight of direction set-
ting rack of about 150 Kg. 

For these first practical radomes, 
the strict suppression of reflection 
has not been required because the 
antennas are to use circularly-polar-
ized waves. Further, the reflected 
wave from the radome will not di-
rectly return to the feedhorn owing 
to the special shape of the radome. 
No special efforts were made to re-
duce manufacturing errors on these 
radomes to the minimum possible 
values, but following the analysis 
discussed in this article, the trans-
mission line loss can be reduced to 
less than 0.3 db by strict control 
of manufacturing errors. 

S.SHIFT DISTANCE OF THE MESH FROM THE CENTER 
(SHIFT TO THE INCIDENT SIDE +) 

D' 14.5 
90° 

2r-0.2mm, S. 0 D: VARIABLE 
- I 7.5mm, S" r VARIABLE 

0.17.5ram, S.VARIABLE 

FIG. 2—Calculated voltage reflection coefficient of radome (A). Dielectric constant of plate thickness versus calculated 
voltage reflection coefficient, .9,950 Mc vertical incidence, mesh dimensions as designed with • and t varied (B). Mesh 
dimensions versus calculated reflection coefficient, 3,950 Mc, vertical incidence, dielectric plate remaining as designed 
with r, D and S varied (C). In all three, phase angle refers to incident-side surface of dielectric plate 

October 20, 1961 59 



Applications of the 
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FIG. 1—Characteristics of a typi-
cal constant-current diode (A) com-
pared with a germanium junction 
diode (B) 

(A) 

UNSTABILIZED 
INPUT 

UNSTABILIZED 
INPUT 

UNSTABILIZED 
INPUT 

UNSTABILIZED 
INPUT 

CCD 

CCD 

(B) 

FIG. 2—Unmodified (A) and modi-
fied (B) reference circuits. Un-
modified (C) and modified (D) low-
power stabilizers 

Experimental diode reduces the effect of varying supply 

voltages and spurious feedback in low-frequency tran-

sistor circuits. In many cases the diode replaces several 

transistors and associated components 

By T. K. HEMINGWAY, 
Electronics Dept., 

English Electric Aviation Ltd., 

Stevenage, Herts, England 

THE CONSTANT-CURRENT-DIODE was 
first introduced at the British Phys-
ical Society Exhibition in 1960 but 
to date circuit designers have 
shown little interest in this device. 

Although true constant-current-
diodes are presently unobtainable, 
most of the applications described 
here have been tested experimen-
tally and the results quoted. This 
has been possible because a satis-
factory substitute is available, al-
though suitable only at laboratory 
temperatures. 

The results show that improve-
ments in many low-frequency cir-
cuits can be obtained. In some 
cases, such as audio amplifiers, the 
amount of circuitry required to 
meet a given specification can be 
greatly reduced. In decoupling cir-
cuits and voltage stabilizers, re-
sults which were hitherto out of the 
question are easily obtained. 
A typical constant-current diode 

characteristic is shown in Fig. 1A. 
The important parameters are the 
lowest operating voltage, the cur-

rent passed throughout the constant 
current region, the highest operat-
ing voltage and the slope resist-
ance. In Fig. 1A these values are 
0.1, 1 ma, 20 y and 1 megohm re-
spectively. 

Since little work has .been done 
with regard to manufacturing in 
quantity, these figures might be 
quite different in production. 
As the reverse leakage current 

of a large germanium junction di-
ode may be of the order of 1 ma 
and constant over a wide range of 
applied -voltage, this is a suitable 
substitute for the constant-current-
diode. It is not a completely satis-
factory substitute, since a physi-
cally large diode is required to ob.' 
tain useful amounts of current, and 
its characteristics are extremely 
temperature-dependent. 

In most applications, the actual 
value of the constant current is un-
important and a drift of -± 30 per-
cent can be tolerated. Although 
high-temperature operation is im-
practicable with the substitute, nor-
mal laboratory temperature varia-
tions can be tolerated. This sub-
stitute has proved invaluable for 
the practical work required to con-
firm some of the predictions made. 

FIG. 3—Cascaded decoupling circuits with resistor feed (A) and constant-
current diode feed (B) 
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Constant-Current Diode 

The diode used for all the experi-
mental work was the VA713E ger-
manium junction diode for which a 
typical characteristic is shown in 
Fig. 1B. In this case, the slope is 
about 100,000 ohms which is not up 
to the expected slope of the original 
constant current diode, thus the 
circuit results obtained are slightly 
pessimistic. 

In a conventional transistorized 
voltage stabilizer circuit the refer-
ence voltage, with which the final 
output is compared, is obtained by 
a Zener diode as shown in Fig. 2A. 

If the final output from the sta-
bilizer loop is of lower voltage than 
that of the Zener diode, diode cur-
rent has to be supplied from the 
unstabilized bus. As this varies, 
the Zener diode current varies and 
causes a change in Zener voltage so 
that the stabilized output varies as 
the input voltage varies. Compen-
sation can be applied by coupling a 
fraction of the unstabilized input 
into the loop amplifier so as to can-
cel the Zener variation. This has 
the disadvantage that the coupling 
must be adjusted on every unit, as 
Zener diode impedances differ. 
The constant-current-diode may 

be used to solve this problem as 
shown in Fig. 2B, where it replaces 
the Zener diode feed resistor. Zener 
current is now constant for wide 
variations in applied voltage. An 
even more convincing case is shown 
in Figs. 2C and 2D where the Zener 
diode is used as a low power sta-
bilizer. 
The choice o! R, in Fig. 2C is 

FIG. 4—Use of constant-current diode 
circuits (B) and (C) 

+10V 

1 
105V PEAK 

-10V 

October 20, 1961 

Rie600 OHMS „, 5v 
_13EAK 

600 OHM LOAD 

governed by the minimum value of 
V, and the value of R,. In fact, the 
current in R, must exceed that in 
R.. Similarly, in Fig. 2D the con-
stant-current diode current must 
exceed the current in R.. 
Two advantages of Fig. 2D 

against Fig. 2C are that maximum 
permissible V,„ is determined by 
the maximum constant-current di-
ode voltage, rather than maximum 
Zener dissipation (which is low and 
constant in Fig. 2D) and that varia-
tions in V,„ have virtually no effect. 
The two circuits have been com-

pared experimentally using Zener 
diode SX68 (6.8 v), a 12,000-ohm 
load, and R, of 1,000 ohms. For 
V,,, below 7.3 y in Fig. 2C, the 
Zener current falls to zero and the 
diode loses control. At V,„ of 50 v, 
Zener voltage will rise considerably 
and dissipation approaches 300 mw. 
In Fig. 2D, the current passed by 
CCD, will be reasonably constant 
for V,. above 6.9 v, and virtually 
no variation in Zener voltage will 
take place. Experiments have con-
firmed this reasoning. 
As the impedance of a Zener di-

ode is constant over a wide range 
of frequencies, it follows from 
these results that the circuit of 
Fig. 2D is effective for decoupling 
signal circuits and reducing power 
supply ripple. At high frequencies, 
the constant-current diode imped-
ance falls owing to its capacitance 
and the decoupling performance is 
then worse. A capacitor of 1 if in 
parallel with the Zener diode will 
remedy this condition. Since little 

d-c voltage need be lost across the 
constant-current diode, it is quite 
practicable to use two such circuits 
in cascade as in Fig. 3B. The es-
sentral design condition is that 
CCD, should pass more current 
than CCD.. 
The decoupling performance of 

this circuit in comparison with the 
similar circuit using resistors (Fig. 
3A) has been measured and the 
performance of Fig. 3B found to 
be consistently good at all frequen-
cies up to 200 kc giving an attenua-
tion of about 100 db. The Fig. 3A 
version becomes comparable only at 
high frequencies where C, and C, 
become low reactances, and has a 
typical attenuation of 40 db at low 
frequencies. 
The form of decoupling illus-

trated by Fig. 3B is particularly 
useful for preventing spurious feed-
back in amplifiers caused by phase 
shift introduced by an r-c filter, 
and where normal Zener diode de-
coupling is insufficient or gives too 
great a d-c voltage drop. 
The emitter resistor of amplify-

ing stages and emitter followers 
can often be replaced by constant-
current diodes, resulting in much 
less dependence of working point on 
supply voltage. In the case of emit-
ter followers, a gain closer to unity 
is obtained; in emitter-coupled 
pairs, improved rejection of push-
push signals applied to the bases is 
obtained as well as more equal out-
puts from the two collectors. 
A less obvious result is a lower 

transistor dissipation when used as 

in emitter-follower output stages with conventional circuit (A) and modified 

+10V 

—H 

1-51, PEAK 

CCD, 

o, 

ee5V PEAK 

600 OHM LOAD 

(A) -iov 

+10V 

-LIS V PEAK 

(B) - v 

CCO, I 05V 
1PEAK 

600 OHMS LOAD 

(C) 
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Ebb 

(A) 
R1 

(B) 

(C) 

LI 

L2 

L3 

CI 

Rx 

RL 

Ebb 
SI 

C2 

PRIMARY LEAKAGE INDUCTANCE 

SECONDARY LEAKAGE INDUCTANCE 

OPEN CIRCUIT INDUCTANCE 

SHUNT CAPACITANCE 

EXCITING LOSSES 

REFERRED LOAD RESISTANCE 

BATTERY VOLTAGE 

IDEALIZED TRANSISTOR 

INTEGRATING CAPACITOR 

FIG. 2—Equivalent of Jensen out-
put circuit 

FIG. 1—Basic d-c to d-c 
converter circuits include 
Royer (A), Jensen (B) 
and modified Jensen (G) 

By C. J. BIGGERSTAFF, 
Palo Alto Engineering Co.. 
Palo Alto, Calif. 

Reducing Spikes in D-C to 

MANY APPLICATIONS require a high 
voltage from some low voltage d-c 
source and a d-c to d-c converter is 
the obvious circuit selection. How-
ever, one aspect of converter use is 
detrimental to circuit operation— 
spike content in the filtered output. 
This converter was designed to 
change 30 I/ d-c to 325 y d-c with a 
minimum peak-to-peak spike con-
tent in the output. 
The simple converter has a typi-

cal spike output on the order of 100 
mv p-p and is not suitable for this 
application.' A slightly more sophis-
ticated converter produced spike 
contents about half that of the sim-
ple circuit.' The circuit used is a 
modification of the Jensen circuit 
and is shown in Fig. 1. 

Causes of spike generation are 
leakage inductance in the trans-
former, storage time in the transis-
tors, shunt capacitance and rectifier 
switching or commutation in the 
output rectifier circuit. The best de-
sign approach is to minimize these 

effects and obtain less abrupt 
switching in the power transistors 
while still getting reasonable oper-
ating efficiencies. Filtering out the 
spikes is no simple matter because 
of frequency spectrum composition 
of the spikes and cost considera-
tions. The best way to minimize 
amplitude is to prevent spike 
generation rather than filtering. 
The equivalent circuit of the 

Jensen converter, Fig. 2, shows 
that the leakage inductance of the 
coupling transformer is one of the 
main causes of switching spikes. 
Spike amplitude at the output is 
—L di/dt times the turns ratio of 
the transformer, a ten-to-one step 
up. The abruptness of the switching 
transition has a direct bearing on 
this spike. This suggests that inte-
gration of the square wave would 
sufficiently soften the switching 
characteristic and reduce spike 

content. 
An energy storage element (C,) 

for the transformer's collapsing 

field after a transistor has 
switched state and low-leakage, 
low-capacitance transformer design 
bring about a sufficient decrease in 
spike content to make the supply 

useful. 
In the final circuit (Fig. 3) 

transistors with a high alpha cut-
off frequency and loading networks 
across the output bridge rectifiers 
help reduce spike content. The 
networks reduce diode switching 

effects. 
The timing transformer satu-

rates at the proper volt-second 
product to achieve 1-kc timing. 
This saturable transformer was de-
signed around a material with a 
fairly low B,./B. ratio. A more 
"square" material gives greater 
spike content because of more 

abrupt core switching. Linear cou-
pling transformer Ti uses C-core 
construction to give a large pri-
mary inductance, aiding the inte-
gration effect of C, and C, across 
the primary of the transformer. 
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Constant-Current Diode 

1 
k 

The diode used for all the experi-
mental work was the VA713E ger-
manium junction diode for which a 
typical characteristic is shown in 
Fig. 1B. In this case, the slope is 
about 100,000 ohms which is not up 
to the expected slope of the original 
constant current diode, thus the 
circuit results obtained are slightly 
pessimistic. 

In a conventional transistorized 
voltage stabilizer circuit the refer-
ence voltage, with which the final 
output is compared, is obtained by 
a Zener diode as shown in Fig. 2A. 

If the final output from the sta-
bilizer loop is of lower voltage than 
that of the Zener diode, diode cur-
rent has to be supplied from the 
unstabilized bus. As this varies, 
the Zener diode current varies and 
causes a change in Zener voltage so 
that the stabilized output varies as 
the input voltage varies. Compen-
sation can be applied by coupling a 
fraction of the unstabilized input 
into the loop amplifier so as to can-
cel the Zener variation. This has 
the disadvantage that the coupling 
must be adjusted on every unit, as 
Zener diode impedances differ. 
The constant-current-diode may 

be used to solve this problem as 
shown in Fig. 2B, where it replaces 
the Zener diode feed resistor. Zener 
current is now constant for wide 
variations in applied voltage. An 
even more convincing case is shown 
in Figs. 2C and 2D where the Zener 
diode is used as a low power sta-
bilizer. 
The choice of R, in Fig. 2C is 

FIG. 4— Use of constant-current diode 
circuits (B) and (C) 

governed by the minimum value of 
V,„ and the value of R,. In fact, the 
current in R, must exceed that in 
R,. Similarly, in Fig. 2D the con-
stant-current diode current must 
exceed the current in R„. 
Two advantages of Fig. 2D 

against Fig. 2C are that maximum 
permissible V,. is determined by 
the maximum constant-current di-
ode voltage, rather than maximum 
Zener dissipation (which is low and 
constant in Fig. 2D) and that varia-
tions in V,„ have virtually no effect. 
The two circuits have been com-

pared experimentally using Zener 
diode SX68 (6.8 N), a 12,000-ohm 
load, and R, of 1,000 ohms. For 
V,,, below 7.3 IT in Fig. 2C, the 
Zener current falls to zero and the 
diode loses control. At V,„ of 50 v, 
Zener voltage will rise considerably 
and dissipation approaches 300 mw. 
In Fig. 2D, the current passed by 
CCD, will be reasonably constant 
for V,. above 6.9 v, and virtually 
no variation in Zener voltage will 
take place. Experiments have con-
firmed this reasoning. 
As the impedance of a Zener di-

ode is constant over a wide range 
of frequencies, it follows from 
these results that the circuit of 
Fig. 2D is effective for decoupling 
signal circuits and reducing power 
supply ripple. At high frequencies, 
the constant-current diode imped-
ance falls owing to its capacitance 
and the decoupling performance is 
then worse. A capacitor of 1 id in 
parallel with the Zener diode will 
remedy this condition. Since little 

in emitter-follower output stages with 

d-c voltage need be lost across the 
constant-current diode, it is quite 
practicable to use two such circuits 
in cascade as in Fig. 3B. The es-
sentfal design condition is that 
CCD, should pass more current 
than CCD,. 
The decoupling performance of 

this circuit in comparison with the 
similar circuit using resistors (Fig. 
3A) has been measured and the 
performance of Fig. 3B found to 
be consistently good at all frequen-
cies up to 200 kc giving an attenua-
tion of about 100 db. The Fig. 3A 
version becomes comparable only at 
high frequencies where C1 and C. 
become low reactances, and has a 
typical attenuation of 40 db at low 
frequencies. 
The form of decoupling illus-

trated by Fig. 3B is particularly 
useful for preventing spurious feed-
back in amplifiers caused by phase 
shift introduced by an r-c filter, 
and where normal Zener diode de-
coupling is insufficient or gives too 
great a d-c voltage drop. 
The emitter resistor of amplify-

ing stages and emitter followers 
can often be replaced by constant-
current diodes, resulting in much 
less dependence of working point on 
supply voltage. In the case of emit-
ter followers, a gain closer to unity 
is obtained; in emitter-coupled 
pairs, improved rejection of push-
push signals applied to the bases is 
obtained as well as more equal out-
puts from the two collectors. 
A less obvious result is a lower 

transistor dissipation when used as 

conventional circuit (A) and modified 
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am emitter follower supplying a 
heavy external load. Figure 4A 
ehows an example where an output 
of 5 y peak is required in a 600-ohm 
load, with ± 10 y supplies. When 
the input signal reaches its posi-
tive peak of + 5 y the load current 
is 8.33 ma. The drop across R, is 
now 5 y and in order that Q, is not 
cut off, R, must pass more than 8.33 
ma. Thus, R, should be less than 
600 ohms. Under quiescent condi-
tions, Q1 emitter is near zero and so 
standing current is 16.7 ma and 
transistor dissipation 166 mw. 

In Fig. 4B, R, is replaced by CCD, 
which must pass 8.33 ma as ex-
plained previously. In this case 
quiescent dissipation will be 83 mw. 
Thus, power consumption is halved 
and as the signal load is 600 ohms 
instead of 300 ohms the voltage 
gain is nearer unity (typically 
0.975 instead of 0.95 for an 0072 
in the circuit described). 

Finally, one of the main difficul-
ties associated with a high current 
output stage of this type is the 
amount of ripple produced on the 
supply lines. This can be overcome 
by a further simple modification il-
lustrated in Fig. 4C. The current 
values of CCD, and CDD, are 
chosen so that neither the transis-
tor nor the Zener diode cuts off on 
positive and negative input swings 
respectively. 
The circuits described have been 

tried only at low current values 
owing to the limited currents avail-
able from the VA713 diodes used. 

In amplifier circuits where the 
collector voltage is defined by an ex-
ternal loop, 'the collector load can be 
replaced by a constant-current di-
ode to give greatly increased gain. 
The gain of a grounded-emitter 
amplifier with a large collector load 
approaches r, divided by n, 
( using T equivalent circuit parame-
ters), a value of 700 to 1,000 for 
most small-signal transistors. This 
is the order of gain achieved in 
practice using the constant-current 
diode as described. The test circuit 
is shown in Fig. 5. 

In most cases, the amplifier sup-
plies an external load which appears 
in parallel with the constant-
current d'iode and reduces the gain. 
This effect can be removed by iso-
lating the load from the collector 
circuit with emitter followers, but 

+V(•.2.+9VOLTS) 
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¡Gaut 

25 

R1 
62K R2 

53 
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(45)(,) 
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'DETERMINED 
D-C, 

DETERMINED BY 
Ro rie AND +V 

FIG. 5—With resistive load, gain is 45; with constant-current diode load, 
gain increases to 750 

in some applications it would be 
more economical to use the transis-
tors in two normal amplifying 
stages. 
However, where emitter follow-

ers must be present for other rea-
sons, advantage can be taken of the 
new circuit. One such circuit is the 
conventional voltage stabilizer, 
where the main amplifier has to be 
followed by emittei. followers to 
reduce the fraction of .d-c load cur-
rent. flowing in the collector load of 
the amplifier. A typical circuit is 
shown in Fig. 6A; here the gain of 
the amplifier is typically about 30. 
If a lower output resistance is re-
quired, the only successful modifi-
cation (other than applying posi-
tive feedback within the amplifier, 
which reduces the bandwidth) is to 
add an additional ainplifler. When 
coupling losses are taken into ac-
count, the overall gain will hardly 
exceed 500. 
The simple modification shown in 

Fig. 6B immediately raises the gain 
to about 700. The disadvantage is 
that frequency response is reduced 
owing to ca'pacitance strays (par-
ticularly collector capacitance) in 
parallel with the collector load, 
which now approaches 1-megohm. 
However, with transistor types 
usually employed in this kind of 
circuit, frequency response is 
mainly determined by cutoff fre-
quency, even with such a high col-
lector lqad, so that little deteriora-
tion is actually observed. 

Note that in this stabilizer cir-
cuit, the collector voltage of Q, is 
defined by the overall loop connected 
back to its base. If this were not 
so, the quiescent collector potential 
of Q, would be unknown, as at any 
voltage over a wide range CCD, 

would still pass the same current. 
The problem illustrated in Fig. 

7A is the familiar requirement of 
a large output voltage swing with 
limited supply voltages. The usual 
solution is to operate the final tran-
sistor near the positive supply 
voltage, thus allowing the collector 
a large swing. The difficulty lies in 
coupling signals into this transis-
tor. The illustrated Zener diode 
coupling is usual but the necessity 
for resistor R causes a drop in gain 
of the previous stage unless an 

emitter follower is inserted. 
Replacing of R by a constant-

current diode immediately solves 
the problem. If R„ R, and R, are 
also replaced by constant-current 
diodes, the circuit is independent 
of the positive line and spurious 
feedback over this line eliminated. 

Figure 7B shows a simple circuit 
for producing a ramp function from 
an input step. Using this principle, 
almost any circuit for producing ex-
ponential waveforms can be made 
to give linear functions without the 
use of Miller or bootstrap circuits. 
The use of two diodes in series, 
back to back, enables either direc-
tion of current to be handled. 
A somewhat similar application 

for a clipping circuit is shown in 
Fig. 7C where a Zener diode is be-
ing used as the clipping element. 
Normally a series resistor is used, 
but for sine-wave inputs this re-
sults in curved upper and lower lim-
its on the output signal. This is due 
to the variation in Zener current 
during input peaks and troughs. A 
constant-current-diode provides a 

simple solution, the resulting wave-
form being quite square. 

Figure 7D is a modified version 
of the conventional stabilizer cir-
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FIG. 6— Voltage stabilizer (A) and high-gain voltage stabilizer (B) showing asf ,t constant-(, , ,t (1.(7( (I ti 
collector load 

cuit of Fig. 6A, using many of the 
features described above. With the 
circuit values shown in Fig. 6A and 
Fig. 7D, the performance of each 
circuit is shown graphically in 
Fig. 8. 
The improvement is obvious, and 

to achieve a similar result with con-
ventional techniques, at least one 
extra stage of gain would be re-
quired in Fig. 6A with consequent 
complications in preventing oscilla-
tions round the feedback loop. 

Further advantage of the use of 
constant-current-diodes in this type 
of circuit become evident when con-
sidering the typical requirement of 
an adjustable stabilized output volt-
age. In Fig. 6A there are two ways 
of achieving a variable output. One 
is to place a potentiometer in paral-
lel with the Zener diode and take 
the base of Qi to the slider. Another 
is to vary the ratio of R. to R„. 
The first method has a serious 

disadvantage. As the output is ad-
justed to a low level (near ground) 
the current in R, is reduced and the 
current in R, is increased. As soon 
as these currents become equal, Qi 
cuts off and stabilization is lost. 
Thus, the possible range of control 
by this means is limited, 
The second method has the 

equally troublesome feature that 
the gain of the feedback loop and 
therefore the phase angle and mag-
nitude of the output impedance 
vary according to the output volt-
age setting. In Fig. 7D, the first 
method can be used with no disad-
vantage as the currents in CCD. 
and CDD, remain constant and the 
minimum possible stabilized output 
will be determined only by the mini-
mum operating voltage (approxi-
mately 0.1 NO of diode CCD.. 
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FIG. 2—Equivalent of Jensen out-
put circuit 

FIG. 1—Basic d-c to cl-c 
converter circuits include 
Royer (A), Jensen (B) 
and modified Jensen (G) 

By C. J. BIGGERSTAFF, 
Palo Alto Engineering Co., 
Palo Alto, Calif. 

Reducing Spikes in D-C to 

MANY APPLICATIONS require a high 
voltage from some low voltage d-c 
source and a d-c to d-c converter is 
the obvious circuit selection. How-
ever, one aspect of converter use is 
detrimental to circuit operation— 
spike content in the filtered output. 
This converter was designed to 
change 30 y d-c to 325 y d-c with a 
minimum peak-to-peak spike con-
tent in the output. 
The simple converter has a typi-

cal spike output on the order of 100 
my p-p and is not suitable for this 
application.' A slightly more sophis-
ticated converter produced spike 
contents about half that of the sim-
ple circuit.' The circuit used is a 
modification of the Jensen circuit 
and is shown in Fig. 1. 

Causes of spike generation are 
leakage inductance in the trans-
former, storage time in the transis-
tors, shunt capacitance and rectifier 
switching or commutation in the 
output rectifier circuit. The best de-
sign approach is to minimize these 

effects and obtain less abrupt 
switching in the power transistors 
while still getting reasonable oper-
ating efficiencies. Filtering out the 
spikes is no simple matter because 
of frequency spectrum composition 
of the spikes and cost considera-
tions. The best way to minimize 
amplitude is to prevent spike 
generation rather than filtering. 
The equivalent circuit of the 

Jensen converter, Fig. 2, shows 
that the leakage inductance of the 
coupling transformer is one of the 
main causes of switching spikes. 
Spike amplitude at the output is 
—L di/dt times the turns ratio of 
the transformer, a ten-to-one step 
up. The abruptness of the switching 
transition has a direct bearing on 
this spike. This suggests that inte-
gration of the square wave would 
sufficiently soften the switching 
characteristic and reduce spike 
content. 
An energy storage element (C,) 

for the transformer's collapsing 

field after a transistor has 
switched state and low-leakage, 
low-capacitance transformer design 

bring about a sufficient decrease in 
spike content to make the supply 

useful. 
In the final circuit (Fig. 3) 

transistors with a high alpha cut-
off frequency and loading networks 
across the output bridge rectifiers 
help reduce spike content. The 
networks reduce diode switching 
effects. 
The timing transformer satu-

rates at the proper volt-second 
product to achieve 1-kc timing. 
This saturable transformer was de-
signed around a material with a 
fairly low B,./B, ratio. A more 
"square" material gives greater 
spike content because of more 
abrupt core switching. Linear cou-
pling transformer Ti uses C-core 
construction to give a large pri-
mary inductance, aiding the inte-
gration effect of C, and C, across 
the primary of the transformer. 
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D-C Converter Outputs 

Loop gain of the Jensen converter 
is adjusted for optimum oscillatory 
conditions over the temperature 
range by The R-C speed-up net-
works in the base circuits of Q, and 
Q, were deleted. Current limiting is 
obtained by starting resistor 
The secondary winding resistance 
of SR, is purposely made high to 
aid in base current limiting. 
Time constant of the integrator 

consisting of the primary induc-
tance of T, and C, and C, is suffi-
cient to reduce the output spike 
from 45 mv to 4 mv peak to peak. 
The rms content at the output is 
approximately one-sixth of this 
figure. Filtered frequency is about 
2 kc depending upon input voltage. 

Overall regulation of the output 
is achieved through the control loop 

amplifier. The a-c error voltage 
from the output transformer is rec-
tified and filtered. In the d-c ampli-
fier this filtered output is compared 
to a Zener diode reference. Output 
of the d-c amplifier controls Q. 

Regulation is a function of loop 
amplifier gain and reference sta-
bility. 

Coupling transformer T, is, in 
effect, a pulse transformer. Its pri-
mary inductance must be chosen on 
the basis of waveform droop (per-
cent droop = 50 RL(t-10) /4). Here, 
R, is the reflected load impedance, 
(t-t.) the switching time and L, 
the desired primary inductance. ° A 
satisfactory droop is 10 percent. 
Once the primary inductance is 
known, then the value of the capaci-
tance may be found by calculating 
the amount of integration or slow-
up desired. Overall effect of inte-
gration must be determined experi-
mentally because of the large 
number of variables. Minimizing 
both leakage flux and capacitive 
coupling are incompatible, however 
several approaches achieve an ac-
ceptable compromise. 

Selection of the core for mini-
mum core loss and maximum per-
meability is the first requisite. A 

+325V 

325 V 

+325V 

325V 

C-type core of 2 or 4-mil gage 
thickness, can be used. Since both 
leakage and capacitive problems 
are a function of the core-coil ge-
ometry, care must be given to the 
winding layout. A double-coil ar-
rangement using both legs of the 
C-core should be used. Two identical 
coils are wound. On each coil & the 
total secondary turns is wound 
above and below the total primary 
turns. Then after assembly of the 
core, the two coils are tied together 
so that both sections of the primary 
and all four of the secondary sec-
tions are in series. Electrostatic 
shielding of 1 or 2-mil copper foil 
is used between each section of the 
primary and secondary windings. 

REFERENCES 
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(2) J. L. Jensen, An Improved Square 
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FIG. 1—Typical volt-
age-current character-
istic of the tunnel diode, 
(A); the basic three-
terminal memory ele-
ment using tunnel diode 
and ordinary diode, (B) 

High-Speed Memory 

Modern computer memory with 272-bit capacity 

operates at 5 megacycles, uses tunnel diodes in 

bistable three-terminal arrangement 

By SHIGERU TAKAHASHI and OSAMU ISHII, 
Llectrotechnical Laboratory, Tokyo, Japan 

DIGITAL COMPUTER speed has always 
been memory-limited. In these 
days 10-Mc logical circuits are com-
mon, but 1-Mc operation of a fer-
rite core storage matrix is still 
difficult. Computers of newer de-
sign, therefore, tend to have small-
capacity high-speed memories such 
as diodes and capacitors, thin mag-
netic films, or multipath biased fer-
rite cores, besides their main core 

storage. 
The ETL Mk-6, a high-speed 

computer under development at the 
Governmental Electrotechnical Lab-
oratory of Japan, will also use such 
a high-speed memory for storing 
a program segment, intermediate 
data and indexes. This is a tun-
nel-diode memory that operates at 
5 Mc. A Pilot model of the Mk-6 
(Mk-6P) is under construction to 
experiment with a memory of this 
type as well as other new devices 
such as Kilburn's adder and a ca-
pacitance-type fixed memory. The 
photograph shows the Mk-6P's tun-
nel-diode memory of 272-bit capac-
ity (16 words of 17 bits each). 
The tunnel diode has a well-

known voltage-current characteris-
tic with a negative-resistance re-
gion as shown in Fig. 1A. A simple 
bistable circuit consisting of one 
tunnel diode and one resistor to 
store one bit of information can 
be obtained by choosing appropri-
ate bias voltage and resistance. The 
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FIG. 2—Matrix config-
uration of the memory 
(A); access is through 
word lines A, B and 
digit lines C; wave-
forms appearing at the 
three terminals, (B), 
for the "read", "write 
0" and "write 1" posi-
tions 

Uses Tunnel Diode Circuit 
authors proposed a three-terminal 
memory element as shown in Fig. 
113 1. 2. The third terminal C is tied 
to a read-out amplifier and the or-
dinary point-contact diode at this 
terminal provides means of selec-
tion among all the elements con-
nected to the same amplifier. 
A matrix consisting of the above 

elements was also proposed by the 
authors, and an improved version, 
shown in Fig. 2A, was proposed by 
K. Nakazawa and K. Murata of 
Hitachi, Ltd.' All the A terminals 
of the elements of a word are con-
nected to a word line A, and all the 
B terminals to a word line B, all 
the C terminals of the elements at 
the same bit position are connected 

to a digit line C. Lines A, B and C 
are connected to the respective 
drivers, and line C is also tied to a 
read-out amplifier. 

Figure 2B shows waveforms that 
appear on these lines during writ-
ing-in and reading-out. Consider 
first the read-out process. In ac-
cordance with the address signal, 
a word line driver B is selected and 
a negative pulse is applied to the 
corresponding word line. When an 
element stores zero, its selection di-
ode is turned on with the result 
that the potential of the corres-
ponding digit line C drops. When 
an element stores one, its selection 
diode remains cut off and nothing 
happens. The change of the digit 

line potential is detected by the 
read-out amplifier. The operation 
does not destroy the memory con-
tent if the pulse amplitude on line 
B is appropriate. (Fig. 3A). 

Next, consider the writing-in 
operation. The same negative pulse 
is applied to the selected word line 
B, but at the same time the volt-
age source feeding the correspond-
ing word line A is cut off. After all 
the elements connected to these 
word lines are thus reset to zero, 
a positive pulse is applied to the 
digit line C which has the element 
that should be written in as one. 
The amplitude of this pulse must 
be so chosen that for the selected , 
element it is sufficient to give a 

FIG. 3—Voltage-current excursions during the reading-out and writing-in process, (A): "read" is point 1 on the 
curves; "write ZERO" is point 2; "write ONE" is point 3; and half-select is point 4. In positions 1, 2 and 3 the tunnel 
diode is forward biased by positive voltage on word line A; this is shown by displacing the characteristic curve with 
respect to that for position 4. Schematic drawing of memory-plane structure and word lines, (B) 
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tunnel-diode current exceeding I, 
(Fig. 1A) and for the unselected 
element it is small enough to keep 
it below 

Figure 3B shows the actual 
structure of the matrix plane. All 
the word and digit lines are asym-
metric micro-strip lines printed on 
epoxide boards. 

Line impedances of A, B and C 
are 150, 50 and 200 ohms respec-
tively, including the effect of stray 
capacitances of elements and back-
ward capacitances of selection di-
odes. 
The size of the matrix plane is 

17.5 x 22.5 cm. In this experi-
ment larger tunnel diodes were 
employed because of the lack of 
stability in smaller units. How-
ever, smaller tunnel diodes with 
improved stability are now avail-
able, and the siz of the matrix 
plane for the same capacity can 
be decreased to 9.5 x 8.5 cm. 

Figure 4 shows the circuit detail 
of the driver and read-out ampli-
fier. 

In this memory, as in almost all 
thin magnetic film memories, the 
speed is circuit-limited. The mem-
ory element can be set or reset 
within 10 nanoseconds, but the ac-
cess time including the circuit de-
lay is 100 ns and the cycle time is 
200 ns. 

Figure 5 shows the waveforms 

at various points in the memory 
system. 

Since the basic circuit of Mk-6P 
is synchronized to 5-Mc two-phase 
clock pulses, the cycle time is de-
liberately chosen to be equal to the 
clock pulse interval. 
One of the strong points of this 

type of memory is that both the 
input signal level to the read-out 
amplifier and the power level re-
quired at the digit line driver 
do not depend as much upon the 
size of memory as they do in the 
tunnel diode memories previously 
reported' .5. Therefore the memory 
speed is limited only by its physical 
size. 

In ETL Mk-6 this type of mem-
ory of 128-word capacity will be 
employed. 
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TRANSISTORIZED SINE WAVE INVERTER — 
The QISB. a rugged, low-cost, compact 
inverter, provides up to 60 VA of 115V 
AC at 60 or 400 cycles from a DC source. 
Output will not 
vary more than 
-±3% with load 
variations. The 
QISB is easy to in-
stall and starts in-
stantly. It has no 
moving parts and 
is not damaged by 
momentary over-
loads or output 
shorts. 

3-PHASE FREQUENCY CHANGER—The 

FCR 3P300 variable frequency power 
source supplies 0-130 volts line to neutral; 
300 VA 3-phase, 200 VA 2-phase, or 300 

VA single phase 
with -±1% regu-
lation for both 
output fre-
quency and volt-
age. Frequency 
may be varied 
from 45 to 2000 
cps in two 
ranges. Suitatile 
for many labo-
ratory and in-
dustrial applica-
tions. 

A UNIT OF 

Regulated, variable-output 

B SUPPLIES 

2 voltage ranges at 200, 400 and 800 MA 

Close regulation, constant current output and provisions for ex-
ternal programming distinguish these versatile new B Supplies. 
Available with 125-325 VDC or 325-525 VDC output, they also 
provide 6.5 VAC for powering external tube filaments. Mechani-
cally designed for easy access to tubes and circuits, all models are 
designed for standard 19" rack mounting and include front-panel 
output voltmeters and ammeters. These compact new plate and 
filament supplies are ideal for use in a broad variety of industrial 
and laboratory electronic equipment. Ask for complete specifica-
tions and literature. 

SPECIFICATIONS 

INPUT VOLTS: 

DC OUTPUT VOLTS: 

DC OUTPUT CURRENT (MA): 

LINE & LOAD REGULATION COMBINED: 

RIPPLE: 

AC OUTPUT VOLTS (uregulated): 

RAYTHEON 

105-125 volts AC 50-400 Cycles All Models 

125-325 V DC or 325-525 V DC 

200, 400 or 800 

(0.1% .05 V) 

3 millivolts RMS 

6.5 V (at hill load, 116 V AC lope) 

COMPANY ouge 

RICHARDS AVENUE • SOUTH NORWALK • CONNECTICUT 
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RESEARCH AND DEVELOPMENT 

Observing Missile Plumes With Image Tubes 

By M. E. SEYMOUR 
General Electric Co.. 
Advanced Electronics Center, 
Ithaca, N. Y. 

FEASIBILITY of low-altitude applica-
tions of visible and infrared image 
tubes can be predicted to some ex-
tent. Relative spectral characteris-
tics of a missile target and sky 
background irradiance and of at-
mospheric absorption and scatter-
ing losses vary over wide ranges of 
values. These factors are complex 
functions of many other parame-
ters, and experimental data is not 
fully explained by theories. Al-
though feasibility would be best 
determined experimentally, consid-
eration of some factors permits lim-
ited prediction of feasibility in low-
altitude applications. 

Present knowledge of ballistics 
missile radiation based on theory 
and field measurements is limited. 
Radiation during the launch phase 
is not well understood because at-
mospheric effects cannot be cor-
rected in the strong absorption 

0.4 -0.6µ 0.5-4 

IMAGE ORTHICONS 

2-4µ 

IR VIDICONS 

Signal-to-noise ratio of image tubes 
is shown as a function of wave-
length 
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bands which correspond closely to 
the plume emission bands where 
radiation intensity is highest. Ra-
diation from present missiles is 
considerably greater than that ex-
pected from advanced models. 

At low altitudes, plume radiation 
intensity from combustion of car-
bonaceous fuels in a large booster 
appears typically to be in the mega-
watt-per-steradian range. It has 
more of a blackbody-type spectral 
distribution than at high altitudes. 
Other type fuels produce band radi-
ation of lesser intensity. 
Plume structure changes mark-

edly with altitude but little data 
has been obtained about it, particu-
larly as a function of wavelength. 
It is generally agreed that the in-
frared plume is larger than the vis-
ible plume, and typical plume tem-
perature is 2,000 K. 

Spectral distribution of sky and 
cloud background is not much dif-
ferent from the solar spectrum at 
wavelengths below 3 microns. 
Clear-sky radiance near the sun 
falls off more rapidly with angular 
distance from the sun at longer 
wavelengths, but some effects of 
scattering are still evident at wave-
lengths beyond 3 microns. 

Brightness during heavy over-
casts is apparently reduced at 

wavelengths below 0.7 microns and 
above 1.4 microns. Sky radiance 
varies at least an order of magni-
tude at different geographical loca-
tions, even for the same angles 
from the sun and the zenith. Alti-
tude and dust in the air are signifi-
cant, with large quantities of dust 
or haze producing a spectrum not 
as steep as the solar spectrum. 
Sky radiation beyond 4 microns 

approaches a blackbody spectrum at 
the temperature of the atmosphere, 
particularly at low elevation angles 
and during overcasts. Data from 
all available references are in sub-
stantial agreement but only one 
bridges the spectral range from 
visible to near infrared. The gen-
eral conclusion' 2 that infrared has 
no advantage over visible wave-
lengths in typical heavy fog still 
seems valid. The advantage be-
comes significant only with better 
visibility. 

Recent comparisons of theory 
and measurements are interesting 
for haze conditions." In a cloud-
less atmosphere, the region around 
3.7 microns seems to have the high-
est absolute transmissivity consid-
ering both molecular absorption by 
carbon dioxide and scattering from 
water and haze. 
Two image orthicons and two 
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FIG. 3—Output of the two 325-v supplies totals 12 watts. Voltage varies ± 10 volts 

D-C Converter Outputs 

Loop gain of the Jensen converter 
is adjusted for optimum oscillatory 
conditions over the temperature 
range by R.. The R-C speed-up net-
works in the base circuits of Q, and 
Q. were deleted. Current limiting is 
obtained by starting resistor R,. 
The secondary winding resistance 
of SR, is purposely made high to 
aid in base current limiting. 
Time constant of the integrator 

consisting of the primary induc-
tance of T, and C, and C2 is suffi-
cient to reduce the output spike 
from 45 mv to 4 mv peak to peak. 
The rms content at the output is 
approximately one-sixth of this 
figure. Filtered frequency is about 
2 kc depending upon input voltage. 

Overall regulation of the output 
is achieved through the control loop 
amplifier. The a-c error voltage 
from the output transformer is rec-
tified and filtered. In the d-c ampli-
fier this filtered output is compared 

to a Zener diode reference. Output 
of the d-c amplifier controls Q.. 

Regulation is a function of loop 
amplifier gain and reference sta-
bility. 

Coupling transformer T, is, in 
effect, a pulse transformer. Its pri-
mary inductance must be chosen on 
the basis of waveform droop (per-
cent droop = 50 R,(t-t.)/L,). Here, 
R, is the reflected load impedance, 
(t-to) the switching time and L, 
the desired primary inductance.' A 
satisfactory droop is 10 percent. 
Once the primary inductance is 
known, then the value of the capaci-
tance may be found by calculating 
the amount of integration or slow-
up desired. Overall effect of inte-
gration must be determined experi-
mentally because of the large 
number of variables. Minimizing 
both leakage flux and capacitive 
coupling are incompatible, however 
several approaches achieve an ac-
ceptable compromise. 

Selection of the core for mini-
mum core loss and maximum per-
meability is the first requisite. A 

+ 325 V 

325 V 

+ 325V 

325v 

C-type core of 2 or 4-mil gage 
thickness, can be used. Since both 
leakage and capacitive problems 
are a function of the core-coil ge-
ometry, care must be given to the 
winding layout. A double-coil ar-
rangement using both legs of the 
C-core should be used. Two identical 
coils are wound. On each coil .1 the 
total secondary turns is wound 
above and below the total primary 
turns. Then after assembly of the 
core, the two coils are tied together 
so that both sections of the primary 
and all four of the secondary sec-
tions are in series. Electrostatic 
shielding of 1 or 2-mil copper foil 
is used between each section of the 
primary and secondary windings. 

REFERENCES 
(1) G. H. Royer, et al, Transistors 

as On-Off Switches in Saturable Core 
Circuits, Elec 3fig, Dec., 1954. 

(2) J. L. Jensen, An Improved Square 
Wave Oscillator Circuit, IRE-PGCT Trans, 
1957. 

(3) P. R. Gillete, et al, Pulse Trans-
former Design, Part III, Stanford Re-
search Institute, Project 782, 1955. 
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FIG. 1—Typical volt-
age-current character-
istic of the tunnel diode, 
(A); the basic three-
terminal memory ele-
ment using tunnel diode 
and ordinary diode, (B) 

High-Speed Memory 

Modern computer memory with 272-bit capacity 

operates at 5 megacycles, uses tunnel diodes in 

bistable three-terminal arrangement 

By SHIGERU TAKAHASHI and OSAMU ISHII, 
Electrotechnical Laboratory, Tokyo, Japan 

DIGITAL COMPUTER speed has always 
been memory-limited. In these 
days 10-Mc logical circuits are com-
mon, but 1-Mc operation of a fer-
rite core storage matrix is still 
difficult. Computers of newer de-
sign, therefore, tend to have small-
capacity high-speed memories such 
as diodes and capacitors, thin mag-
netic films, or multipath biased fer-
rite cores, besides their main core 
storage. 
The ETL Mk-6, a high-speed 

computer under development at the 
Governmental Electrotechnical Lab-
oratory of Japan, will also use such 
a high-speed memory for storing 
a program segment, intermediate 
data and indexes. This is a tun-
nel-diode memory that operates at 
5 Mc. A p'ilot model of the Mk-6 
(Mk-6P) is under construction to 
experiment with a memory of this 
type as well as other new devices 
such as Kilburn's adder and a ca-
pacitance-type fixed memory. The 
photograph shows the Mk-6P's tun-
nel-diode memory of 272-bit capac-
ity (16 words of 17 bits each). 
The tunnel diode has a well-

known voltage-current characteris-
tic with a negative-resistance re-
gion as shown in Fig. 1A. A simple 
bistable circuit consisting of one 
tunnel diode and one resistor to 
store one bit of information can 
be obtained by choosing appropri-
ate bias voltage and resistance. The 

11 
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FIG. 2—Matrix config-
uration of the memory 
(A); access is through 
word lines A, B and 
digit lines C; wave-
forms appearing at the 
three terminals, (B), 
for the "read", "write 
0" and "write 1" posi-
tions 

Uses Tunnel Diode Circuit 
authors proposed a three-terminal 
memory element as shown in Fig. 
113'. 9. The third terminal C is tied 
to a read-out amplifier and the or-
dinary point-contact diode at this 
terminal provides means of selec-
tion among all the elements con-
nected to the same amplifier. 
A matrix consisting of the above 

elements was also proposed by the 
authors, and an improved version, 
shown in Fig. 2A, was proposed by 
K. Nakazawa and K. Murata of 
Hitachi, Ltd.' All the A terminals 
of the elements of a word are con-
nected to a word line A, and all the 
B terminals to a word line B, all 
the C terminals of the elements at 
the same bit position are connected 

to a digit line C. Lines A, B and C 
are connected to the respective 
drivers, and line C is also tied to a 
read-out amplifier. 

Figure 2B shows waveforms that 
appear on these lines during writ-
ing-in and reading-out. Consider 
first the read-out process. In ac-
cordance with the address signal, 
a word line driver B is selected and 
a negative pulse is applied to the 
corresponding word line. When an 
element stores zero, its selection di-
ode is turned on with the result 
that the potential of the corres-
ponding digit line C drops. When 
an element stores one, its selection 
diode remains cut off and nothing 
happens. The change of the digit 

line potential is detected by the 
read-out amplifier. The operation 
does not destroy the memory con-
tent if the pulse amplitude on line 
B is appropriate. (Fig. 3A). 

Next, consider the writing-in 
operation. The same negative pulse 
is applied to the selected word line 
B, but at the same time the volt-
age source feeding the correspond-
ing word line A is cut off. After all 
the elements connected to these 
word lines are thus reset to zero, 
a positive pulse is applied to the 
digit line C which has the element 
that should be written in as one. 
The amplitude of this pulse must 
be so chosen that for the selected , 
element it is sufficient to give a 

FIG. 3—Voltage-current excursions during the reading-out and writing-in process, (A): "read" is point 1 on the 
curves; "write ZERO" is point 2; "write ONE" is point 3; and half-select is point 4. In positions 1, 2 and 3 the tunnel 
diode is forward biased by positive voltage on word line A; this is shown by displacing the characteristic curve with 
respect to that for position 4. Schematic drawing of memory-plane structure and word lines, (B) 
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FIG. 4—Circuit of driver and readout amplifiers, showing where connections are made 
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FIG. 5 — Waveforms at various 
points of memory operation: Read 
or write order, (A); clock I, (B); 
ZERO signal, (C); ONE signal, 
(D); ZERO output, (E); clock II, 
(F). Horizontal scale is 100 nano-
seconds per division 

tunnel-diode current exceeding I,, 
(Fig. 1A) and for the unselected 
element it is small enough to keep 
it below I„. 

Figure 3B shows the actual 
structure of the matrix plane. All 
the word and digit lines are asym-
metric micro-strip lines printed on 
epoxide boards. 

Line impedances of A, B and C 
are 150, 50 and 200 ohms respec-
tively, including the effect of stray 
capacitances of elements and back-
ward capacitances of selection di-
odes. 
The size of the matrix plane is 

17.5 x 22.5 cm. In this experi-
ment larger tunnel diodes were 
employed because of the lack of 
stability in smaller units. How-
ever, smaller tunnel diodes with 
improved stability are now avail-
able, and the siz of the matrix 
plane for the same capacity can 
be decreased to 9.5 x 8.5 cm. 

Figure 4 shows the circuit detail 
of the driver and read-out ampli-
fier. 

In this memory, as in almost all 
thin magnetic film memories, the 
speed is circuit-limited. The mem-
ory element can be set or reset 
within 10 nanoseconds, but the ac-
cess time including the circuit de-
lay is 100 ns and the cycle time is 
200 ns. 

Figure 5 shows the waveforms 

03,4,571:: F2/10 TS1070 

D6 ,700 2SA92 

09,9 r2S4230 

Di n,D5, .IN60 
D2 .3 . MA47 

010,11.12 M8462 
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to the word and digit lines 

at various points in the memory 
system. 

Since the basic circuit of Mk-6P 
is synchronized to 5-Mc two-phase 
clock pulses, the cycle time is de-
liberately chosen to be equal to the 
clock pulse interval. 
One of the strong points of this 

type of memory is that both the 
input signal level to the read-out 
amplifier and the power level re-
quired at the digit line driver 
do not depend as much upon the 
size of memory as they do in the 
tunnel diode memories previously 
reported' '. Therefore the memory 
speed is limited only by its physical 
size. 

In ETL Mk-6 this type of mem-
ory of 128-word capacity will be 
employed. 
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Record of PGEC of the Inst. Elect. Comm. 
Ewe. Japan, Aug 1900. 

(2) E. Goto Parametron and Esaki 
Diode Progress in Japan, 1961 Interna-
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Whiteside Tunnel Diode Storage using 
Current Sensing, Proc. Western Joint 
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Time is a sandpile we run our fingers in . . . Sand burg 
Guided Missiles Range Division of Pan 

American World Airways, Inc. is continuing to 
increase the technical staffs in Planning, Engineer-
ing and Operations Departments as a part of a 
well-organized systematic expansion program. 

The programs are important . . . the funds are 
available ... the tools are at hand. The need is 
for technically respected people with leadership 
ability to carry out these programs. 

New career positions are now available for 
physicists, engineers and mathematicians with B.S., 
M.S., and Ph.D. degrees. These opportunities will 
be filled by professionally qualified men whose 

111P 

allim sae GUIDED MISSILES 

capabilities, experience and will to win are 
unbounded. 

Now evaluate your position and determine for 
yourself whether a career with GMRD is for you. 

Address your resume in confidence to: Profes-
sional Employment Manager, Guided Missiles 
Range Division, PAN AMERICAN WORLD 
AIRWAYS, INC., Dept. W-43, P. 0. Box 4336, 
MU 113, Patrick Air Force Base, Florida. In-
quiries will receive prompt replies and all qualified 
applicants will be considered for employment 
without regard to race, creed, color or national 
origin. 

RANGE DIVISION 

11111.11.11.1e PATRICK AIR FORCE BASE, FLORIDA 

1111 11> 
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COMPONENTS AND MATERIALS 
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FIG. 1—Straight line in graph at top left represents temperature decay of single RC pair model, curved line represents 
the decay of a series string. Center graph shows thermal response of 2N335 junction to a constant-peak-power square 
wave input. At right, large graph shows peak input power as a function of duty factor to produce a constant junction 
temperature. Small graph insert at right shows transistor junction thermal response to a step-power input 

How To Use Transistor Thermal Specs 
By H. T. GRUBER, 

Battelle Memorial Institute, 
Columbus, Ohio 

DESIGNERS of transistorized equip-
ment have been aware of the need 
for transistor thermal specifica-
tions for some time. As the part 
density of equipment has increased, 
accurate thermal specifications 
have become a necessity for reli-
able equipment design. Transistor 
manufacturers are beginning to 
supply thermal specifications with 
their products, but beware of the 
single thermal resistance and single 
thermal time constant. 
The use of a single thermal re-

sistance and time constant assumes 
that the thermal response of a 
transistor may be represented by 
the expression, 

T = T.exp(— t/RC). 
The thermal responses of transis-
tors are actually infinite exponen-
tial series which converge quickly. 
The difference between the two rep-
resentations is shown graphically 
in Fig. 1 (left). The straight line 
represents the decay of a single RC 
pair model of a transistor, and the 
curved line represents the decay of 
a series string of RC pairs 
To illustrate the errors that can 

result from the use of single ther-
mal resistances and time constants, 
two electrical models of the thermal 
operation of a 2N335 were con-

structed. One model consisted of a 
single RC pair (A), and the other 
model consisted of a series string 
of RC pairs (B)'. The total ther-
mal resistance and the total thermal 
time constant of each of the two 
models were equal. Current passing 
through the models is equivalent to 
heat flow (power input), and the 
voltage across the models is equiva-
lent to the junction temperature 
rise above ambient temperature. 
The two models were subjected to 
constant peak-power square-wave 
inputs, with the duty factor varied. 
The results obtained from the 

two models are shown in Fig. 1 
(center). The series string of RC 
pairs model (B), indicates a peak 
junction temperature of about 90 
degrees for a 50 per cent duty fac-
tor. Under the same conditions, the 
single RC pair model (A) indi-
cates a peak junction temperature 
of 73 C. This error would be even 
greater if the leakage power dissi-
pation were included in the models, 
by the use of a feedback loop. This 
is particularly true of germanium 
transistors which have higher leak-
age currents. 
The information contained in 

Fig. 1 (center) may be plotted in 
a different form which is more use-
ful to equipment designers. The 
general appearance of this presen-
tation is shown in Fig. 1 (right) 
for two transistor types having 

thermal responses to step power in-
puts shown in the small graph. The 
larger graph in Fig. 1 (right) is a 
plot of the peak input power, for a 
particular wave shape, required to 
produce a constant peak junction 
temperature rise, as a function of 
duty factor. The same type of plot 
may be made for single pulse inputs 
as a function of pulse duration. The 
transistor represented by the solid 
curves has a faster initial thermal 
response than the transistor repre-
sented by the dashed curves. To 
put this another way, the transis-
tor represented by the solid curves 
may be described by an exponential 
series with some terms having very 
small time constants. The transis-
tor with the faster thermal re-
sponse requires a lower peak input 
power to produce a given junction 
temperature rise because of the 
faster initial portion of the re-
sponse curve. 
The use of single thermal resist-

ances and single thermal time con-
stants for transistors can result in 
expensive errors during the design 
and development of equipment. 
Suppose, for example, we are de-
signing a switching circuit. In 
either the on or off condition, the 
power dissipation of the transistor 
is only a small percentage of the 
allowable d-c power dissipation of 
the transistor. However, in the 
transient condition the power dissi-
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Save: Time-Space-Effort-Cost 

N recision Potentiometers 
URN RESOLUTION... 

The FLUKE Model 20A Vernier Potentiometer provides reso-
lution equivalent to that of 10 turn helical potentiometers 
with only 550° of shaft rotation. At the same time, the 20A re-
quires only a fraction of the space occupied by helical po-
tentiometers, and, in fact, occupies less space than many 
single turn, low resolution potentiometers. 

This high resolution, small size, and ease of operation, is 
achieved by a unique FLUKE patented design. A schematic 
of the Model 20A is shown below. Basically, the Model 20A 
consists of a main resistance element and a concentric 
smaller vernier. The vernier element is connected to the main 
element through two contacts spaced 30' apart. This spreads 
any 30 segment of the main winding over the 270' of 
vernier rotation. The vernier slider is rotated by the poten-
tiometer shaft. As the shaft is turned and the vernier 
slider completes its rotation, a mechanical stop causes 
the vernier frame to turn, moving the spaced vernier con-
tacts along the main element. This method provides a 
coarse adjustment at either end of the vernier adjustment. 

This unique design results in a versatile, high perform-
ance potentiometer. For example, thin card-type windings 
reduce residual reactance and allow operation at much 
higher frequencies than other potentiometers with similar 

DC specifications. The one and one-half turn control of 

NEW FLUKE MODEL 20A 

Complete with dial, 
knob and lock 

o 

o 

Vernier Potentiometer 

the entire adjustment range allows substantial time savings 
in frequently adjusted or multiple potentiometer installations 
such as analog computers and data logging systems. Equipped 
with a screwdriver slotted shaft, the Model 20A also makes an 
ideal high resolution trimmer. 

The Model 20A is available from stock in resistance values 
ranging from 100 ohms to 25 K ohms, and can be provided 
with a calibrated readout dial and lock-type knob. 

If greater resistance values are required, write for informa-
tion on the FLUKE Models 21A, 22A, and 30A. The Model 21A 
and 22A have increased power ratings and are available in 
resistance values to 100 K. The Model 30A features resolution 
of 20 times that of the 20A series, resistance values from 1 K, 
to 100 K, and a power rating of 5 watts. 

MODEL 20A PARTIAL SPECIFICATIONS 

Standard Tolerance: +5%, available to ±1% on special 
order Linearity ±0.5%. 

Resolution: 1000 ohms, 1 part in 5600. Increased resolu-
tion for higher values. 

Power Rating: 2 watts at 20° C, derated to 0 at 100° C. 

Price: As shown, $8.50. 

JOHN FLUKE MFG. CO. INC. 
P. 0. Box 7428 Seattle 33, Washington 

L ACTUAL SIZE SCHEMATIC 

MANUFACTURERS OF ELECTRONIC TEST AND MEASURING INSTRUMENTS FOR LABORATORY—PRODUCTION LINE 
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LOW NOISE CHOPPER "TECHNIQUE REPORT" 

IN DC INSTRUMENTATION 

THE LOWEST NOISE AND DRIFT 
CHOPPERS 

ARE 
JAMES 

The measure of how low or stable a 

level of DC signal can be modulated by 

a chopper is a complexed analysis of 

circuit and component. JAMES has pre-

pared a complete technical review of 

measurement techniques and correct 

use of mechanical choppers. 

On all criteria . . . magnetic, electro-

static, triboelectric, electrochemical 

noise and thermal drift JAMES has the 

superior components. The correct 

chopper for commercial, industrial and 

military. 

Write for your free copy of "Chopper 

Noise Sources and Measurement 

Techniques." We solicit your chopper 

engineering application inquiries. 

PERFORMANCE • RELIABILITY • SERVICE 

ELECTRONICS INC. 
4050 North Rockwell • Chicago 18, Illinois • CO 7-6333 

pation is 200 per cent of rated. The 
total thermal time constant of the 
transistor is 200 milliseconds and 
the switching time is 1 millisecond. 
Computations indicate that the 
peak junction temperature will not 
exceed 150 C during the 1 milli-
second switching time, if the am-
bient temperature of the equipment 
is less than 100 C. Both the elec-
trical and mechanical equipment 
design are based upon an inade-
quate thermal specification; several 
terms of the exponential series de-
scribing the thermal response of the 
transistor have time constants of 
less than 0.01 milliseconds. Either 
a different transistor must be used 
or the maximum ambient operating 
temperature of the equipment re-
duced. The result is a redesign that 
is costly in both dollars and time. 
The thermal model of the 2N335, 

used for the illustration above, was 
obtained in the following manner. 
The transistor was mounted on an 
infinite heat sink. The junction was 
heated by dissipating power within 
the transistor until the junction 
temperature stabilized. The heat-
ing power was removed and a re-
verse bjas applied to the collector-
base junction. The leakage current 
decay curve was recorded. The leak-
age current curve was converted to 
a junction temperature cooling 
curve from a previous calibration 
of L. The series string of RC 
pairs equivalent circuit constants 
were computed from the tempera-
ture decay curve'. The thermal 
units were converted to electrical 
units. 
The switching from the junction 

heating circuit to the Ir.° measur-
ing circuit was accomplished by 
mercury wetted relays and required 
about one millisecond. Experimen-
tal work indicates that a large por-
tion of the junction cooling occurs 
during this millisecond and consid-
erable information is lost. What is 
required is equipment that will 
switch from the loading to the 
measuring circuit in much less 
time. Very probably, some other 
parameter should be used to indi-
cate the transistor junction tem-
perature. The practical lower limit 
for the switching time is the time 
required to clear the carriers from 
the junction area. 

Because of the variability of both 
electrical and thermal characteris-
tics among transistors of the same 
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type, it is desirable that transistor 
manufacturers determine the ther-
mal characteristics of their prod-
ucts and also supply statistical 
information on distribution. 
Once accurate thermal specifica-

tions are available, the thermal re-
sponse of transistors to particular 
inputs may be determined by an-
alog techniques. Digital solutions 
are possible in some cases, but con-
siderable arithmetic drudgery is in-
volved. Through proper analog 
techniques, the thermal responses 
of the transistor may be related to 
the ambient temperature, the ther-
mal characteristics of the transis-
tor mounting and the chassis, and 
to the circuit being used.' 

REFERENCES 
(1) P. R. Strickland, The Thermal Equiv-
alent Circuit of a Transistor, IBM Journal 
of Research and Development, Jan., 1959. 
(2) H. T. Gruber, An Analog Approach to 
Reliable Transistor Circuits. Proceedings 
of the Seventh Nat. Symp. on Reliability 
and Quality Control, Jan. 1961 (research 
conducted for the Bureau Ships under Con-
tract NObsr-77579). 

Thin-Film Sandwich 

TEN-DIAMETER enlargement of re-
cent configuration of MIA (Metal 
Interface Amplier) as developed 
earlier this year by Philco Corpora-
tion Research Division. Announced 
first in Phys. Rev. Letters, April 
1, 1961, development of the device 
continues in the Basic Science and 
Technology Department of the divi-
sion. Co-inventors are James P. 
Spratt, Ruth M. Schwarz, Walter 
M. Kane. November 8 is date 
scheduled for more public discus-
sion of both device and circuit tech-
nologies when Philco plays host to 
a joint meeting of Philadelphia 
Section and Lehigh Valley Subsec-
tion of the IRE. Meeting will be 
held at Philco's Research Center, 
Bluebell, Pa. 

GUARANTEE 
of Quality 

This GUDEBROD Lacing 
Tape is Manufactured 
under strict Quality 
Control. Complete test 
data is on file for your 

protection under 
Lot #18861 

THIS SEAL GUARANTEES YOU 
REAL LACING ECONOMY... 
increased production 
with fewer rejects! 

Always specify Gudebrod whether you use one spool of lacing tape or thousands 
because Gudebrod lacing tape is produced under strict quality control. Gudebrod 
checks and rechecks every lot of tape to insure that it meets the highest standards 
. . . higher standards than those required to meet MIL-T specifications. 
Gudebrod helps increase your production because we carefully test, measure and 
maintain close tolerances on such characteristics as slip resistance, fray resistance, 
breaking strength, wax content, fungistatic effectiveness. These and other tests assure 
you that when Gudebrod lacing tape is used production increases. Knots don't slip . . . 
harnesses stay tied . . . assemblies remain firm . . . there are fewer rejects! 

Whatever your lacing needs—Teflon*, dacront, glass, nylon, high temperatures, 
special finishes—Gudebrod makes it or will produce a tape to meet your special re-
quirements. If you want a tape to meet 1500°F Gudebrod Experimental Research 
Project 173 is the answer. If you want a tape that meets MIL-T-713A . Gudelacee 
(Style 18 Natural) is the answer. 

MAKE THE H-R TEST! Write for samples of Gudelace or other Gudebrod 
lacing tapes and have them tested in your harness room. Compare a harness tied with 
a "Quality Controlled" Gudebrod tape and any other tape. This test will convince you 
that when you specify Gudebrod you specify real economy—increased production 
with fewer rejects. 

Write for our free Technical Products Data Book. It ex-
plains Gudelace and other Gudebrod lacing tapes in detail. 
*Dupont's TFE fluorocarbon fiber. lipupont's polyester fiber. 

GUDEBROD BROS. SILK CO., INC. 
Electronics Division Executive Offices 
225 West 34th Street 12 South 12th Street 
New York 1, New York Philadelphia 7, Pa. 
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PRODUCTION TECHNIQUES 

Audio-visual production aids increase production sub-
stantially and reduce wiring errors 

Recording unit uses foot switches to control instructions. 
Background music and signals to control a slide projector 
can be put on the tape 

Audio-Visual Systems Step Up Production 

By THOMAS J. GRIFFIN, JR. 
L. E. E. Inc., Washington, D. C. 

PRODUCTION INCREASES of about 50 
percent are claimed by most users 
of audio-visual systems. Defective 
circuits, or defects per unit, caused 
by incorrect wiring, are decreased 
by at least an equal percentage. 

Several factors contribute to the 
increase in quality and quantity. 
Elimination of written instructions 
—prints or wiring lists—allows 
the worker to keep his attention 
more fully on the work, instead of 
constantly shifting his attention 
and eye-focus between instructions 
and work. The tape recording pre-
sents the worker with the best se-
quence for building up the circuit; 
older methods generally allow the 
worker to follow his own sequence. 
Lightweight earphones help in-
crease attention by subduing back-
ground noise and conversation. 
Background music, often placed on 
the tape between assembly instruc-
tions, also makes a contribution. 
The visual presentation is usually 

made by a small screen and an auto-
matic 35 mm slide projector actu-
ated by signals on the tape. Hughes 
Aircraft Co., one of the first to 
make formalized studies of the au-
dio-visual combinations, has report-
edly achieved results beyond their 
expectations. 
As an official of one company 

stated, audio-visual aids to produc-
tion are 10 percent machine and 90 
percent technique. If the method is 
to be used successfully, several 
basic rules must be followed. 

1. The work station must be in 
optimum order. Every tool and part 
must have its specific place: tools 
in slots or holding fixtures, compo-
nents in specifically marked bins. 

2. Instruction tapes, and photos 
or slides, must use the assembly or 
wiring sequence that will give 
maximum results. 

3. The production worker, his 
supervisor, and all key personnel 
must be indoctrinated to the 
method in such a way as to obtain 
wholehearted support and coopera-
tion. It must be emphasized over 

and over again that the system in 
no way jeopardizes jobs or rates. 

4. The system is not adaptable 
to every type of manufacture or to 
every complexity. It does not pay, 
to use the technique with any unit 
that can be wired from memory. 
The more complicated the assembly 
the more suitable it is. 

There are two different methods 
of presenting information to the 
operator. In the paced method the 
time to accomplish an instruction 
is indicated on the tape by silence 
or background music, with music 
favored. Usually a warning tone 
tells the operator that the next in-
struction is about to be heard. If 
the operator has not finished the 
work allotted, he can stop the ma-
chine until he is ready again. The 
other method is known as call, or 
demand. The tape is stopped either 
by the operator or automatically. 
When the operator finishes a step 
he starts the tape for the next se-
quence. Both the paced and the de-
mand methods are in use. 
Much has already been published 
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... with Sanborn'''' High, Medium or Low Gain 
8-Channel Amplifiers and Flush-Front Recorder 
in only 32" of panel space 

In the 32" panel space version, Sanborn 
16-channel direct writing systems use a 
flush-front 358-16 Recorder and any two 
"950" series 8-channel amplifiers — avail-
able in transistorized high and medium 
gain types with floating and guarded in-
puts, low gain with high resistance bal-
anced to ground inputs. Max. sensitivities 
are 20 uy /mm, 1 mv /mm and 20 mv /mm 
for high, medium and low gain systems. 
Frequency response ranges for the three 
are 100, 125 and 125 cps. Recorder has 9 
chart speeds, 8" of visible record, inkless 
recording in true rectangular coordinates 
on Sanborn Permapaper® charts. 

RECORD 16 VARIABLES 
on a single 16" chart 
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175 Wyman St., Waltham 54, Mass. 

. . . with 8 channels identical, 8 more with 
miniature plug-in preamplifiers for greater 
flexibility 

Eight interchangeable, plug-in "850" 
preamplifiers, each with 7" x 2" panel, plug 
into chassis with common power supply. 
Available types are Phase-Sensitive De-
modulator, DC Coupling, Carrier and Low 
Level; MOPA available for Carrier and 
Low Level excitation. Frequency response 
is DC to 125 cps, 3 db down at 10 mm 
peak-to-peak depending on type of pre-
amplifier. Linearity is better than 0.5%. 
Inputs are single-ended, floating and 
guarded, or push-pull, depending on type 
of "850" preamplifier used. Remaining 
eight channels can comprise any 8-channel 
"950" amplifier. 

With each of these systems, you have a choice of vertical or hori-
zontal chart plane recorders. Flush-front vertical recorder ("350" 
style) has electrical speed shift, requires only 17 vertical panel 
space. Horizontal recorder facilitates viewing and making notations 
on record, occupies 21 2" of panel space, has mechanical speed shift. 
Both recorders have velocity feedback-damped galvanometers . . . 
automatic stylus heat control . . . separate timer ¡marker stylus . . . 
inkless direct writing on quick loading, rectangular coordinate charts 
with 20 mm wide channels. 

For complete specifications and application engineering assistance, contact your nearest Sanborn 
Saks-Engineering Representative. Offices throughout the U. S., Canada and foreign countries. 
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ONE OF A SERIES EXPLORING THERMISTOR APPLICATIONS 

A little thermistor 
makes a big difference in many 
thermal conductivity instruments 
Place two small bead thermistors in a bridge circuit where enough current 
flows to heat them to 150° C, and you'll find you have an instrument for 
the measurement of many different physical phenomena. For example: 
GAS ANALYZER —  Place the thermistors in small cavities filled with 
indentical gases, and balance the bridge by varying the setting of "A". 
A change in the gas in one of the cavities will either raise or lower the re-
sistance of the thermistor because of a change in the thermal conductivity. 
This will unbalance the bridge and give a reading on a meter. 

FLOW METER —  Seal a thermistor in a cavity, and place the other thermistor 
in a pipe. Balance the bridge when there is no flow through the pipe. When 
the flow starts, the resistance of the thermistor changes, and the bridge 
becomes unbalanced. 

ANEMOMETER —  Design the instrument with a sensing thermistor held 
in free air, and it will be capable of measuring air velocity from the slightest 
breeze to a gale. 

VACUUM GAUGE —  Place one of the thermistors in an evacuated bulb and 
the other in a chamber connected to a vacuum pump. Pump the chamber 
down to a high vacuum, and balance the bridge. A reading can be obtained 
when the chamber is not a high vacuum because the presence of air will 
cool the thermistor and raise its resistance. 

Thermistors can be used in many other circuits to great advan-
tage. For details, application assistance and new Thermistor 
Catalog EMC 4, write: 

Fenwal Electronics' new, modern production facility and offices 
mean better service and better products for you. 

63 FOUNTAIN STREET 
FRAMINGHAM, MASS. 

about the new technique, but there 
are few references to the attitude 
of the production line worker other 
than "greater employee morale". 
Furthermore, several questions 
arise concerning the tryouts or 
feasibility tests conducted by sev-
eral well-known companies. 
How much of the increase in pro-

ductivity is due to the "halo" 
effect? 
The famed Hawthorne experi-

ments of The Western Electric Co. 
established that employees getting 
special attention (as in a produc-
tion-line experiment), increase their 
efforts regardless of the variables 
injected into the experiment. In-
crease the lighting, production goes 
up; decrease the lighting and pro-
duction still goes up. In audio-
visual system tests employees are 
each given a tape-deck, projection-
screen, and earphones. They receive 
special training about a technique 
that will help them to produce 
more, and with less mistakes; then 
time-and-motion analysts or data-
takers are brought in. Does this 
situation create a "halo"? It must 
to some extent, but how much of 
the increase is due to the psycho-
logical factor of spotlighting the 
group testing the new method? 
How long does this halo effect last? 
Longer than the feasibility study 
being conducted? 
Were proper work-stations in ex-

istence before the feasibility tests 
began? If not, how much of the 
savings is due to the improved work 
situation? 
As a prerequisite for audio-visual 

production, the work-place of the 
operator must be set up in perfect 
order. Any good time-and-motion 
economy book rates the work-place 
situation high on the list of efficient 
production requirements. 

Does the technique, because of 
the earphones, cause isolation? 
For years the rule in industry 

has been to create a social environ-
ment within the production-line 
group, to allow the workers to talk 
and even to sing together while 
working. What is the psychological 
effect of shutting the operators off 
from one another? 
Was background music in exist-

ence on the lines where the experi-
ments were conducted before the 
tests were initiated? If not, then 
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how much of the savings credited 
to the audio-visual system is actu-
ally due to background music? 

Suppliers of this type of music 
claim production increases of 5 to 
20 percent due to the music alone. 

Which visual presentation is 
best? 

Increases in production using the 
different methods of visual presen-

. tation show very small differences; 
balancing this with costs for the 
different methods, (actual models, 
draftsman sketches, photographs 
on a flip-board, and 35 mm projec-
tion), which is the most economical 
method? In one feasibility report, 
a company claims that the basic im-
provement is caused by increased 
operator concentration on the work-
object. This company used an ac-
tual model of the unit being wired 
as the operator's example for har-
ness and component placement. 
Their increase was approximately 
50 percent. Another company used 
exploded views as a guide to com-
ponent placement; their increase 
was also about 50 percent. Yet an-
other company uses 8 x 10 inch 
photographs and report the same 
increase. The majority use 35 mm 
color slides projected onto a small 
screen; claims: around 50 percent. 
How much of the increase is due 

to audio alone? 

None of the reports so far have 
indicated any comparison tests, but 
in the majority of units being 
manufactured (excepting extremely 
critical ones), could the placement 
of components be described ver-
bally, and thus eliminate the 
greater number of photographs or 
slides? Could one to four photo-
graphs suffice? 

Perhaps the feasibility tests con-
ducted by the various groups did 
control such factors as isolation, 
music versus non-music, social en-
vironment in the work situation, 
halo effect, the union's attitude to-
wards pacing, etc. However, a de-
tailed study involving all these 
factors is needed. There is no doubt, 
however, that the technique greatly 
improves production line assembly, 
wiring, and inspection procedures. 
Even conservative estimates on in-
creases in production and quality 
warrant a trial run by every manu-
facturer of electronic components 
and assemblies. 

ONE... 
just set the part on the 
anvil (no masters or set 
gages needed) 

TWO... 
turn the knob to lower 
spindle (stops automat-
ically on contact) 

THREE... 
read the measurement 
directly from the scale 
(and save up to 85% in 
gaging time!) 

...that's how quick and easy it is with the 

Bausch & Lomb DR-258 Optical Gage I 
Takes just seconds to get direct readings to .0001" . . . depth, 
thickness, height, diameter, taper. You read in "tenths" from 

0" to 3" on a bright, magnified scale . . . with such extreme 
accuracy (0.000025") that masters or set gages are unneces-
sary. Specially calibrated to normal shop temperatures with 

easy conversion charts for any temperature fluctuation. Here's 
today's fastest, easiest way to get highest accuracy readings 

. . . with job-proved savings of as much as 85% in gaging 
time . . . for only $875! 
See it, compare it, in 
a free on-the-job 
demonstration. 

BAUSCH 8c LOMB 

Made in America, 
to the world's highest standards. 

DISTRIBUTED IN U.S.A. THROUGH THE DOLL COMPANY 

BAUSCH & LOMB INCORPORATED 
62322 Bausch St., Rochester 2, N. Y. 

D I'd like an on-the-job demonstration of the 
DR-25B with no obligation on my part. 

12 Please send Catalog D-285. 

NAME TITLE   

COMPANY   

ADDRESS   

CITY   ZONE   STATE   
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New On The Market 

Circuit Builder 
SPEEDS BREADBOARDING 

CIRCUIT STRUCTURES LAB., P. 0. Box 

36, Laguna Beach, Calif. Quick 

assembly, rearrangement and dis-

assembly of experimental circuits, 

without use of solder, spring clips 

or jumper wires, is possible with 

the Circuit Builder, which is com-

posed of 108 gold-plated cells spaced 

1 in. apart in 9 horizontal rows of 

12. Each cell has an elastic rubber 

core protruding through it. Smaller 

components are connected into the 

cells by pulling up on the rubber 

core, inserting the component pig-

tail and releasing the core. Larger 

components are equipped with per-

manent leads. 
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Silicon Zener Diodes 
DIFFUSED JUNCTION DEVICES 

SYNTRON co., Homer City, Pa., in-

troduces a line of silicon junction 

Zener diodes for voltage regula-

tion applications. In a complete 

range of ratings from 250 mw 

through 50 w power dissipation, 

the units are suited for use in 

power supplies to provide any de-

sired constant voltages at a high 

degree of accuracy. Individual se-

ries of devices are rated for 250 

and 750 mw, and 1, 3.5, 10, 25, and 

50 w dissipation. All series are 

standard 10 percent tolerance de-

vices. 
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Miniature Gyro 
FLUID SPHERE 

SPERRY GYROSCOPE co., Div. of 

Sperry Rand Corp., Great Neck, 

N. Y. Fluid sphere gyroscope has a 

spinning mass of liquid in place of 

the conventional rotating wheel. 

The SYG-2000 can detect the most 

minute motion, making it suitable 

for stabilizing space platforms 

carrying extremely delicate equip-

ment. Unit requires no precision 

parts or involved assembly tech-

niques. It can be stored or operated 

at temperatures from — 65 F to 

200 F. Quantities can be produced 

for sale at less than $2,000 per unit. 
CIRCLE 303 ON READER SERVICE CARD 

Digital Recorder 
WITH INPUT STORAGE 

HEWLETT-PACKARD co., 1501 Page 

Mill Road, Palo Alto, Calif. Model 

562A transistorized, electromechan-

ical recorder can print up to five 11 

digit lines per sec. A storage fea-

ture allows data transfer to the 

unit in 2 millisec, after which the 

driving source is released to gather 
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II THERE'S NO SUBSTITUTE FOR AN 
ELECTRONIC MEASUREMENTS 

i CONSTANT-CURRENT POWER SUPPLY 

what every engineer knows about constant-current 
power supplies ... How do you 
check the peak inverse voltage rating of a solid state 
junction? the breakdown voltage of a reference diode 
at a specified current? the dynamic impedance of a 
reference diode? and the many other parameters that 
are so easily checked with constant-current power 
supplies? 

It's an easy matter to convert some voltage-regu-
lated power supplies to current-regulated operation. 
At least it's easy with an E/M® Regatron Program-
mable Power Supply. But for true constant-current 
performance, there's no substitute for a power supply 
specifically designed for constant-current operation. 
Take Electronic Measurements' Model C638A 

shown here. It's an easy matter to set the current con-
trol to any value desired—from a few microamperes 
up to 100 ma—manually or programmably. And there's 
no juggling with makeshift, extra circuity. Then you 
can adjust the voltage compliance to any value from 
0 to 1500 V. There's no fear that the voltage may be 

too great or not enough; the voltage control sets the 
upper limit. 
Here are some additional features of the C638A: 

Output impedance is 104 megohms at 0.5 ea to 0.5 
megohms at 100 ma. Above 2.2 ¡La, regulation is better 
than 0.15%, line or load, Ripple is less than 0.01%-i-
1 ea rms. A modulation input is provided. 

But to get back to the point; to check the peak 
inverse voltage rating of a solid state junction, simply 
set the output current control of an E/M Constant-
Current Power Supply at the specified current. Con-
nect the output to the junction, turn the power supply 
on, and measure the voltage drop across the junc-
tion. What could be easier? And other measurements 
can be made almost as easily. 
For a complete discussion of constant-current power 

supplies with ratings up to IA, ask for Specification 
Sheet 3072B. It lists all the models and specifica-
tions, too. 

eRegistered U. S. Patent Office. Patents Issued and Pending. 

(EA  *.1‘0) 

, 

IL C -1" Ft CI INI I C 

IVI E AS U Ft E WI E NIT'S 
COMPANY, INCORPORATED 

EATONTOWN • NEW JERSEY 
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more information. Internal con-

nectors route parallel-entry data to 

any desired digit, and different in-

put codes may be used for each 

digit. Standard input is a 4-line 

BCD (1-2-2-4). Other 4-line codes 

may be used by substituting plug-in 

cards. 
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Signal Generator 
PUSH-BUTTON ATTENUATION 

BORG-WARNER CONTROLS, P. 0. Box 

1679, Santa Ana., Calif. Model 

G-101 h-f signal generator has a 

push-button attenuator system for 

fast, accurate signal-light readout. 

Among its applications is measur-

ing gain of i-f circuits or receivers. 

Covering a frequency range of 50 

Trimming Pot 
MILITARY TYPE 

TECH NO-COMPONENTS CORP., 18232 

Parthenia St., Northridge, Calif. 

A # in. square trimming pot weighs 

I gram and is rated at w at 50 C, 

derating to zero at 105 C. Wire 

wound resistance elements provide 

a resistance range of 100 ohms to 

20,000 ohms at operating tempera-

tures of — 55 to 105 C. Trimmer 

withstands vibration of 50 g from 

Kc to 65 Mc, selected in six bands, 

the generator provides an r-f out-

put at any frequency within its 

range at a continuously adjustable 

amplitude between 0.1 kev and 3 v. 

Price is $1,350. 

aRCLE 305 ON READER SERVICE CARD 

10 to 2,000 cps and has a tempera-
ture coefficient of 50 parts per mil-

lion/deg C. It has a resistance tol-

erance of ± 10 percent and dielec-

tric strength of 500 y a-c for one 

minute. 
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Relay Module 
COMPACT DEVICE 

D. RANDALL co., Div. of Westerly 

Electronics, Inc., 6 Pawcatuck Ave., 

Westerly, R. I. A compact relay-

module for easy installation in 

printed-wiring systems makes use 

of a dry-reed switch contacting ele-

ment to provide high speed and 

long life. The basic Doranic module 

consists of a spst, normally open 

reed switch rated at 12 v-a up to 

250 y a-c, resistive load. Up to 12 
switches can be operated by the 

same coil. Entire assembly is # in. 
square by # in. long. 
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Digital Switch 
THUMBWHEEL TYPE 

THE SIEGLER CORP., Magnetic Am-

plifiers Div., 632 Tinton Ave., New 

York 55, N. Y. The Decaswitch, a 

low-cost digital thumbwheel switch, 

occupies a minimum space and can 

be stacked up to 15 sections in a 

panel slot only 8 in. by 1-111 in. Sec-

tions are available in single pole 

10-position, single pole 11-position, 

plus/minus, binary and 2-pole, 

5-position models. Switch is suited 

for incorporation into computers, 

meters, power supplies and decade 

boxes. 
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Receiver Front Ends 
IN L, S, AND C-BANDS 

FREQUENCY ENGINEERING LABORA-

TORIES, P.O. Box 504, Asbury Park, 

N.J. Line of low noise microwave 

receiver front ends consists of tun-

able preselectors and coaxial bal-

anced mixers. Units are available 

in L, S, and C-bands with a noise 

figure of 7.5 db max measured with 
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new! 
NARDA 

ferrite isolators 
designed and manufactured 
by NARDA MICROWAVE! 

• broadband coaxial 

ferrite isolators 
Excellent electrical characteristics with extreme versatil-

ity! 7/8" coaxial line construction allows higher power 

operation with 7/8 " connectors, up to 20 kw peak, 400 

watts average. (Normally supplied with Type N, 3,43" con-

nectors; 10 kw peak, 10 watts average.) Features 15 db 

isolation and 1 db max. insertion loss. VSWR is 1.25 max. 

based on 2:1 load mismatch; 1.15 max. into matched 

load. Model 1233: 2.0 4.0 kmc; model 1233-1: 3.0-5.5 

kmc; $450. each. 

• low power broadband waveguide 

ferrite isolators 
Provide maximum load isolation and minimum insertion 

loss over full standard waveguide frequency ranges. Ex-

tremely useful for maintaining signal source stability and 

eliminating long line and frequency pulling effects. Front-

to-back ratios are the highest available on the market 

today: C Band-26:1, $250; XN Band-25:1, $225; XB 

Band-30:1, $235; X Band-30:1, $220. 

• high power broadband waveguide 

ferrite isolators 
The only line of high power isolators that covers all of 

X Band with just two models (8.2-10.0 kmc and 10.0-12.4 

kmc), each with front/back ratio of 40:1. Input power 

rating: 250 kw peak, 300 watts average, achieved through 

use of special high Curie temperature ferrite materials. 

VSWR is 1.05 max. with matched load; 1.10 max. with 

3:1 mismatch. Only $175 each. Model with same VSWR, 

28:1 front/back ratio, 300 kw peak, and 300 watts aver-

age, for 7.05-10.0 kmc, $195. 

• other ferrite devices-
consult NARDA for: 

• Circulators • Phase shifters • Modulators • Attenuators • Special Isolators 

For more information, write to Dept. E-1. 

4441Ab the narda microwave corporation 
PLAINVIEW, L. I., NEW YORK AREA CODE 516 GE 3-9000 
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CHOPPERS 
for every chopper application 

Electromechanical Types 

• 50, 60 and 400 CPS standard types 

• center-pivoted type for high 
vibration conditions 

• very low noise models where 
chopper noise must be less than 
1 microvolt 

• high temperature series 

• double-pole double-throw 
choppers for signal mixing 

• transistor drive types 

• coaxial choppers for VHF 

• additional types for special 
applications 

Transistor Types 

• subminiature types for limited 
space requirements 

• high voltage series for high 
signal levels 

• high temperature choppers for 
125°C operation 

• miniature molded units for 
prieted circuit use 

• SPST or SPDT types 

Whether your application is for Servo Systems, Compu-
ters, Telemetering and Multiplexing Equipment, Ampli-
fier Stabilization or Modulation-Demodulation, Airpax 
produces a chopper specifically designed for the purpose. 
The types listed are basic. Most types are available in a 
variety of mounting and header styles. 

911111-- AIRPA)( 
ELECTRONICS 

0 

CB 22A 

CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 

a 1.5 db i-f amplifier including the 
insertion loss of the preselector. 
Preselector is gang-tuned over a 
range of 10 percent. Mixers are 
coaxial ring hybrids with integral 
holders for the mixer diodes. 
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D-C Power Supplies 
SOLID STATE 

DYNEX INDUSTRIES, INC., 123 Eileen 
Way, Syosset, N. Y. Model PS150, 
applicable to filament supply and 
computers, provides 6.3 y d-c, 5 amp 
with input of 105-135 y a-c. Regu-
lation is 0.05 percent for ±10 per-
cent line voltage change, 0-5 amp 
load; ripple, 1 mv rms max; weight, 
6 lb; size, 2,1 by 8 by 5 in. Units 
meet military specifications. 
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Miniature Ovens 
CONTROL TEMPERATURE 

MONITOR PRODUCTS CO., INC., 815 

Fremont Ave., S. Pasadena, Calif. 
Ovens enable the temperature of a 
crystal, transistor, etc. mounted in 
the oven cavity to remain constant 
through a wide temperature ambi-
ent. The SO-1042 holds components 
or crystals; SO-1047, one HC18/U 
crystal; SO-1064, two HC18/U 
crystals. Temperature stability is 
± 1 C. 
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Servo Preamplifier 
SERVO DEVELOPMENT CORP., 2 Willis 
Court, Hicksville, L. I., N. Y. A 
0.48 cu in. transistorized servo pre-
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amplifier provides a gain impedance 
product of 3.6 x 10°. 

CIRCLE 312 ON READER SERVICE CARD 

Pyrex Capillaries 
PRECISION DRAWN 

DIOTRAN PACIFIC, 1015 Alma St., 
Palo Alto, Calif., announces a line 
of Pyrex glass capillary tubes for 
thermal compression semiconductor 
lead bonding machines. They are 
precision drawn to accommodate 
wire diameter sizes ranging from 
0.0005 in. through 0.005 in. Smaller 
or larger sizes can be made to 
order. 
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Controls Analyzer 
FOR SERVO CHECKING 

SUPERIOR MFG. & INSTRUMENT CORP., 
36-07 20th Ave., Long Island City 
5, N. Y., offers model 440 controls 
analyzer for the complete checking 
of servomechanisms and feedback 
controls system. Heart of the in-
strument is a brushless rotating 
transducer, invented at Superior 
for developing sinusoidal and sinu-
soidally modulated carrier test sig-
nal adjustable from 0.03 to 300 cps. 
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Power Supplies 
ACOPIAN TECHNICAL CO., 927 Spruce 
St., Easton, Pa. Transistorized 
plug-in power supplies have voltage 
ratings ranging from 0.8 to 30 

LINT FREE! 
Dependably lint-free uniforms with 

DACRON or NYLON 
POLYESTER FIBER 

Precision operations like those at The Barden Corp. require rigid lint-free quality 
standards. Uniforms of 100% "Dacron"* polyester fiber or 100% Du Pont Nylon 
dependably fulfill such quality-control requirements. Smooth-surfaced filament 
"Dacron" or filament Nylon do not generate lint! Even under the most exacting 
conditions of White Room cleanliness, "Dacron" and Nylon perform with out-
standing lint-free efficiency. 

Uniforms of "Dacron" or Nylon wear exceptionally well, stay fresh longer. 
And they can be successfully handled in commercial laundries. Doesn't the effi-
ciency of your plant call for lint-free uniforms of Du Pont Nylon or "Dacron". 

FOR SPECIAL ADVICE ON UNIFORMS, write: Uniform 
Counseling Service, E. I. du Pont de Nemours & Co. (Inc.), 
Textile Fibers Dept., Centre Road Bldg., Wilmington 98, Del. 

...DACRON** IS DO POINTS RRINSTIRID TRACI 

UPONT 
OfF 

Better Things for Better Living ... through Chemistry 

FOR ITS POLYESTER FIRER. DU PONT RAKES FIRERS. NOT FABRIC OR UNIFORM 
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MORE SPEED...MORE SPACE 
WORLD-WIDE SERVICE 
Transistors, tubes and electronic equipment get there fast, safe 
and sound on Air France! Swift, frequent service throughout the 
week to The Common Market, The Outer Seven, Mexico, almost 
anywhere in the world. Service from New York, Los Angeles, 
Chicago, Montreal, Anchorage, and every flight carries 10,000 
pounds! Cargo compartments are pressurized and temperature-
controlled. Save on crating, shipping weight. New low insurance 
costs, too! Air France speeds cargo to more cities in more coun-
tries than any other airline. Specify Air France to your Cargo Agent! 

AIR FRANCE CARGO 

and current ratings from 50 ma to 
200 ma. 
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Accelerometer 
LIQUID COOLED 

ENDEVCO CORP., 161 E. California 
Blvd., Pasadena, Calif. Model 2206 
is a small, high-temperature shock 
and vibration transducer, especially 
suited for dynamic measurements 
in rocket motors, combustion cham-
bers, turbines, and the like. It can 
operate continuously on surfaces 
with temperatures up to 2,200 F, 
maintaining performance charac-
teristics comparable to those of 
lower temperature Endevco models. 
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Commutator 
LOW-LEVEL 

UNITED ELECTRODYNAMICS, INC., 200 
Allendale Road, Pasadena, Calif., 
offers a low-level electronic commu-
tator featuring high reliability, 
long life, and high speed capability. 
Contact resistance averages 12 
ohms. Reverse current is less than 
1 nanoampere per channel, and spe-
cial shielding has achieved a com-
mon mode rejection of better than 
one million to one. It will operate 
reliably and within specification at 

125 C. 
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Transistor Chopper 
AIRPAX ELECTRONICS, INC., Cam-
bridge, Md. Miniature transistor 
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GOBBLE-DE-GOOK? 

NOT 
to the 

J-510 
Upper trace in oscilloscope pattern 
above shows output wave of an audio 
oscillator. Outputs of twenty indi-
vidual oscillators (frequencies rang-
ing from 88 to 716 cps) were mixed, 
resulting in complex waveform shown 
in lower trace of oscilloscope. Twenty 
J-510 Resonator Resonant Reed Re-
lay controls with resonant frequen-
cies corresponding to those oscilla-
tors were connected in parallel and 
exposed to the complex waveform. 
All J-510s closed within milliseconds. 

When the signal corresponding to 
mechanical resonant frequency of 
any J-510 Resonator was removed 
from complex wave, the correspond-
ing Resonator ceased to function. 
When tone was replaced, the Resona-
tor triggered immediately. In this 
way strict control of each individual 
Resonator was accomplished, prov-
ing that the J-510 even when exposed 
to a complex waveform is capable of 
sensing the presence of a component 
corresponding to its mechanical reso-
nant frequency. 
These filtering capabilities of the 
J-510 now make possible a multitude 
of applications in the fields of selec-
tive signaling, data transmission, re-
mote control and telemetering. 
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DEVICES 

LABORATORY 

ELECTRONICS DIVISION 
OF SARGENT & 

GREENLEAF, INC. 

ROCHESTER 21, NEW YORK 
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chopper with self-contained drive 
transformer is designed for use in 
p-c applications. 
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Complex Ratio Bridge 
ALL SOLID STATE 

GERTSCH PRODUCTS, INC., 3211 S. 
LaCienega Blvd., Los Angeles, 
Calif. Precision voltage and phase 
comparator measures both in-phase 
and voltage ratios of any 3- or 
4-terminal network. Accuracy of 
in-phase measurements is greater 
than 0.01 percent of range. Quad-
rature accuracy: greater than 0.1 
percent of range. Model CRB-4 
features a self-contained, phase-
sensitive null indicator for rapid 
measurements. Unit operates over 
a range of 380-420 cps. 
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Random Noise Sources 
THREE MODELS 

H. H. SCOTT, INC., 111 Powdermill 
Road, Maynard, Mass. The 812, 813 
and 814 random noise sources pro-
vide random "white" noise with 
Gaussian amplitude distribution. 
Units utilize an octal socket for 
both standard console power input 
and random noise output. Thus the 
ultimate in design flexibility is 
available for system and laboratory 
applications. 
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Casting Resin 
EMERSON & CUMING, INC., Canton, 
Mass. Stycast TPM-6 is a cross-

TELEMETRY BY 

TELE-DYNAMICS 

NEW Low Level 
Subcarrier Oscillator 

The Type 1274A Low Level Subcarrier Os-
cillator is an outstanding member of Tele-
Dynamic's new line of transistorized tele-
metry components for today's aerospace 
applications. 

Designed to operate at unlimited altitudes, 
the 1274A can be activated by a ± 5 millivolt 
level differential signal. The input imped-
ance is greater than 90 K ohms. It is ex-
tremely stable, has true differential floating 
input, and inherent deviation limiting which 
prevents over-deviation of greater than ± 
22% from center frequency. Common mode 
rejection is 110 db min. for a 10 volt peak 
to peak AC signal up to 2100 cycles. Silicon 
transistors allow operation over broad tem-
perature ranges and latest packaging tech-
niques reduce the volume of the 1274A to 
only 4.5 cu. in. and its weight to approxi-
mately 4 ounces. 

For detailed technical bulletins, call the 
American Bosch Arma marketing offices in 
Washington, Dayton or Los Angeles. Or 
write or call Tele-Dynamics Division, Amer-
ican Bosch Arma Corporation, 5000 Park-
side Avenue, Philadelphia 31, Pa. Tele-
phone: TRinity 8-3000. 

TELE-DYNAMICS 
DIVISION 

41,WER/C4/1/ Asrosceir 4IIIZAFE4 

CœllipaglaTION 

5000 Parkside Ave., Philadelphia 37, Pa. 
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Got a glass problem? 
T.H. GARNER COMPANY 
IS DIFFERENT 

We machine-draw tubing 
to your new dimensions and 

ship in a matter of hours. 
If your problem can be resolved by new dimen-
sions (0.D., I.D., length) or tolerances, call us 
today for service. 

Our own glass tube drawing facilities running 
24 hours a day give us the flexibility to handle 
a variety of changes quickly. 

Your job is immediately assigned to one of 
several drawing and cutting systems guaranteed 
to produce the best quality and yields. 

Garner capacity for millions of parts weekly is 
built on routine manufacturing to many dimen-
sions in many glass types. Our quality is based on 
in-plant designed equipment. We can give you 
tolerance control 366 days a year. 

Reliability? Our rejection rate on over a billion 
parts shipped is less than Y4 of 1% by actual 
count. 

Send for Complete Data. 

T.H. GARNER COMPANY 
177 S. Indian Hill Blvd., Claremont, Calif. 
NAtional 6-3526 
Serving the electronic and instrumentation 
fields since 1953 
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This 600-Circuit Crossbar Scanner 
Provides Complete Program Flexi-
bility, Random Access, Near-Ideal 
Switching, and Over 20 Million 
Operations Per Circuit. 

[ -ell aitoe 
547 < o 

• 

We believe that the extraordinary command/control flexibility 
of this unique* Crossbar Scanner will compel the alert systems 
logician to investigate it minutely. To further stimulate that 
compulsion, we mention its clear-cut superiority to any other 

passive switching device. Bulletins 6010 and 60-117 are au— 
thoritative, explicit, and applications-oriented. 

*Use of this much-abused adjective is, in this case, justified by exclu-
sive U S. and Foreign Patents. 

ESTABLISHED 103171 

SOPHISTICATED SWITCHING SYSTEMS 

BOX 516, ROCHESTER 2, NEW YORK 

Plant & Offices: 

Honeoye Falls, N. Y. 

Phone: Honeoye Falls 485 

TWX RO 572-U 

linked polyethylene type formula-
tion, moderate in cost, readily 
machined and possessed of excellent 
electrical and physical properties. 
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Flying Heads 
FOR MAGNETIC DRUMS 

BRYANT COMPUTER PRODUCTS DIVI-

SION, Ex-Cell-0 Corp., Walled Lake, 
Mich. New flying magnetic head 
design promises to solve the prob-
lem of environmental and acci-
dental magnetic storage drum dam-
age. The units are designed on a 
non-contact, start-stop, double-reed 
principle. The heads sell for $12.60, 
$35 installed on a Bryant drum. 
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Deviation Calibrator 
FOR F-M MONITOR USE 

ADVANCED MEASUREMENT INSTRU-

MENTS, INC., 109 Dover St., Somer-

ville, Mass. The Monocal 500 f-m 
monitor deviation calibrator pro-
vides better than 0.5 percent de-
viation accuracy. It combines the 
functions of five separate instru-
ments previously required to deter-
mine the peak deviation of an f-m 
signal by the carrier-dropout 
method. Unit can be used directly 
with any f-m monitor tuning to 
12 Mc or equipped with a 12 Mc 
i-f strip. 
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Mesa Transistors 
TEXAS INSTRUMENTS INC., P.O. Box 
5012, Dallas 22, Texas. Line of 
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Dalmesa transistors for industrial 
communications offer extremely low 
1-f noise corner and high alpha cut-
off frequency. 
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Tunnel Diodes 
MINIATURE PACKAGE 

GENERAL ELECTRIC CO., Syracuse, 
N.Y., offers four miniature micro-
wave frequency germanium tunnel 
diodes. Featuring tightly control-
led, low peak currents, their result-
ing high negative resistance better 
answers the impedance matching 
requirements of many microwave 
systems. They are also designed for 
use in radar, vhf amplifiers and 
oscillators and other S-band equip-
ment. 
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0000.00air 

L-Band Amplifiers 
P-M FOCUSED 

SYLVANIA ELECTRIC PRODUCTS INC., 

1100 Main St., Buffalo 9, N.Y. Type 
TW-4267 (34 lb) provides over 15 
mw r-f output power and 35 db 
gain from 1,000 to 2,000 Mc. Type 
TW-4268 (4 lb) operates over the 
same range with more than 1 w r-f 
output power and 30 db gain. Tubes 
have a max diameter of 2/ in. 
Small quantity price for both types 
is $925. 
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The world's best Discriminators 

Model GFD-3 Model GFD-4 
Subcarrier Discriminator High-Frequency Discriminator 

Model 
GFD-3/TASL 

Modular Accessories: 

Model 
GFD-3/TSL 

Model 
GFD-3/TU/LSM 

Model 
GFD-3/TUA 

... and our customers have proved it! 

COMPARE THESE DCS FEATURES: 

• Super reliability — MTBF in excess of 5000 hours! 

• Optimum phase-locked tracking — operator controlled. 
• Widest frequency range —subcarriers to 1 mc. 

• Maximum adaptability — widest variety of modular accessories. 

• All solid-state — individual power supplies. 

• YET—priced below many models with inferior performance! 

Don't just take our word—ask our customers, who are actually using 
thousands of DCS Discriminators! 
For example, consider reliability. Actual field data gathered by 

users has shown MTBF in excess of 5000 hours! What's more, we 
guarantee our MTBF data! 

Also, DCS offers operator-controlled variable-loop tracking filters. 
Unlike inferior discriminators which are limited to a pre-set loop 
bandwidth and damping (claimed "optimum"), DCS Discrimina-
tors permit complete operator control in adapting characteristics 
of the phase-locked loop for truly optimum data reduction. A bench 
demonstration will quickly prove the superior performance possible 
with operator control. Numerous comparative customer evaluation 
reports attest to the superiority of the DCS operator-controlled 
phase-locked loop when signals are extremely weak. 
The DCS family of discriminators offers the widest frequency 

ranges available. Discriminators to accommodate subcarriers in ex-
cess of 1 mc, intelligence frequencies in excess of 100 kc, constant-
bandwidth, frequency translation, and predetection signals are 
standard, off-the-shelf products. 
For complete information on the entire family of DCS Discrim: 

inators and accessories, call your nearest DCS Field Engineer or 
write: Dept. E-8. 

%44Nre.et4éo.c Avt Zedr.ancd: 
Ground and Air 

Analog and Digital Data Components and Systems 

DATA-CONTROL SYSTEMS, INC. 
Los Angeles • Palo Alto • Wash.. D. C. • Cape Canaveral 

Horne Office, E. Liberty St., Danbury, Conn. • Pioneer 3-9241 
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VARIAN 

Potentiometer 

RECORDERS 

Offer exceptional 

versatility because... 

THERE ARE ACCESSORIES FOR 

ALARm/cornoL 
Alarm and control switches, and 
retransmitting slide wires, add 

a valuable dimension of simple 
control to the already-versatile 
two-channel G-22. With these 
optional accessories they can 
work unattended to control two 
variables within the 1%accuracy 
of the recorder, while making a 
permanent record of what has 
happened. 

11 accuracy, spans from 10 my to 
500 v, 1 second full-scale balance 
time, two chart speeds standard, four 
optional (56"/hr. to 16"/min.), full 
scale zero adjust, event markers and 
other options. Portable and rack. 
mounted models available from 
$1,075. Write Instrument Division: 

VARIAN 
associates 
PALO ALTO 1, CALIFORNIA 

PRODUCT BRIEFS 

POWER SUPPLIES noise-free. Ray-
theon Co., Sorensen Products, South 

Norwalk, Conn. (327) 

CAPACITOR PACKAGES resin encapsu-
lated mica. Cornell-Dubilier Elec-
tronics Division, 50 Paris St., New-
ark, N. J. (328) 

MOUNTING CHASSIS high flexibility. 
Vent-Rak, Inc., 525 South Webster 
St., Indianapolis 19, Ind. (329) 

BOOSTER AMPLIFIER solid state. Phil-

brick Researches, Inc., 127 Clar-
endon St., Boston, Mass. (330) 

WAVEGUIDE TEES Cover 2.6 to 40.0 
Ge range. Waveline, Inc., Cald-
well, N. J. (331) 

PULSE COUNTING SYSTEMS single and 
dual channel. Harvey-Wells Elec-

tronics, Inc., 14 Huron Drive, 
Natick, Mass. (332) 

FERRITE ISOLATOR X-band. Sylvania 

Electric Products Inc., 1100 Main 
St., Buffalo 9, N. Y. (333) 

A-C PREAMPLIFIER very low noise. 
Keithley Instruments, 12415 Euclid 

Ave., Cleveland 6, Ohio. (334) 

METER CALIBRATOR portable, low 
cost. Twine() Inc., 10 Cheney St., 
Roxbury 21, Mass. (335) 

RELAY high voltage. Resitron Lab-
oratories, Inc., 2908 Nebraska Ave., 

Santa Monica, Calif. (336) 

TOROID WINDER for small coils. Con-
trolomag Laboratories, Box 16, 
Ottsville, Pa. (337) 

POWER SUPPLY adjustable-response-
time. Perkin Electronics Corp., El 
Segundo, Calif. (338) 

TRANSISTOR VOLTMETER phase sensi-
tive. Trio Laboratories, Inc., Plain-
view, L. I., N. Y. (339) 

MICROMINIATURE CERAMIC CAPACI-

TOR axial leads. Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, 
N. J. (340) 

SERVO MOTOR viscous damped. Rear-
fott Division, General Precision, 
Inc., 1150 McBride Ave., Little 

Falls, N. J. (341) 

VOLTAGE-TUNABLE MAGNETRON for 
L-band. General Electric Co., Sche-
nectady 5, N. Y. (342) 

The reliable 
line with 

wide range 
design 

flexibility! 

Standard Types 
from 5 to 
1000 Watts 

RHEOSTATS 

MIL and 
Custom 
Types to 
Your 
'Specs' 

"Gray Line" Rheostats are 
exceptionally rugged . . . 
feature proven principles 
of construction that meet 
the most exacting specifi-
cations. Special design fea-
tures assure long life and 
protection under extremes 
of humidity and abnormal 
atmospheric conditions. 
The "buss bar" contact arm 
automatically adjusts for 
complete, continuous con-
tact and smooth, flexible 
control. H - H blue-gray, 
high temperature enamel 
is thermo shock proof, 
gives increased service life. 

Hardwick Hindle "Gray Line" 
Rheostats, Resistors, and po-
tentiometers are 
available nation-
wide at all H-H 
authorized dia- SWEETS 
tributors. 

HARDWICK 
HINDLE•INC 

40 Hermon Street ehe Mark 
Newark 5, New Jersey of Quality 

since 1924 
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NEW 
transistorized 
GAUSSMETER 
MODEL 900 

This quality precision built Gauss. 
meter provides direct reading of flux 
densities from 0.3 gauss full scale 
to 30,000 gauss with an accuracy of 
±2.5%. Repeatability of readings 
0.5%. Ideal for measuring and locat-
ing stray fields, plotting variations in 
strength and performing rapid com-
parisons of production lots against 
a standard. 

SPECIAL FEATURES 
• The eleven position Range Selector 

provides full scale readings of 0.3, 
1, 3, 10, 30, 100, 300, 1000, 3000, 
10,000 and 30,000 gauss. 

• Significant readings as low as .05 
gauss. 

• Upper range extension, for compara-
tive readings to 100,000 gauss. 

• Versatile—probes employing either 
indium arsenide or bismuth ele-
ments can be used. 

• Operates from AC supply or from 
own self-contained batteries for field 
use. 

TRANSISTORIZED GAUSSMETER 
MODEL 874 

This instrument was designed to pro-
vide industry with a modestly priced, 
precision instrument for direct reading 
of DC flux fields from 5 to 30,000 
gauss. The 5 position Range Selector 
provides full scale readings of 0.3, 1, 
3, 10 and 30 kilogauss by use of the 
temperature stable indium arsenide 
probe. Light in weight, completely 
portable and operating on internal 
batteries, the 874 is ideal for "in 
plant" or field use. 

Complete with probe—$195.00 

Write to   
Irk= 

1075 Stewart Avenue, Garden City, N. Y. 
CIRCLE 215 ON READER SERVICE CARD 
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Literature 
of the Week 

MINIATURE TUBES Raytheon CO., 
55 Chapel St., Newton 58, Mass. 
Handbook contains complete de-
scriptions of 142 miniature vacuum 
electron tubes. (343) 

TELEMETRY RECEIVER Defense 
Electronics, Inc., 5451-B Randolph 
Rd., Rockville, Md., offers a data 
sheet on model TMR-6 136 Mc tele-
metry receiver. (344) 

GYROS Kearfott Division, General 
Precision, Inc., 1150 McBride Ave., 
Little Falls, N. J., has issued a re-
vised edition (60 pages) of "Tech-
nical Information for the Engineer 
—Gyros." (345) 

PAPER-TAPE REELER Omnitronics, 

Inc., 511 N. Broad St., Philadelphia 
23, Pa. Bulletin gives specifications 
for model RS-400 high-speed pa-
per-tape reeler. (346) 

D-C AMPLIFIER KinTel Division 
of Cohu Electronics, Inc., 5725 
Kearny Villa Road, San Diego, 12, 
Calif. Data sheet 2-96 discusses 
model 114C differential d-c ampli-
fier. (347) 

CONTROL PEDESTALS Anelex Corp., 
150 Causeway St., Boston, Mass. 
Brochure describes control pedes-
tals for series 4-1000 high speed 
line printers. (348) 

TRANSIENT DETECTORS Regent 
Controls, Inc., Harvard Ave., Stam-
ford, Conn. Bulletins cover tran-
sient detectors—one with meter, 
the other with potentiometer read-
out. (349) 

BASIC SWITCHES Micro Switch, 
Freeport, Ill. Data sheet describes 
a 22-ampere steady state current 
capacity switch type. (350) 

P-C CONNECTOR Lionel Electronic 
Laboratories, 1226 Flushing Ave., 
Brooklyn 37, N. Y., has issued a 
data sheet on type 310 dip solder 
printed circuit connector. (351) 

SILICON DIODES Computer Diode 
Corp., 250 Garibaldi Ave., Lodi, 
N. J. Specifications of five high-
current silicon diodes are contained 
in catalog D-101. (352) 

THICKNESS GAGE Dawe Instru-
ments Ltd., Harlequin Ave., Great 

VARIAN 

Potentiometer 

RECORDERS 

The logical "first choice" 

because... 

TOTAL DESIGN IS 

FUNCTIONAL 
Carry it anywhere — put two 
side-by-side in a rack. Its shape 
is ideal for both. And its per-
formance is multi-purpose too: 
wide choice of ranges, acces-
sories, options and plug-ins. 
Chances are it has the capabil-
ity to record for you in a variety 
of assignments. 

The Varian G-11A is 10" high, 8e 
wide,79edeep; 15 lbs.; 1% accuracy; 
ranges from 10 my to 100 v d. c. full 
scale; wide choice of charts and chart 
speeds for millivolt, milliamp and 
direct temperature recording from 
thermocouples. Write for full specifi-
cations to Instrument Division. 

VARIAN 
associates 
PALO ALTO 1, CALIFORNIA 
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they even work toasted ! 

At 25°, almost any pot can be a hero! But push them right on up 
to their ambient limits — and design begins to tell. The test-bench 
engineers will tell you that ACEPOTS have an endearing habit 
of running with 25°C-reliability at 165°C! That's why they're 
specified when high temperature operation is important. 

Here are ACEPOTS' special design features: a molded insulating 
bond between contact and shaft to eliminate any play or change 
in wiper pressure: an improved higher tempera-
ture-resistant winding card, which never changes 
shape with heat: superior insulation between case 
and resistance element; and chemical and thermal 
stabilizing procedures at high temperature prior to 
final sealing which cure all elements. Which is 
why, simply, at high temperature — ACEPOTS 
work. See your ACErep and try them for yourself! 

This Ye ACEPOT®. designed for conservative operation to 165°C, 
typifies ACEPOTS' utmost reliability throughout full temperature 
cycling. 

ACE 
AcePote 

ELECTRONICS ASSOCIATES, INC. 
^ 99 Dover Street, Somerville 44, Moss. 

SOmerset 6.5130 TMX SMVI. 181 West. Union WUX 

Acetrine Acme Aceohme 'Reg. Appt. lot 

West Road, Brentford, Middlesex, 
England. Catalog leaflet describes 
a transistorized ultrasonic thick-
ness gage. (353) 

SWITCHES & THERMOSTATS Metals 

& Controls Inc., a corporate divi-
sion of Texas Instruments Inc., 34 
Forest St., Attleboro, Mass. Two 
bulletins show 42 representative 
switch and thermostat packages 
respectively. (354) 

WAVEGUIDE MATERIAL Emerson & 
Cuming, Inc., Canton, Mass. Multi-
colored chart with photographs of 
end-products tabulates rod and 
sheet stock available. (355) 

COMMERCIAL CAPACITORS General 
Electric Co., Schenectady 5, N. Y. 
GEZ-3368, two pages, describes 
tubular Lectrofilm capacitors for 
commercial applications. (356) 

TWT'S & SWO'S Sylvania Electric 
Products Inc., 1100 Main St., Buf-
falo 9, N. Y., has available a travel-
ing-wave tube/backward-wave os-
cillator catalog. (357) 

GERMANIUM DIODES National 
Transistor Mfg., Inc., 500 Broad-
way, Lawrence, Mass., has issued a 
catalog on high-reliability germa-
nium diodes. (358) 

TERMINALS & FEED THROUGHS 

Metalizing Industries, Inc., 338 
Hudson St., Hackensack, N. J. Bul-
letin describes high temperature 
metalized ceramic terminals and 
feed throughs. (359) 

HERMETIC SEALS The Carborun-
dum Co., P. 0. Box 268, Perth Am-
boy, N. J. Brochure covers custom-
made metal-bonded ceramic-metal 
assemblies and metal bonded ce-
ramics. (360) 

FIXED PAD ATTENUATORS Applied 
Research, Inc., 76 S. Bayles Ave., 
Port Washington, N. Y. Fixed pad 
attenuators, terminations and im-
pedance transformers are covered 
in a brochure. (361) 

VACUUM TUBE TECHNOLOGY Litton 
Engineering Laboratories, P. 0. 
Box 949, Grass Valley, Calif., has 
published a 4-page brochure on its 
products and facilities in the field 
of vacuum tube technology. (362) 

DIODES & RECTIFIERS Erie Resis-
tor Corp., 644 W. 12th St., Erie, Pa. 
Bulletin describes a line of silicon 
diodes and rectifiers. (363) 
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BENDIX 
25-AMP 
DAP'S! 

Bendix ,t 25-amp DAP(Diff used Alloy 
Power) transistors are designed for 
high-temperature, high-current, 
microsecond switching. They're 
'Dynamically Tested', an exclusive 
Bendix quality control process that 
tests each unit to assure uniform 
reliability. In addition to their high 
current switching capabilities (typi-
cally 25 amperes in 4 ¿-sec) Bendix 
25-amp DAP'‘ offers circuit stability 
over a wide range of temperatures 
(from —60°C to +110'C). They're 
rated al high collector-to-emitter 
breakdown voltages, provide low 
input resistance, controlled current 
gain, and low saturation voltage. 
Write to Holmdel, N.J., for details. 

Tstg 

oc 

Absolute VCE VCB 
Maximum 
Ratings: Vdc Vdc Adc 

2N1651 60  60  25 

2N1652  100  100  25 

2N1653 120 120 25 

100 '  —60 to +110  110 

100 I  —60 tO -I-110  110 

100 —60 to +1 10 110 

• • PC is the maximum average power dissipation. It can be exceeded during the 
switching time. 

Bendix Semiconductor Division 
CORPOR AT ION 

Main Office: South St., Holmdel, N. .1.—Ph: SH 7-5400 • New England Office: 114 Waltham, Lexington, Mass.—Ph: VO 2-7650 • Detroit Office: 12950 W. 8 Mile Rd., Detroit 37, Midi—Ph: JO 6-1420 
• Midwest Office: 2N565 York Rd., Elmhurst, Ill.—Pti: BR 9-5050 • West Coast Office: 117 E. Providencia Ave., Burbank, Calif.—Ph: VI 9-3961 • Canadian Affiliate: Computing Devices of 
Canada, P.O. Box 508, Ottawa 4, Ont. • Expert Office: Bendix International, 205 E. 42nd Street, New York 17, N.Y. Stocking Distributor: Contact nearest sales office for name of local distributor. 
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100 K ohms in a 3/4"* wirewound 
trimmer pot! Only Atohm has it! 

Atohm precision, high reliability pots provide higher resistances, 
better resolution, higher wattages, larger wire-per-value for 
greater reliability, niachine-wound elements for uniformity and 
lower cost, and other design advantages that merit your consid-
eration. Write for the new Atohm catalog, 
It makes trimmer pot selection easy. 

ATOHM ELECTRONICS INC. 
7648 San Fernando Road. Sun Valley. California ATOHM ELECTRONICS 

'between mounting holes 

Electronic Parts and Other Close Tolerances 

WELDING without fear 
of lead wire crystallizing 

TO-5 & TO-18 PACKAGES 

Write or call for more information 

ELECTRO WELD COMPANY 
55 Got% Road, Hawthorne, New Jersey • Phone. HA 7-6800 
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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! 
Design, Production, and Man-
agement. Put your advertis-
ing where it works hardest... 

HIGH PURITY 
METALS 

AND 

ELECTRONIC 
MATERIALS 
METALS AND ALLOYS 
ALUMINUM ANTIMONY 
ARSENIC BISMUTH 
CADMIUM GOLD 
INDIUM LEAD 
SILVER TIN ZINC 

High purity alloys are made 
from these metals to customer 
specifications. 

STANDARD FORMS 
INGOTS SHEET 
BARS SHOT 
RODS POWDER 
RIBBON WIRE 

PREFORMS 
Preforms are available in a range 
of sizes and shapes such as 
discs, dots, washers, squares 
and spheres. Enquiries are 
invited on our alloy preforms. 

COMPOUND 
SEMICONDUCTORS 

INDIUM ANTIMONIDE 
Available as crystals, wafers, 
circles, rings and other shapes 
made to precise tolerances. 

CHEMICALS 
SALTS SOLUTIONS 

COMINCO 
PRODUCTS INC. 
Electronic Materials Department 

933 West Third Avenue 
Spokane, Washington 

Ph. RI 7-7103 TWX: SP 311 

in electronics 
98 
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BENDIX 
25-AMP 
DAP'S! 

Bendixx 25-amp DAP(Diffused Alloy 
Power) transistors are designed for 
high-temperature, high-current, 
microsecond switching. They're 
'Dynamically Tested', an exclusive 
Bendix quality control process that 
tests each unit to assure uniform 
reliability. In addition to their high 
current switching capabilities (typi-
cally 25 amperes in 4 µsec ) Bendix 
25-amp DAP'. offers circuit stability 
over a wide range of temperatures 
(from —60°C to +110-C). They're 
rated e high collector-to-emitter 
breakdown voltages, provide low 
input resistance, controlled current 
gain, and low saturation voltage. 
Write to Holmdel, N.J., for details. 

Absolute VCE VCB IC PC • Tstg T. 
Maximum 
Ratings: Vdc Vdc Adc W C'C 

2N1651 60  60  25  100  —60 to f110  110 

2N1652 100 100  25  100  —60 to -I-110  110 

2N1653 120 120 25 100 —60 to +110 110 

• • PC is the maximum average power dissipation. It can be exceeded during the 
switching time. 

Bendix Semiconductor Division T717/1tie 

CORPORATION 

Main Office: South St., Holmdel, N.J.—Ph: SH 7-5400 • New England Office: 114 Waltham, Lexington, Mass—Ph: VO 2-7650 • Detroit Office: 12950W. 8 Mile Rd., Detroit 37, Midi—Ph: JO 6-1420 
• Midwest Office: 2N565 York Rd., Elmhurst, Ill.—Ph: BR 9-5050 • West Coast Office: 117 E. Providencia Ave., Burbank, Calif.—Ph: VI 9-3961 • Canadian Affiliate: Computing Devices of 
Canada, P.O. Box 508, Ottawa 4, Ont. • Export Office: Bendix International, 205 E. 42nd Street, New York 17, N.Y. Stocking Distributor: Contact nearest sales office for name of local distributor. 
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100 K ohms in a 3/4"* wirewound 
trimmer pot! Only Atohm has it! 

Atohm precision, high reliability pots provide higher resistances, 
better resolution, higher wattages, larger wire-per-value for 
greater reliability, machine-wound elements for uniformity and 
lower cost, and other design advantages that merit your consid-
eration. Write for the new Atohm catalog, 
It makes trimmer pot selection easy. 

ATOHM ELECTRONICS INC. 
64) 

OHM. V1 
7648 San Fernando Road. Sun Valley. Califon.., ATOHM ELECTRONICS 

'between mounting hole 
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Electronic Parts and Other Close Tolerances 

WELDING without fear 
of lead wire crystallizing 

TO-5 & TO-18 PACKAGES 

Write or call for more information 

ELECTRO WELD COMPANY 
55 Goffle Road, Hawthorne, New Jersey • Phone: HA 7-6800 
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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! 
Design, Production, and Man-
agement. Put your advertis-
ing where it works hardest... 

HIGH PURITY 
METALS 

AND 

ELECTRONIC 
MATERIALS 
METALS AND ALLOYS 
ALUMINUM ANTIMONY 
ARSENIC BISMUTH 
CADMIUM GOLD 
INDIUM LEAD 
SILVER TIN ZINC 

High purity alloys are made 
from these metals to customer 
specifications. 

STANDARD FORMS 
INGOTS SHEET 
BARS SHOT 
RODS POWDER 
RIBBON WIRE 

PREFORMS 
Preforms are available in a range 
of sizes and shapes such as 
discs, dots, washers, squares 
and spheres. Enquiries are 
invited on our alloy preforms. 

COMPOUND 
SEMICONDUCTORS 

INDIUM ANTIMONIDE 
Available as crystals, wafers, 
circles, rings and other shapes 
made to precise tolerances. 

CHEMICALS 
SALTS SOLUTIONS 

COMINCO 
PRODUCTS INC. 
Electronic Materials Department 

933 West Third Avenue 
Spokane, Washington 

Ph. RI 7-7103 TWX: SP 311 

in electronics 
98 
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NEW TAPES TAME DESTRUCTIVE 

HEAD - HEAT COMPLEX 

SCOTCH BRAND Heavy Duty Instrumentation 

Tapes take new speed and friction tensions in stride! 

Today's trend to speed-up in the recording of 
instrumentation data—with tape speeds up to 
120 inches per second—can mean "Slow Down, 
Trouble Ahead!" for tapes that can't cope. 
On the other hand, "SCOTCH" BRAND Heavy 
Duty Tapes love to live dangerously—are 
made for challenging environments where tape 
speeds are fast and getting faster, where in-
stantaneous temperatures caused by friction 
between tape and head shoot up. Two new 
"Scurcli" Tapes—Heavy Duty Tapes 498 and 
499—are especially designed for applications 
where ordinary tapes soon wear out. 

The) live 15 lives. Actual field tests show that 
"SCOTCH" BRAND Heavy Duty Tapes last 15 
times as long as standard tapes . . . stoutly re-
sist high temperatures, both externally and 
internally generated. In in-
strumentation uses, where 
tensions caused by friction 
and heat make tape wear 
an important factor, these 
Heavy Duty Tapes pre-
serve the integrity of the 
coating, minimize rub-off 
and particle redistribution 
that separate tape from head ... and you from 
a signal. 
When the heat's on for ordinary tape (above 

150°F.), the binder softens and coating loosens 
from backing. Then the dropout count mounts. 
Not so with "Scarce Heavy Duty Tapes! 
They cooly withstand the damaging effects of 
temperatures up to 250°F., without blocking or 
layer-to-layer adhesion. And excellent resolu-
tion is maintained at high and low frequencies. 

High conductivity is another feature of 
"Scarce Heavy Duty Tapes . . . nearly 1000 
times that of conventional tapes! Static charges 
drain off without building up . . . you get a 
smooth, clean tape pass every time, with ex-
cellent resolution. This efficient static drain-off 
makes stray contaminants less likely to be 
attracted to the tape. 
At tape-killing paces—in speeds, tensions, 

temperatures—we suggest you consider these 
heavy-duty champions of the tape world: No. 
498 and (for extra recording time) No. 499. 
And for all your needs—in data acquisition, 
reduction, or control—there is a right "Scowl.'" 
BRAND tape for the job. 

Call your 3M Representative in all major 
cities . . . he's a helpful guy, a convenient 
source of supply and information. Consult him 
for details or write: Magnetic Products Div., 
3M Co., St. Paul, Minn. o 1961 3M Co 

SCOTCH" and the Plaid Design are registered trademarks of 3M Company, 
St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada: 
London, Ontario. 

AN: COMagnetic Products Division 3 comp 
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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 

Mitsumi Parts  
MITSUMI ELECTRIC CO., LTD. /1056-1, Koadachi, Kornae-cho, Kitatomo-gun, Tokyo, Japan 
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MAKING ROOM AT THE TOP 

See the 41 additional EICO instruments help-
ful for your lab and line work. Write for free 
catalog and name of neighborhood distributor. 

Dept. 10B 
3300 N. Blvd., L.I.C. 1, N. Y. 
Export Dept.: Roburn Agencies, Inc. 
431 Greenwich St., N. Y. 13, N. Y. 

EICO 

A
d
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EICO creates a new, 
professional lab quality 
test instrument series 
at moderate prices. 

AC VTVM & 
AMPLIFIER 
#250 

Kit $49.95, Wired $79.95 

VTVM: 12 ranges from lmv to 300v 
rms; response absolutely flat from 
10 cps to 600 kc; input impedance 
10MS2 shunted by 15µpf; accuracy 
+3% of full scale. 

Note: Average responding meter 
calibrated in rms. Linear 0-1, 0-3 
scales. Decibel scales based on 
Odb.lmw in 6002 with 10db in-
terval between ranges. 

AMPLIFIER: 60db gain on lmv range; 
response +0, —3db from 8cps to 
800kc; output to 5V rms undistorted, 
variable down to zero by attenuator 
control at output; input Impedance 
10M12, output impedance 5K2; hum 
& noise —40db for signal inputs above 
2mv. 

DESIGN QUALITY: All frame-grid 
tubes; 60db frequency-compensated 
input attenuator ahead of cathode 
follower with 10db/step attenuator 
following; two-stage R-C coupled am-
plifier and full-bridge meter circuit in 
one overall feedback loop; no response 
adjustment required in amplifier cir-
cuit; single sensitivity adjustment; 
voltage-regulated power supply. 50/60 
cycle operation. 

EICO MODEL 255 AC VTVM 
Identical to Model 250 described 
above, but less amplifier facility. 50/60 
cycle operation. 
Kit $44.95 Wired $72.95 
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COSMIC 

MICO 
NEW HEAVY 

DUTY 2 8 3 

DIMENSIONAL 

ENGRAVER 

1. 

P1 rt if1.011 

1p/hint/ifs 

FOR 
Engraving 

Nameplates 
Fine Routing Work 
Profiling Small 

Objects 
Making Small Dies 

and Molds 

UHF COAXIAL 
WAVEMETERS 

2-75 
Centimeier 
Range 

Send for Illustrated Catalogs. 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge 38, Mass. 
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IMMEDIATE DELIVERY 
ANYWHERE 
IN THE 
NATION 

ELECTROLYTIC 
PAPER TUBULAR 
CONDENSERS 
"35 YEARS OF PROVEN 

DEPENDABILITY" 

COSMIC CONDENSER CO. 
853 WHITTIER STREET, BRONX, N. Y 

LUdlow 9-3360 
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Get 
Rocket-
Fast 
Shipment 

No long countdowns here. 
Allmetal stainless fasteners 
are stockpiled in advance 
—ready to go on your order. 
Fasteners in Commercial, 
AN, MS specs. You get fast 
delivery, precision quality, 
plus mass production 
economy when buying 
direct from stock. 
Special fasteners also 
fabricated to your exact 
requirements on extremely 
short notice. Full range of 
raw materials assures. 
prompt service. Simply send 
blueprint or specifications. 

Pins • Bolts • Nuts • Screws 
(including slotted and Phillips it 
—magnetic and non-magnetic) II 
• Washers • Cotters • Rivets 
• Rods • Studs • etc.  

PHONE OR WRITE 
for prompt quotation or Id 
shipment. Send for catalog 

1r Iii 
Àil r4ldflçelr4ef 

SCREW PRODUCTS COMPANY, INC. 
Manufacturers of Stainless Fasteners Since 1929 

821 Stewart Avenue, Garden City, L.I., N.Y. 
Phone: Pioneer 1-1200 T1VX GCY 603 

Midwest Division 
6424 W. Belmont Avenue, Chicago 34, Illinois 
Phone: AVenue 2-3232 TIVX CG 3185 
West Coast Division — Office and Warehouse 

5822 West Washington Blvd., Culver City, Calif. 
Phone: WEbster 3-9595 TWX LA 1472 

CIRCLE 218 ON READER SERVICE CARD 
October 20, 1961 

NEW BOOKS 

Essentials of 
Radio-Electronics 
By MORRIS SLURZBERG and WIL-
LIAM OSTERHELD 

McGraw-Hill Book Co., Inc., New 
York, Second Ed., 1961, 716 p, $10. 

"ESSENTIALS OF RADIO", the 1948 
first edition of this book, has now 
been brought up to date with some 
of the most important recent de-
velopments such as the transistor 
circuit. 
The text is aimed at students in 

junior colleges, technical institutes, 
and for home study by non-tech-
nical people. For this reason the 
mathematics is kept to a minimum; 
however, the explanations are very 
thorough and detailed. Numerous 
examples and illustrations relate 
the principles to everyday items 
such as radio receivers and high-
fidelity sets. Questionnaires and 
numerical examples after each 
chapter test the students progress. 

For the technician, youngster, or 
science enthusiast, this book will 
supply an excellent background un-
derstanding of electronics.—G.V.N. 

Wave Propagation 

and Group Velocity 
By LEON BRILLOUIN 

Academic Press, New York and 
London, 154 p, $6. 

THIS BOOK is very helpful and au-
thoritative for physicists and engi-
neers who are interested in obtain-
ing a thorough understanding of 
the subject of wave propagation 
velocities of dispersive media. 
Phase velocity, the group velocity 
of Lord Rayleigh, the signal ve-
locity of Sommerfeld, and the ve-
locity of energy transfer in dis-
persive media are defined and 
subjected to detailed comparisons. 

In the first chapter the situation 

GROWTH! Vector announces a new COM-
MERCIAL and INDUSTRIAL DIVISION— 
formed to develop and manufacture a full 
line of communication equipment and digital 
instruments. 

Vector's experience gained in development 
and manufacture of aero-space and medical 
electronics products now will be applied in 
meeting the requirements of commerce and 
industry. 

Write for information on Vector's commercial 
and industrial capabilities and products. 

•VECTOR MANUFACTURING CO., INC. 
Commercial and Industrial Division 
Southampton, Pennsylvania 
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50 watts from dc to 500 kc with this 

new direct-coupled amplifier! 

NEW from Krohn-Hite: this unique combination of high power and 
bandwidth! The Model DCA-50 offers you the convenience of 50-watt 
amplification of all sources from dc to one-half megacycle, without the 
bother of changing amplifiers or bandswitching! 

The DCA-50's low distortion— less than 0.2%— makes it the perfect 
complement for low-distortion, quality oscillators ... for unexcelled 
performance over the entire frequency range. And by cascading two 
DCA-50's, you get a full 100 watts of virtually distortion-free push-
pull power! 

Output — to 450 volts peak to peak, to 2.5 amps peak to peak. Fre-
quency response is flat to within one db, from dc to 500 kc. Stability is 
excellent for both output dc level and gain. 

So when you need power amplification, with high current, get the 
real flexibility of dc-through-rf bandwidth. And, because of the 
DCA-50's low-distortion specifications, this direct-coupled amplifier 
is ideal for systems where variable frequency power is needed. Write 
for full information. 

Other Krohn-Hite amplifiers include the direct-coupled 10 watt 
DCA-10, and the ultra-low distortion (0.005%) 50 watt UF-101A. Also, 
Krohn-Hite Oscillators, Filters and Power Supplies. 

frej KROHN-HITE CORPORATION 
580 Massachusetts Avenue • Cambridge 39, Mass. 

Pioneering in Quality Electronic Instruments 

preceding 1910 is summarized. It 
was about this time that A. Som-
merfeld started discussing the 
problem. He set the mathematical 
basis for later work by Brillouin 
and others. An authorized trans-
lation of an important paper by 
Sommerfeld constitutes Chapter 2. 

In Chapter 3 the use of the 
saddle-point methods of integra-
tion of an integral in the complex 
plane is discussed. This integral 
was derived by Sommerfeld as a 
representation of a signal which is 
terminated on one side only. A 
physical interpretation of the re-
sults is then given. 

Chapter 4 is devoted to a discus-
sion of propagation of electro-
magnetic waves in material media. 
The problem is stated in general 
terms and an attempt is made to 
see how much can be proved in 
this way. In Chapter 5 the proper-
ties of a dielective medium are 
are specified and are applied to the 
general formulas which were devel-
oped in Chapter 4. 
The last chapter is devoted to 

examples of the application of the 
methods developed. Acoustic waves 
are discussed first. This is followed 
by a discussion of electromagnetic 
guided waves. 
The definitions given in this book 

play an important role in many 
problems in wave propagation, in-
cluding wave mechanics. A variety 
of examples in which these defini-
tions come into play is given in an-
other book by the same author en-
titled "Wave Propagation in Peri-
odic Structures." — ROBERT E. 
BEAM, Professor of Electrical En-
gineering, Northwestern .Univer-
sity, Evanston, Illinois. 

Nondestructive Testing 
By WARREN J. McGONNAGLE 

McGraw-Hill Book Co., New York, 
1961, 455 p. $15. 

THE AUTHOR is a physicist in charge 
of nondestructive testing in the 
metallurgy division of Argonne Na-
tional Laboratory. He has, how-
ever, succeeded in broadening his 
scope far beyond the testing of 
nuclear reactor components. Most 
of the methods described are perti-
nent to industry in general, par-
ticularly those producing metals 
and metal parts. An added bonus 
for the electronics industry is that 
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ADVANCE 
WITH TI! 

NEW GROWTH OPPORTUNITIES 
IN SYSTEMS AND COMPONENTS 

RF DESIGN ENGINEER. To design new, 
completely solid state RF compo-
nents for missile and space flight 

test equipment. Experience in 

VHF, UHF, and VHF transmitter 

design, with background in design 

and development of solid state RF 

circuitry, FM techniques, auto-

matic frequency control. Thorough 
knowledge of miniaturized missile 
electronic packaging. 

PCM ENGINEER. For digital data 

transmission and logic design. 

Solid state circuit experience de-

sirable. Association with miniature 

electronic equipment for missile 

and space vehicle applications 

necessary. Assignment will be in 
new expanding field of digital tele-

metering for missile and space 
flight test systems. 

INFORMATION THEORY — DETECTION 

THEORY SPECIALIST. MS or PhD in 

physics, EE or math. Three to five 

years experience in advanced mod-

ulation and detection techniques, 

coding theory. CCM applicable to 
radar, sonar and communication 

systems. Will perform investiga-
tion, analysis and development of 

advanced techniques employed in 

detection and location equipment. 

TEST EQUIPMENT ENGINEER. For ad-

vanced work in high-speed switch-

ing and pulse circuitry for computer 

applications. Broad experience in 

industrial areas of component in-

strumentation design, in quality 
control work, with background in 
systems intergradation. 

Advance your career with Texas 

Instruments. Send confidential 

resume to: 

HUGH WILLIAMS, Dept. 12, 

APPARATUS DIVISION 

TEXAS 
INSTRUMENTS 
INCORPORATED 

BOX 6015, DALLAS 22, TEXAS 

An equal opportunity employer. 

GERTSCH 
VARIABLE PHASE 

STANDARD 

-- permits shifting of phase between 

2 self-generated voltages to any desired 

angle, with accuracy better than .050 

Precise generation of voltage vectors. The Gertsch VPS-1 

generates 2 signals differing in phase by any angle from 0° to 

360°, as determined by front-panel controls. The reference signal 

has a fixed amplitude of 50V rms. The vector output, which may 

be displaced in phase, has a maximum amplitude of 50V rms, and 

can be attenuated in steps of 50 mv within a range of 0-50V rms. 

Operation at any 3 frequencies within a range of 150-3000 

cps is provided by a front panel selector switch. Fine adjust con-

trol permits varying the frequencies -±-5% max. 

Completely self-contained-unit requires no accessories for op-

eration. Case or rack mounted. Send for literature VPS-1. 

678PleSCÁ 
GERTSCH PRODUCTS, Inc., 

3211 South La Cienega Boulevard, Los Angeles 16, California / UPton 0-2761 — VErmont 9-2201 
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TELEMETRY BY 

TELE-DYNAMICS 

Voltage Controlled 
Oscillator 

Positive, reliable oscillator performance is 
essential to your aerospace telemetry needs. 
And Tele-Dynamic's newest—the Type1270A 
Voltage-Controlled Oscillator is representa-
tive of Tele-Dynamic's creative effort in the 
complete telemetry field. 

Characterized by excellent overall specifica-
tions, this new oscillator is high in electrical 
performance and environmental character-
istics. Input 0 to 5 volts or ± 2.5 volts, 
linearity ± 0.25% best straight line . . . a 
power requirement of 28 volts at 9 milliamps 
maximum. Distortion is 1% and amplitude 
modulation 10%. 

Environmental characteristics include ther-
mal stability of ± 1.5% design bandwidth 
from —20°C to +85°C, unlimited altitude, 
30G random vibration and 100G acceleration 
and shock. The 1270A weighs less than two 
ounces and has a volume of two cubic inches. 

For detailed technical bulletins, call the 
American Bosch Arma marketing offices in 
Washington, Dayton or Los Angeles. Or 
write or call Tele-Dynamics Division, Amer-
ican Bosch Arma Corporation, 5000 Park-
side Avenue, Philadelphia 31, Pa. Tele-
phone TRinity 8-3000. 

Ulf 

TELE-DYNAMICS 
DIVISION 

iivireaftwAe Arose," demmis 
coluDommonv 

5000 Parkside Ave., Philadelphia 31, Pa. 

as the reader is acquainted with the 
principles of the test equipment, 
much of it electronic. Equipment 
designers and manufacturers are 
also provided with a survey of needs 
and developments in this field. 
There are dozens of methods that 

can be used singly or in combina-
tion to detect flaws, measure physi-
cal properties and define nonuni-
formities without damaging ma-
terials or parts. These range from 
relatively simple methods like tem-
pgrature crayons and magnetic par-
ticle inspections to other visual and 
optical techniques, pressure and 
leak testing, liquid penetrants, 
x-ray and gamma radiography, ul-
trasonics, dynamic testing, mag-
netic methods, electric and eddy 
current instruments and techniques, 
and a variety of others. Thickness 
measurement is also surveyed. 

There are many examples of 
solutions to specific problems. More 
importantly, the author explains 
the physical principles of each test 
method, enabling the reader to de-
vise applications of the method to 
novel problems.—G.S. 

Linear Systems Analysis 
By P. E. PFEIFFER 

McGraw-Hill Book Co., Inc., New 
York, 1961, 538 p, $12.50 

THE ENGINEER without formal train-
ing in linear systems will find the 
theory necessary for application in 
the first half of this text. Covered 
are complex variables, polynomial 
and rational functions, determi-
nents, Fourier series, Laplace trans-
formation and systems with vari-
ous degree of freedom. The rest 
of the book covers transfer func-
tion, matrices, signal-flow graphs 
and feedback theorems. 

The Consulting Engineer 
By C.M. STANLEY 

John Wiley & Sons, Inc., New York, 
1961, 258 p, $5.95 

NONTECHNICAL aspects of the con-
sulting engineer's professional life 
are covered in this book. Topics in-
clude organizing a consulting firm, 
typical accounting and billing pro-
cedures, contracts, ethics, and rela-
tions with clients and colleagues. 
This is a useful guide for a con-
sultant getting started or an engi-
neer contemplating striking out on 
his own.—J.C. 

'ITV LESS THAN 
4 SECONDS 

FROM THIS 

TO THIS ' 

OR THIS 

WITH THE REVOLUTIONARY 
PRODUCTION AID TOOL! 

"PIG-TAILOR"® 

Fool operated 
No accessories 
3 minute set up 

$125'00 

"PIG-TAILORING" 
a revolutionary new mechanical process for 
higher production at lower costs. Fastest 
PREPARATION and ASSEMBLY of Resistors, 
Capacitors, Diodes and all other axial lead 

components for TERMINAL BOARDS, PRINTED 
CIRCUITS and MINIATURIZED ASSEMBLIES. 

PIG-TAILORING eliminates: • Diagonal cutters 
• Long nose pliers • Operator judgment • 90% 
operator training time • Broken components • 
Broken leads • Short circuits from clippings • 
65% chassis handling • Excessive lead tautness 
• Haphazard assembly methods. 

PIG-TAILORING provides, • Uniform component 
position • Uniform marking exposure • Minia-
turization spacing control • "S" leads for termi-
nals • "U" leads for printed circuits • Individual 
tut and bend lengths • Better time/rote analysis 
• Closer cost control • Invaluable labor saving 
. Immediate cost recovery. 

Pays for itself in 2 weeks 

"SPIN-PIN"® 
Close-up views of 
"SPIN-PIN' illustrate 
lost assembly of 

tailored-lead wire to 

terminal. 

• No Training 
• No Pliers 

• No Clippings 
• Uniform Crimps 
• 22 Sizes 

PAYS FOR ITSELF 

THE FIRST DAYI 

$500 ..c. 

Write for illustrated book tc Dept. E-10 

BRUNO-NEW YORK INDUSTRIES CORP. 
DESIGNERS .4 MANUFACTURERS OF ELECTRONIC EQUIPMENT 

460 WEST 34th STREET • NEW YORK 1, N. Y. 
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e 

it's read 

more 

by all 4! 

electronics magazine covers engi-
neering and technically interpreted 
market trends every week. Govern-
ment, military and economic devel-
opments, new applications, and tech-
nical data you'll want to file and keep. 
Subscribe now and read it first (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 

Aircraft flight simulator at Cornell Aeronautical Laboratory puts new 
aircraft designs through their paces, saving countless dollars of Air 
Force development costs. Analog computer circuitry can pre-evaluate 
stability and control characteristics in advance of flight. 

Specified for reliability: 

Bristol choppers help 

pre-test tomorrow's aircraft 
Finding out just what a new superspeed jet or rocket aircraft will do before 
it leaves the ground—even before it leaves the drawing boards—is the job 
of the aircraft simulator at Cornell Aeronautical Laboratory, Inc., Buffalo, 
New York. 

This vital equipment, equivalent to a 
medium size analog computer, employs 
more than 600 transistors and hundreds 
of other components connected by more 
than five miles of wiring ... among them 
46 Bristol Syncroverter* choppers. High 
reliability, low noise and long life are the 
qualities that are recommending these 
choppers to more and more designers of 
critical circuitry. More than 200 models 
available. Write for full specifications. 

The Bristol Company, 

Aircraft Equipment Division, 
152 Bristol Road, Waterbury 20, Conn. 

A Subsidiary of 
American Chain & Cable Company, Inc. AÇCO 

*T.M. Reg. U.S. Pat. Off. --4-± 
r 

\ Cie 

10 Bristol Syncroverter* choppers 
(foreground) are used in this unit 
which governs "pilot's" instrument 
display. 1.25 

electronics 
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PEOPLE AND PLANTS 

Holmes: Get the Job Done 

"He proved what he can do when 
he ran the Bmews project and he'll 
do the same on this job!" 

This was one of many favorable 
comments made by friends and col-
leagues when they learned of the 
appointment of D. Brainerd Holmes 
to head NASA's $20 billion moon/ 
space project. The job Holmes is 
undertaking has been called by high 
government officials the most diffi-
cult, complex and costly technical 
enterprise ever undertaken by the 
U. S. Its aim—send a three-man 
expedition to the moon. 

Taking over his new job this 
month, Holmes leaves his RCA post 
as general manager of the Major 
Defense Systems Division. The six-
foot, 185-pound Cornell graduate 
(EE-1943) quipped that a problem 
involved with his new duties will be 
to find a good school in Washington 
for his two daughters (12 and 16) 
plus a house for his family. "I guess 
if I'm expected to get a man on the 
moon by 1970, I should be able to 
find a house by the end of this 
month," he said, smiling. 
Men who have worked with 

Holmes in the past say his Bmews 
experience will serve him well now. 
In 1957 he faced the problem of 
tapping the resources of almost 
3.000 companies, assembling men 
and materials in quantities un-
equalled since the days following 

Pearl Harbor, and getting deliver-
ies made to Greenland exactly as 
needed. Despite the difficulties im-
posed by weather and logistics, 
Holmes got the job done. 

Besides Bmews, Holmes has to 
his credit supervision of the ground 
support for Talos and countdown 
time reduction on Atlas from sev-
eral hours to a matter of minutes. 
Holmes says his appointment to 

the job of "Mr. Moon" came as a 
complete surprise to him. Two 
weeks before he was named, he had 
been to Washington to report on 
his Bmews experiences to a panel 
of space experts. Unknown to him, 
he was being evaluated for the new 
post while speaking. His conduct 
during the presentation clinched 
the NASA decision. 

Holmes thinks fast on his feet 
and can field rapid-fire questions. 
When someone recently asked him 
if $20 billion wasn't a lot of money 
to be tossed away on an attempted 
moon landing despite the many 
things such an amount could do in 
health, housing or welfare, his an-
swer came in seconds. 
"We have no choice," he said, 

"but to go ahead with a project of 
this nature. It is unlikely that we 
will continue to grow as a great 
world power unless we do so. This 
country couldn't possibly turn its 
back on a program of this kind be-

cause it has ramifications that af-
fect the entire American economy." 
The 40-year old executive has re-

signed from RCA and divested him-
self of all financial interest in the 
company. He says his family has 
given their enthusiastic support to 
the new venture despite the reduc-
tion in income. His busy life has 
left Holmes little time for hobbies 
and social activities and he expects 
little if any additional leisure on his 
new job. He sums up his philosophy 
on his immediate future by saying: 

"It isn't important that I was 
chosen for this job. What is im-
portant is that we quickly assemble 
400 or 500 people like myself to get 
the job done." 

GPI's Link Division 
Promotes McGowan 

JAMES M. MCGOWAN has been pro-
moted to the position of manager of 
simulator engineering at Link Di-
vision of General Precision, Inc., in 
Binghamton, N. Y. He was for-
merly manager of commercial 
projects in the simulator engineer-
ing department. 

Amphenol-Borg 
Combines Divisions 

AMPHENOL-BORG ELECTRONICS CORP., 

Broadview, Ill., has announced an 
expansion in the field of radio fre-
quency energy, with emphasis on 
the microwave portion of the spec-

1.4 electronics 



The naked eye comparison of 

quality of different brands of wire 

and cable is just as much an illusion as the art form above. 

To the touch and eye they seem identical. They may even 

have been made with similar materials and equipment. One 

brand, however, will outlast, outperform the others—Hitemp. 

Idle boast? No! Hitemp has the greatest store of experi-

ence in the industry—two modern production facilities that 

are second to none—and more than one-fourth of its entire 

work force devoted solely to inspection and quality control. 

Are lines A and B the same length? 

At Hitemp-Quality is not an 

----,--
t„. 

illusion 

Hitemp products are for you, the wire and cable user 

who requires quality and reliability that is fact, not illusion. 

Hitemp is a Division of Simplex Wire & Cable Company, Inc. 

HITEIVIP WIRES CO. 

1200 SHAMES DRIVE, WESTBURY, NEW YORK 
1532 S. CALIFORNIA AVE., MONROVIA, CALIF. 
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Lab setup shows SB-15a versatility. 11) FM 
display measures dynamic deviation. (2) and 
(3) are AM and SSB signals, respectively, with 
sine wave modulation. 

MORE ULTRASONIC 
ANALYSES faster easier 

high accuracy 

likOb 

ttemie 

PANORAMIC'S 
NEW, IMPROVED 

SB-15a 
spectrum analyzer 
0.1 kc to 600 kc 

Find, identify and analyze more types of 

ultrasonic signals with Panoramic's ad-

vanced Model SB-15a . . . economical, 

compact and completely self-contained. 

• Noise, vibration & harmonic analysis • Fil-
ter and transmission line checks • Telemetry 
analysis • Communication System Monitoring 
. . . and more—Power Spectral Density An-
alysis and Frequency Response Plotting (with 
companion equipment). 

SB-15a specifications: 

• Frequency Range: 0.1 kc to 600 kc • Sweep. 
width, variable, calibrated from 1 Ice to 200 kc 
• Center Frequency: variable, calibrated from 0 
to 500 kc • Markers: crystal controlled at 10 kc 
and 100 kc intervals • IF Bandwidth: variable, 
100 cps to 4 kc • Sweep Rae, variable, 1 cps 
to 60 cps • Amplitude Scales: Lin, 40 db log 
(extendable to 60 db), 2.5 db expanded • Sensi-
tivity: 200 itv to 200 y full scale • Accuracy: 

0.5 db. 

Write today for detailed technical data 

on the SB-15a . . . NEW CATALOG 

DIGEST . . . and regular mailing of 

THE PANORAMIC ANALYZER, featuring 

application data. 

See us at E.I.M.E. 
women 
// 

F Panoramic 
ELECTRONICS, INC. 

4 110:fr 

dependable 
CERTIFIED 

SPECIFICATIONS 
bar accurate 

data. 

Sec. 2900 
Formerly Panoramic Radio Products. Inc. 

530 So. Fulton Ave., Mt. Vernon, N. Y. 

OWens 9-4600 • TWX: MT-V-NY-5229 
Cables: Panoramic, Mt. Vernon, N. Y. State 

See us at NEREM—Booth 809 

trum. As part of the program the 
company's two divisions in the 
field, FXR and RF Products, have 
been combined into an enlarged 
unit to be known as FXR, with Neil 
M. Blair as president. 

Blair headed the former RF 
Products division and was operat-
ing director of the FXR factory 
complex. 
The new division will have head-

quarters in Danbury, Conn. 

ICF Names Davies 
Technical Advisor 

GOMER L. DAVIES has been named 
technical advisor at Instrument 
Corp. of Florida, Melbourne, Fla. 
He is a consulting engineer spe-
cializing in instrumentation appli-
cations of magnetic tape. 
ICF designs and develops photo-

grammetric and electronic instru-
mentation. 

Avien Appoints 
Operations V-P 

APPOINTMENT of Clifford E. Willis 
as vice president of operations, a 
newly created post at Avien, Inc., 
Woodside, N. Y., has been an-
nounced by Leo A. Weiss, president. 
At the same time Weiss an-

nounced the establishment of four 
new divisions: Antenna, responsi-
ble for the patented Avien-Borgner 
antennas and antenna systems; 

Gerlis 

ANALOG TO 
PULSE DURATION 
INSTRUMENTATION 

1,• @eee@ 

Weirrit 1 

HERE'S THE FIRST 
SMALL COMPLETE 
DATA-ACQUISITION 
SYSTEM The new low-cost 

Genisco APD Data 
Acquisition system is a complete and 
compact solid-state packaged system 
designed to meet a wide range of 
instrumentation requirements. You can 
use it to read out thermocouples, 
resistance thermometers, strain-gage 
transducers or any other DC voltage 
low-impedance sensors. Modular plug-in 
board design allows great flexibility— 
one chassis can provide a complete 
20-channel system. 

Data is sampled at 20 samples per 
second; repeatability is 0.1% of full 
scale. Output can be shown or recorded 
directly in engineering units with sign 
indication and channel identification. 
Readout can be converted to punch 
tape, magnetic tape, typewriter or other 
storage medium. 

The new Genisco APD requires low 
power and is ideal for portable, lab-
oratory, or field use. Call or write 
today for prices and complete details. 

*Patent Applied For 

0 - 1-11SCCD 

2233 Federal Ave., Los Angeles 64, California 

CIRCLE 220 ON READER SERVICE CARD 
electronics 106 CIRCLE 106 ON READER SERVICE CARD 



KODAK EKTRON 
DETECTORS 

-for the 1,1 to 6). infrared 

1,000 

100 

10 

SPECIFIC RESPONSIVITY 

• • ----- • 500 to1000p sec 
"0" 200 to 500 J sec 
"Q" 125 to 300 Lk sec 

R'ot —78C 20 to 60 p sec 
E'at —196C 

25 to 100 e.4. sec 

2, 
WAVELENGTH 

4, sa, 

a wide-open choice in spectral 
responsivity and time constant 

A.̀  

a wide-open choice of physical forms 
—large, small, complex shapes, 
multiple arrays, "immersed," Dewar-
housed—ingenuity is the only limit, 
almost 

For more precise explanations and a price 

list of off-the-shelf Kodak Ektron Detectors 

(or to see if we can build a complete 

infrared system for you), write— 

EASTMAN KODAK 
COMPANY 
Apparatus and Optical Division 

Rochester 4, 
N.Y. 

c,dz 
TRADE MARK 

Electronics and Instruments, which 
includes Avien-Woodside and the 
Colvin Laboratories and Pressure 
Elements subsidiaries; Hydro-
mechanical, encompassing Avien's 
Farmingdale, Long Island Research 
Center and Electrol, Inc., a sub-
sidiary; and Systems, responsible 
for coordination of all systems 
management projects of the corpo-
ration. 

Before joining Avien, Willis 
headed up his own business man-
agement consultant firm. 

Margosian Rejoins 
Polarad Electronics 

JOHN W. MARGOSIAN has rejoined 
Polarad Electronics Corp., Long 
Island City, N. Y., after an absence 
of a year, to assume the position 
of technical assistant to the vice 
president in charge of the Defense 
Products division. 

Margosian's previous affiliation 
with Polarad was as electronic sys-
tems manager engaged in the de-
velopment of special purpose minia-
turized receiving and data storage 
systems for the Air Force. Prior 
to his retnrn he was vice president 
and director of engineering of Mi-
crowave Dynamics Corp. 

IFI Promotes 
A. M. Barbella 

ANTHONY M. BARBELLA, staff engi-
neer of Instruments for Industry, 

TELEMETRY BY 
TELE-DYNAMICS 

NEW... lwatt 

Transistorized 
FM Transmitter 

If you've a need for light-17 ounces 
—extremely compact-20 cu. in.-
215 to 260 MC telemetry trans-
mitters, specify Tele-Dynamics' Type 
1053A. 

Providing one-watt true FM output, 
the 1053A employs dependable sil-
icon transistors for high efficiency 
and offers better than 0.01% fre-
quency stability. The 1053A will 
operate reliably at any altitude and 
under any environment. Pressur-
ized o-ring sealed aluminum case 
keeps out water vapor, salt spray, 
sand and dust. 

This unit, representative of Tele. 
Dynamics' latest creative effort in 
the complete telemetry field, is capa-
ble of being combined into various 
custom systems and is low in cost. 

For detailed technical bulletins, call 
the American Bosch Arma market-
ing offices in Washington, Dayton, 
Dallas or Los Angeles. Or write or 
call Tele-Dynamics Division, Ameri-
can Bosch Arma Corporation, 5000 
Parkside Avenue, Philadelphia 31, 
Pa. Telephone TRinity 8-3000. 11502 

TELEDYNAMICS 
DIVISION 

deleleeRIC4Ai BOSCH .411MA 
COM:0017/1770A/ 

5000 Parkside Ave., Philadelphia 31, Pa. 
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n Asst. Dir. of Hayes R 8. D 

HERBERT W. WESTEREN, 

- Group, Reports on ... 

PRODUCTION 
FURNACES FOR 

2500°C AND HOTTER! 
Today's "exotic" refractory metals 
for nuclear reactors, rocket engines, 
and electronic components call for 
heat treating temperatures of 2500°C. 
plus . . . temperatures heretofore 
limited to the laboratory. 
Vacuum is often the answer. In 
keeping with our leadership in the 

vacuum field, 
our group devel-
oped a high 
temperature, 
high vacuum 
furnace for sin-
tering, anneal-
ing, and firing 
operations. This 
versatile modifi-
cation of the 
well - received 
Hayes Vacu-

Master® features changes in valving, 
power requirements and low voltage 
heating elements to extend tempera-
tures into the 2500°C plus range. 
Scaled for full production, Model 
HT/HV affords advantages of rapid 
cycling, saturable reactor control, 
cold wall construction, and vacuum 
to 0.1 micron. 
Atmosphere furnaces are needed, 
too. For processing with non-oxidiz-

ing atmos-
pheres, our 
group also 
developed the 
M-Y Moly Ele-
ment Furnace. 
Uses of this 
1800°C unit: 
reducing tung-
sten and silicon, 
ceramic metal-
lizing, and other 
ultra-high temp. 

work. Also in design is an oxidizing 
and reducing atmosphere electric 
furnace for the 1930°C range. 
These new Hayes furnaces, devel-
oped under actual production con-
ditions in our lab, are now serving 
industry on high temp. jobs perhaps 
similar to your own. Vacuum Fur-

nace Bulletin 
5709A and 
M-Y Furnace 
Bulletin 5805 
give details. 
Write for cop-
i e s. C. I. 
HAYES, INC. 
845 Wellington 
Ave., Cranston 
10, R. I. 

C. I. HAYES, INC. 
Established 1905 

nummeerex=233 
It pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos-
phere generators, gas and liquid dryers, \F. oyes-Master (TM' power controls, induc-
tion generators. 

Inc., Hicksville, N. Y., developer of 
electronic systems, amplifiers, pre-
cision potentiometers and related 
components, has been promoted to 
chief systems engineer. 
He will be in charge of complete 

projects under primary contracts. 

Columbus Process 
Changes Name 

COLUMBUS PROCESS CO., INC., of 

Columbus, Ind., announces a change 
in corporate name to CP Electron-
ics, Inc. 
CP Electronics manufactures au-

dio amplifiers, specialty power sup-
plies, and transformers for radio, 
tv, and stereo. Other electromag-
netic components are made for mili-
tary communication and missile ap-
plications. 

PEOPLE IN BRIEF 

Martin-Orlando promotes Herman 
R. Staudt to director, Pershing bal-
listic missile system program. Wil-
liam J. Vallette moves up to man-
ager, industrial engineering, of 
Itek Electro-Products Co. Charles 
Bartell, ex-W. R. Grace & Co., ap-
pointed director of R & D of Mystik 
Adhesive Products, Inc. Marcus 
L. Co; formerly with Radiation, 
Inc., joins Instrument Corp. of 
Florida as chief engineer. William 
J. Perry advances to director of 
Sylvania's Electronic Defense Lab-
oratories. Stephen W. Moulton 
and Robert F. Dressler of Philco 
Research Division assume the new 
posts of associate director and 
assistant director of research, 
respectively. Wendell F. Smith 
leaves GE to become a senior mem-
ber of the advanced planning staff 
of Electro-Optical Systems, Inc. 
Lawrence A. Feidelman and Jo-
seph Reymann, Jr., previously with 
Philco and Hazeltine, respectively, 
have been added to the technical 
staff of Auerbach Electronics 
Corp. N. Greig Cranna, ex-CBS 
Laboratories, named to head mi-
crocircuit development at Micro-
wave Associates, Inc. Joe D. 
Spradlin, formerly with General 
Dynamics, joins Dorsett Electron-
ics, Inc., as chief engineer for its 
Electronics Laboratories div. 

PIC Power Filters 
bring sine waves 
out of solid state 
inverters 
Solid state inverters can now deliver 
400 cps sine waves from DC power 
sources. PIC 120 volt, 400 cps power 
filters make this possible . . . in filter 
ratings from 15 watts to 1000 watts. 
These new filters change square 
waves, quasi-square waves, and other 
solid state inverter wave shapes into 
sine waves containing less than 1% 
harmonic distortion . . . with an effi-
ciency of better than 90%. 

Polyphase Instrument Company's 
series of PF400 power filters also 
eliminate harmonic distortion from 
400 cps alternators. Stock filters han-
dle a wide range of load power 
factors, and can be used in multiple 
to filter polyphase sources. 
Get complete details from your 

Polyphase representative, or write 
directly to Filter Department, Poly-
phase Instrument Company, and ask 
for our Bulletin 77F. 

POLYPHASE 
Instrument Company 

Bridgeport, Pen na. 

PULSE TRANSFORMERS • FILTERS • RELAY LINES 
MAGNETIC AMPLIFIERS • CUSTOM TRANSFORMERS • NETWORKS 
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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 Qualillcation 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). 

COMPANY 

A C SPARK PLUG 
Electronics Div of General Motors Corp. 
Milwaukee, Wisconsin 

ESQUIRE PERSONNEL 
Chicago, Illinois 

GENERAL PRECISION LABS. 
CPI Division 
Pleasantville, New York 

IBM DEVELOPMENT LABORATORY 
Poughkeepsie, New York 

LAWRENCE RADIATION LAB 
University of California 
Livermore, California 

MOTOROLA, INC 
Military Electronics Div. 
Western Center 
Scottsdale, Arizona 

PAN AMERICAN WORLD AIRWAYS, INC. 
Guided Missiles Range Div. 
Patrick AFB, Florida 

PHILCO WESTERN DEVELOPMENT LABS. 
Palo Alto, California 

REPUBLIC AVIATION 
Farmingdale, L.I., New York 

TEXAS INSTRUMENTS INC. 
Apparatus Div. 
Dallas, Texas 

UNION CARBIDE NUCLEAR CO. 
Oak Ridge, Tennessee 

' These advertisements appeared In the 10, I. 

SEE PAGE 
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KEY 
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(cut here) 

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
Personal Background Education 

NAME   

HOME ADDRESS.  

CITY 

HOME TELEPHONE  

ZONE  STATE  

(cut here' 

PROFESSIONAL DEGREE(S)  

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Cheek) 10201 

ri Aerospace [II Fire Control E Radar 
nAntennas E Human Factors E Radio—TV 
r-7 ASW E Infrared E Simulators 
n Circuits Ill Instrumentation E Solid State 

n Communications E Medicine El Telemetry 
ri Components E Microwave Ill Transformers 

ri Computers E Navigation E Other   

11 ECM n Operations Research El  
n Electron Tubes E Optics 
El Engineering Writing n Packaging E7 

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Mouths) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 

MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & 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 
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EMPLOYMENT OPPORTUNITIES 

ELECTRONICS ENGINEERS • PHYSICISTS 

The Role of Electronics Engineers 

IN 

WEAPON SYSTEM 

MANAGEMENT 

AT REPUBLIC 

Opportunities are at 
2 Republic Locations: 
Farmingdale and Mineola, 
Long Island, N. Y. 

11.rite to: 

Mr. George R. Hickman 
Technical Employment Manager 
Dept. 11K-3 
Republic Aviation Corporation 
Farmingdale, Long Island, N.Y. 

Mr. Paul Hartman 
Technical Employment 
Dept. 11K-3A 
Missile Systems Division 
Republic Aviation Corporation 
223 Jericho Turnpike 
Mineola, Long Island, N.Y. 

As one of the top 15 Prime Contractors to the DOD, 
Republic has demonstrated its capability to create total 

aircraft, missile, and space vehicle systems. Electronics is an 
important part of this capability. 

Over 250 Electronics Engineers and Scientists at Republic are extending 
parameters in communications, navigation, guidance & control, 

detection and data handling. A recent prime contract award has placed 
special emphasis on reconnaissance. As Weapon System Manager, 

Republic is responsible for developing this capability for its F-105D 
"flying electronic platform," the free world's most versatile and 

sophisticated manned weapon system. 

Defining system requirements, conducting analytical studies, evaluating 
overall design, and monitoring progress of subcontractors are 

engineering tasks requiring broad technical knowledge and high 

analytical ability. Difficult problems in subsystem integration, density 
packaging, and reliability must be solved. 

Inquiries are invited from Electronics Engineers and Physicists with 
experience in: Radar (front & side looking) / Infrared & Optical 

Systems / Antennas & Radomes / Digital Computers & Data Links / 
Flight & Fire Control Systems / High Speed Tape Recorders / 

Aerospace Ground Support Equipment., 

All programs are backed by the 8 laboratories of 
Republic's new Paul Moore Research & Development Center, 
the only fully integrated research complex 
exploring every vital aspect of the aerospace technology. 0 AVIATION CORPORATION 

An Equal Opportunity Employer 

REPIU111_11C 
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EMPLOYMENT OPPORTUNITIES 

Philco WDL has immediate 
and challenging engineering 
positions open in Discoverer, 
Midas and Advent programs 
in these categories: 

Data systems engineering 

Technical Staff — communica-
tions and data systems 

Systems test planning 

Systems reliability analysis 

Design Engineering —surface 
and vehicle electronics 

Human factors and operations 
analysis 

Field tracking station activation 

Tracking and control systems 
design 

Logistics and station support 

And others 

All qualified applicants will receive 
consideration for employment without 
regard to race, creed, color or national 
origin; U. S. citizenship or current trans-
ferable Department of Defense clear-
ance required. 

PH I LCO 

if your future is for growing... 

People at Philco's Western Development Laboratories are proud 

of their achievements, secure in the steady growth of their 

company, enthusiastic about their future. 

In just four years, Philco VVDL has expanded from a staff of 
18 to more than 2,000. At the end of this year VVDL will open a 
new 250,000-square-foot facility which will accommodate 
a continually expanding complement of engineers, scientists 
and supporting staff members. 

Philco VVDL, the space organization which designed and built 
the Courier satellite, conducts an ever-growing development 

program in tracking, satellite instrumentation, communications, 
data processing and command—moving hand in hand with the 
federal government in space exploration and space age defense. 

Your growth with a growing company, ideal living on the Northern 
California Peninsula, professional and monetary advancement 
commensurate with your own ability—these are some of 
the advantages and satisfactions of working at Philco Western 

Development Laboratories. 

If yours is one of the fields listed at the left, write today to 
Mr. W. E. Daly, in confidence, of course, Department E-10. 

This new 250,000-square-foot addition to Philco Western Development 
Labs vvill open by the end of the year. 

WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alm, California 
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What do you need to know about 

PURE FERRIC OXIDES  
MAGNETIC IRON OXIDES 

Since the final quality of your production 
of ferrites and magnetic recording media 
depends on the proper use of specialized 
iron oxides—you'll find it mighty helpful to 
have the latest, authoritative technical 
data describing the physical and chemical 
characteristics of these materials. This 
information is available to you just for the 
asking. Meanwhile, here are the highlights. 

PURE FERRIC OXIDES—For the production 
of ferrites, both hard and soft, we manu-
facture a complete range of iron oxides 
having the required chemical and physical 
properties. They are produced in both the 
spheroidal and acicular shapes with aver-
age particle diameters from 0.2 to 0.8 
microns. Impurities such as soluble salts, 
silica, alumina and calcium are at a mini-
mum while Fe203 assay is 99.5+%. A 
Tech Report tabulating complete chemical 
analysis, particle shape, particle size dis-
tribution, surface area, etc., of several 
types of ferric oxides, hydrated ferric 
oxide, and ferroso-ferric oxide is available. 

MAGNETIC IRON OXIDES—For magnetic 
recording—audio, video, computer, and 
instrumentation tapes; memory drums; 
cinema film striping; magnetic inks; car-
bon transfers; etc.—we produce special 
magnetic iron oxides with a range of con-
trolled magnetic properties. Both the black 
ferroso-ferric and brown gamma ferric 
oxides are described in a Data Sheet listing 
magnetic properties of six grades. 

If you have problems involving any of these ma-

terials, please let us go to work for you. We main-

tain fully equipped laboratories for the develop-

ment of new and better inorganic materials. 

Write, stating your problem, to C.K.VVilliams&Co., 

Dept. 25, 640 N. 13th St., Easton, Pa. 

EMPLOYMENT OPPORTUNITIES 

TV 
QUALITY 
CONTROL 
ENGINEER 

To design test equipment, prepare test procedures, re-
view test data. Evaluate closed circuit TV equipment 
designed and manufactured by GPL. 

Education: Equivalent of EE degree required. Must have 
2-3 years' experience in operation and maintenance of 
studio or industrial TV equipment. 

Please write or submit resume indicating current earn-
ings, to: Raymond S. F. Oakley. 

GPL DIVISION 
GENERAL PRECISION. INC. 

63 Bedford Road, Pleasantville, N. Y. 

An equal opportunity employer. 

Electronic Instrument Mechanics 
The Oak Ridge National Laboratory 

Operated 'ay 

Union Carbide Nuclear Company 
at 

Oak Ridge, Tennessee 

Has openings for 
H iohly skilled electronic instrument mechanics 
to work with electronic engineers in the develop-
ment, installation and maintenance of electronic 
systems. Digital data handling, transistorized 
pulse height analyzers, analog and digital com-
puter systems are only a few examples. 
Minimum high school education, with additional 
training in electronics and at least three years' 
experience in installation and maintenance of com. 
pies electronic systems. 

Excellent Working Conditions 
and 

Employee Benefit Plans 
All qualified applicants will receive consideration 
for employment without regard to race, creed, color, 
or national origin. 

Send detailed resume' to: 
Central Employment Office 

Union Carbide Nuclear Company 
Post Office Box M 

Oak Ridge, Tennessee 

WANTED 

Electrical, Mechanical or 
Chemical Engineering Graduates 
... to be trained as Sales Engineers for 

Cleveland, New York, Chicago, and Rich-
mond. Virginia. We also have an opening 
for man with technical background for 
inside office work at Los Angeles. Prefer 
men between 25 and 32 years of age who 
have had industrial process experience. 
Successful applicants will be given a 
three month factory course starting Feb-
ruary 1, 1962, 

Write Harry E. Beane, Vice President 

THE BRISTOL COMPANY 
Waterbury 20, Connecticut 

PRODUCT ELECTRICAL ENGINEER 
512,000 per Year 

2-5 years electronic design experience. Peeler 
knowledge of transistor circuit design. This posi-
tion is in the design of new or modified electronic 
units with digital or analog recorders. Client as-
sumes all expenses. 

ESQUIRE PERSONNEL 
202 South State St.. Chicago I. Illinois 

SEARCHLIGHT 
SECTION 

(Clossitied Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

AUTO-TRACK Si TELEMETRY ANTENNA PEDESTALS 
3 â 10 CM. SCR. 584 AUTOTRACK RADARS. 
AN TPS.1D SEARCH. AN TPS-10 HT. FINDERS. 
AN FPN•32GCA. AN APS-10 NAVIG. & WEATHER. 
AN APS•1513 PRECISION. AN /APQ•35B PRECISION. 
AN Aps-31A SEARCH. DOZENS MORE. 
.5-1-2 MEGAWATT HIGH POWER PULSERS. 

MICROWAVE PLUMBING—TEST EQUIP. 
LARGEST RADAR STOCK IN U.S.A. 

RADIO RESEARCH INSTRUMENT CO. 

550 Fifth Ave. New York iUdson 6-4691 

POSITIONS VACANT 
- - - 
Sales Engineer/Manager with exp. In elec-
tronic instruments, delay lines. Excel. op-
portunity with well known Mfg. Ad-Yu Elec-
tronics Lab., Passaic, N. J. 

- --
Engineering Opportunities — Broadcast 
Eq ui pment Sales Engineer. Broadcast Equip-
ment Design Engineer, Tuner Design Engi-
neer. Sales Engineer (Tuner) Research 
Chemist. Midwest location. E. M. Sears, 
Box 62, Bloomington, Indiana, 

QUICK 

SOLUTION TO 

MANPOWER 

PROBLEMS ... 
through the EMPLOYMENT 

OPPORTUNITIES Section of 
this publication. The market 

place for those offering or 
wanting the services of men 
on engineering, technical and 

executive level. 

This section offers a quick, ef-

fective solution to your man-
power problems, because its 
readership is confined to just 
the type of men you need . . . 
Waste circulation is avoided 

. . . You reach only the men 
you want. 

Classified Advertising Div. 
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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 ewe xequirements. For 
your convenience a full line of 
standard units are stocked for im-
mediate off-the-shelf delivery— 
Send for bulletins DM 2000, DN 
2001, DN 2002. 

DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 

1006 Westmore Ave. • Rockville, Maryland 
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How to Get Things Done 
Better And Faster 

BOAROMASTER VISUAL CONTROL 
* Gives Graphic Picture—Saves Time, Saves 

Money, Prevents Errors 
* Simple to operate—Type or Write on 

Cards, Snap in Grooves • 
* Ideal for Production, Traffic, Inventory 

Scheduling, Sales, Etc. 
* Made of Metal. Compact and Attractive. 

Over 500,000 in Use 

Full price $4950 with cards 

24-PAGE BOOKLET NO. C-30 

Without Obligation 1FREE  
Write for Your Copy Today 

GRAPHIC SYSTEMS 
YANCEYVILLE, NORTH CAROLINA 

CIRCLE 223 ON READER SERVICE CARD 

,* FASTENERS FROM 
DIE CAST 

'ZINC ALLOY 

Wing Nutt 

Cap Nuts! 

Thumb & 
Wing Screws 

MOLDED 
NYLON &• 
DELRIN 

Screws 

Hex Nuts 

Washers 

rhumb Nuts 

Zinc Alloy 

CAP NUTS 
Standard 
Washer 
Diam. 

Full 
Washer 
Diam. 

EXCLUSIVE WASHER BASE 

(5>ir Exclusive High 
Series 

, — 

Widest range of types and 
thread sizes FROM STOCK 

Regular 
Series 

Nen , exclusive types ue‘er before 
available—standard or full dia, wash-
el— base with open or closed ends— 
no separate washer needed . . . speed 
assembly. Also high series with 50% 
greater thread depth . . . and regu-
lar series In open or closed end. 15 
hex sixes, threads from #4 to 
ALL GRC CAP NUTS feature rust-
proof. corrosion resistant surfaces. 
uniform accuracy . . . are completely 
free of tool marks and eut -off burrs. 
GRC's exclusive methods—die casting 
zinc alloy or molding Nylon and 
DeWin fasteners In one high speed 
automatic operation—assure high qual-
ity at lowest possible Mt. 

Write, wire, tihon TODAY for SAM-
PLES, prices, your copy of 
GRC's NEW IN-
DUSTRIAL 

Screw FASTENER 
Insulators CATALOG 

CRIES REPRODUCER CORP. 
World's Foremost Producer Rmall Die Castings 
151 Beechwood Ave. • New Rochelle, N. Y. 

Phone: NEw Rochelle 3-8600 
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This unique "extra" 

fifth digit... 

...provides 100% 

over-ranging.., ten times 

greater resolution at decade 

voltage points where other 4-digit 

voltmeters change ranges and lose 

one full digit of resolution. 

The KIN TEL Model 501B 4-digit, over-ranging digital voltme-
ter measures DC from ± 0.0001 to ± 1000.0 volts to an accuracy 
within 0.01% of reading ±- 1 digit. An extra fifth digit in the 
left decade indicates "0" or "1" to provide ten times greater 
resolution at decade (1, 10, 100) voltage points than standard 
4-digit voltmeters. Ranging and polarity indication are en-
tirely automatic. The measured voltage, decimal point and 
polarity symbol are displayed on an in-line readout in a single 
plane—no superimposed outlines of "off" digits. 

An adjustable sensitivity control permits decreasing sensitiv-
ity to allów measurement of noisy signals. Ten-line, parallel 
input printers can be driven directly, and converters are avail-
able for driving other types of printers, typewriters, and card 
or tape punches. The input impedance is 10 megohms at null 
on any range, and an input filter attenuates power-frequency 
ripple by 60 db. Stepping switches are DC-driven (as in tele-
phone service) at 20 steps per second, are guaranteed to give 
at least two years of trouble-free service without maintenance. 

The 501B is one of a complete line of KIN TEL digital instru-
ments. Others include AC converters, AC and DC preamplifiers, 
ratiometers, comparators, and multi-channel input scanners. 

IMPORTANT SPECIFICATIONS 

Display...Six decades display 5 digits 
(Left digit "0" or "1" only), decimal point, 
polarity symbol. Ranging and polarity indication are 
automatic. Projection system readout employs 
bayonet-base lamps with 3000-hour minimum life 
rating. Readout contains no electronic circuitry 
and can be remotely mounted. 

Automatic Ranges... +0.0001 to +1000.0 
volts DC in four ranges: 0.0001 to 1.9999; 02.000 
to 19.999; 020.00 to 199.99; 0200.0 to 1000.0 

Accuracy...0.01% -±1 digit (of reading). 

Input Impedance...10 megohms on all ranges at null. 

Reference Voltage... Chopper-stabilized 
supply, continually and automatically referenced 
to standard cell. 

Stepping-Switch Drive... DC voltage within 
stepping-switch manufacturers rating applied 
by transistor drive circuit at rate of 
approximately 20 steps per second. 

Controls...Three: on-off; sensitivity; and mode of 
operation (standby, normal, print auto, print remote). 

Printer Drive... Built-in for parallel input 
printers. Automatic or remote. 

Dimensions and Net Weights... Control unit 
45 lbs, 51/2 "H x 19"W x 16"D. 
Readout: 10 lbs, 31/2 "H x 19"W x ro. 

Price: $2995 

KIN TEL manufactures electronic instruments for measurement and 
control, and closed circuit TV. Representatives in all major cities. 

Write for detailed literature or demonstration. 
EL-EC R CD 1,1 I s,Irvc 

5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700 i'ÇINJ TL i=i1N/isicz) 



Unique High-Peryeance Beam Power "Tetrodes" Employ Ceramic-Metal Construction—a First from RCA for Mobile Communications 

Now! Power never before available for compact mobile communications is yours--
with an extraordinary family of RCA ceramic-metal tubes. These high-perveance 
tetrodes make possible mobile designs capable of achieving new heights in power and 
compactness. 

Designed by RCA expressly for mobile communications, these unique tubes pro-
vide a choice of cooling methods. The RCA-8072 is conduction cooled. Specify it in 
designs where space is at a premium. The RCA-8121 and RCA-8122, air-cooled 
radiator versions, offer higher power than the 8072 in a tube of comparable size. The 
three types feature a 13.5-volt heater and are designed to give dependable perform 
ance with battery operation. 

All three members of this new RCA tube family should become important mobile 
communications types. Furthermore, other types having different characteristics can 
be custom designed to fill specific needs. Direct inquiries regarding application of 
these new types and other RCA electron tubes to your nearest RCA Field Repre-
sentative or order directly from your RCA Industrial Tube Distributor. 

Technical bulletins on these three new tubes are available from: Commercial 
Engineering, Section J-19-Q-3, RCA Electron Tube Division, Harrison, N. J. 

The Most Trusted Name in Electronics 

Typical CW Operation 

Type Cooling 

Maximum 
Plate 

Dissipation 
Watts 

Plate 
Volts 

Freq. 
Mc. 

Useful 
Power 
Output 
Watts 

8072 Conduction 100* 700 
50 
175 
470 

110 
105 
85 

8121 Forced-Air 150 1500 up to 
500 

235 

8122 Forced-Air 400 2000 up to 
500 

300 

May be higher depending on heat-sink design. 

RCA Electron Tube Division Field Offices 

INDUSTRIAL PRODUCT SALES.. NEWARK 2, N. J., 744 Broad 
St., NU 5-3900 • CHICAGO 54, ILLINOIS, Suite 1154, Mer-

chandise Mart Plano, WH 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., N.W., FE 7-8500 


