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560 ,...., Telemetering low pass 
filter. Ava ilable f rom 400 ,.
to 70 KC . ± 7.5% band· 
width flat to 1 db. Attenua· 
tlon greater than 35 db be· 
yond the 2nd harmonic of -
7.5% frequency. Impedance 
47K ohms. MIL·F·18327B. Wt. 
0.8 oz. 
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Band pass 400 cycle Gaussian 
filter. Linear phase response 
In pass band. Attenuation 
380 cps to 420 cps with in 0.5 
db. 2nd harmonic down 25 
db, 3rd harmonic down 45 
db. Source and load SK ohms. 
MIL·F·l8327B Wt. , 0.9 lbs. 
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FREQUENCY-CPS 

Low frequency band pass fil· 
ter. De signed for 2.5 cps 
center f requency. At 2 to 3 
cps with in 3 db. At 1.5 cps 
and lower, and 4 cps and 
higher, greater than 30 db. 
Source and Load lOK ohms. 
Size : 4 x 4-11 / 16 x 6". MA 
MIL case, MIL·f.18327B. 
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Min imum phase shift 400 
cycle band pass filter. Within 
+ 1.5 db 370 to 430 cycles, 
greater than 45 db beyond 
1100 cycles. IK ohms to l OOK 
ohms. MIL.f.183278; I lb. 

Write for catalog of over 
1,200 UTC HIGH RELIABILITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 
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High frequency low pass fil · 
ter. Zero to 700 KC with in 
l db. 1.95 me to 10 me 40 
db minimum. Source and 
Load 1000 ohms. Molded flat 
construct ion for printed cir· 
cuit appl icat ions . Size : l x 2 x 
V2" ; Wt: l oz. MIL.f.18327B. 
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Band reject f il t ers ( two 
shown). The 1050 ,._, filter 
has 50 db attenuation and is 
on ly 3 db at 950 and 1150 
cycles. The 12.75 KC filter 
has more than 100 db at· 
tenuation and Is on ly 3 db 
at 10.8 and 15 KC . Source 
and load 600 ohms, both are 
MIL·F·18327B. 

(CUSTOM BUILT) 

FILTERS 
TO YOUR 

SPECIFICATIONS 
ILLUSTRATED ARE 

TYPICAL SPECIAL FILTERS 

RANGE OF FREQUENCIES ON SPECIAL UNITS 
IS FROM 0.1 CYCLE TO 400 MC. 

Over fhirty years of experience in the design and 
production of special filters have resulted in UTC 
being a first source for difficult units. Present 
designs both military and commercial incorporate 
a wide variety of core structures, winding methods, 
and capacitors to provide maximum performance, 
stability, and reliability. Fully experienced, top en
gineering talent backed by complete environmental 
testing and life testing facilities assure the highest 
standard in the industry. Full analysis and evalua· 
tion of materials are conducted in UTC's Material 
and Chemical Laboratories. Rigid quality control 
measures coordinated with exhaustive statistical 
findings and latest production procedures results 
in the industry's highest degree of reliability. 

MILITARY AND COMMERCIAL TYPES FOR 
EVERY PHASE OF THE ELECTRONICS ART 

• 
POWER TRANSFORMERS • AUDIO TRANS-
FORMERS • INDUCTORS • PULSE TRANS
FORMERS • ELECTRIC WAVE FILTERS • 
LUMPED CONSTANT DELAY LINES • HIGH 
Q COILS • MAGNETIC AMPLIFIERS • SAT
URABLE REACTORS • REFERENCE UNITS 

UNITED TRANSFORM R CORP. 
150 VARICK STREET, NEW YORK 13, N. Y. 

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPO~T DIVIS ION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE : " ARLAB" 
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High power gain 5 x 108 (160 db); voltage gain 
selectable, 20 or 40 db 

Widtt-rang·e accuracy +0.1 db (1%) at 1 kc and 
over wide frequency range (see chart) 

Minimum effect on 
measured circuit 10-megohm input impedance, 

true 50-ohm output impedance 

Low noise < 25 µV rms referred to input (1 meg
ohm across input) 

40 

39 

38 

.c 37 
"O 
I 36 

2 
~ 35 

(!) 
34 

33 

32 

31 

10 

RL=<XI 

Eo 10VRMS 

GAIN AT 40db 

RL -50 .n. 

Eo 5.0VRMS 

GAIN AT 40db 

100 1KC 10KC 100KC 1 MC 

FREQUENCY 

Here's a wide bandwidth solid-state, amplifier useful as a general
purpose lab instrument, an oscilloscope preamp, an in~system 
amplifier component. With its 5 x 10' power gain, it serves as an 
excellent power amplifier for solid-state oscillators, and its 10-
megohm to 50-ohm impedance ratio make it ideal for application 
as an impedance converter. 

Output is greater than 10 v rms open circuit, greater than 5 v 
rms into 50 ohms. The amplifier covers 5 cps to 1 me. Distortion 
is less than 1 %, 5 cps to 100 kc, less than 2%, 100 kc to 1 me. 
Unprecedented gain accuracy, as indicated in the chart, is retained 
even with a high-impedance source. 

The 465A is a three-terminal device isolated from chassis and 
may be floated up to 500 v de above chassis ground. Ideal for 
cascading. Only 5Va" wide, less than 3%" high, weighs only 4 lbs. 
Price: hp 465A Amplifier, $190. 

Compare 465A performance with that of other available ampli
fiers--then call your Hewlett-Packard field engineer for a demon
stration or write for complete specifications to Hewlett-Packard, 
Palo Alto, California 94304, T.~I. (415) 326-7000; Europe: 54 Route 
des Acacias, Geneva; Canada: 8270 Mayrand Street, Montreal. 

Data subject to change without notice. Price f. o. b. factory. 
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Multiply the advantages of 

100mm 
wide chart recording 

by two ... four ... six 
(or any number the test calls for) 

SANSORN R~ P~e11. I . 
r- - --- - . , 

All the advantages of the Sanborn single-channel 100 mm 
wide-chart recorder are now immediately applicable to tests 
requiring measurement of 2, 3, 4, 6 or more parameters. 
You see the signal far more clearly on 100 mm wide charts. 
Amplitude variations representing changes as small as 1 uv 
can be easily resolved. 

You have precise control and wide signal conditioning capa· 
bilities with interchangeable plug-in preamplifiers - just plug 
in the one you need. Four different DC preamplifiers are 
available with sensitivities of 1 uv/div (to 250 V full scale), 
1 mv/div, 5 mv/div and 20 mv/div; all except the last have 
zero suppression to expand the portion of signal of greatest 
interest. High-gain type has floating and guarded input. 
Carrier preamplifier for AC transducer outputs has 10 uv I div 
sensitivity. Phase-sensitive demodulator preamplifiers meas
ure in-phase or 180° out-of-phase components with respect 
to a 60 cps to 20 kc reference. 

You can record at four chart speeds from 0.5 mm to 50 mm/ 
sec. - or at eight speeds from 0.5 mm/ min. to 50 mm/ sec. 
with optional version. 

You pay for 011/y as many channels as you need- unused 
channels are not operating needlessly. Measure similar or 
unrelated parameters individually or simultaneously. And 
you still have portability: take one complete channel into the 
field by removing lightweight, compact recorder from the 
cabinet and using it in its own carrying case. 
System may be ordered with as few as two or as many as 
eight recorders-from $2925 to $10,050. Call your local 
H-P Field Engineering Office for complete specifications and 
application help ... to put the right instrumentation to work 
on your measurement/ signal conditioning/ recording require
ments. Or write Sanborn Division of Hewlett-Packard, 
Waltham, Mass. 02154. 

HEWLETT 
PACKARD 
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Readers Comment 

Plain talk 

To the Editor: 
In the editorial "Plain talk" 

[June 14, p. 15], your comments 
strike a familiar note since my own 
experience during the past year, in 
attempting to organize a propri
etary marketing organization for 
educational and medical electron
ics, has been frustrated by the 
limited vision of both the electron
ics manufacturer and the potential 
user. 

The manufacturer is generally 
not responsive to the concept of 
the systems approach to product 
marketing that is essential to 
achieve successful applications and 
customer satisfaction. It seems that 
the wholly sales-oriented market
ing managers continue to dictate 
the traditional hardware merchan
dising attitudes. 

Potential users, on the other hand 
. . . tend to regard suggestions of 
a change of system including more 
sophisticated technical aids as an 
encroachment on their domain. A 
highly articulate audio-visual direc
tor and educator at a local univer
sity, with whom I discussed elec
tronic educational aids, stressed 
the fact that educators will be 
moved to action in this field only 
by convincing arguments from 
"members of the club." 

vVe are slowly entering the era 
of sophisticated electronic applica
tion to civilian enterprise, and in 
a large measure the inhibiting fac
tor to more progress in this area 
is the lack of communication facil
ity between the electronic engineer 
and the ultimate consumer. 

It is interesting that electronic 
data processing has been a notable 
exception to the foregoing state
ment. On examination it becomes 
clear that this phenomenal success 
is probably due to the emergence 
of a "software technology" as mani
fested by systems engineering and 
the programing sciences. 

To bridge the chasm between 
the electronics manufacturer and 
the nontechnical consumer it is my 
contention that a concept of soft
ware technology must be uni
versally accepted as a necessary 
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Now from Sprague I 

DIFFERENTIAL AMPLIFIERS 
IN FLAT PACKS I 

_____ ........ A«-.. ·• .... -· ................ ~:-....--.------

2N3043 ·2N3044 2N3046 2N3047 2N3049 . 
2N3050 2N3051 2N3052 2N3520 2N3524 

PNP or NPN • BETA MATCHING ·lo 103 
VaE MATCHING lo 3mV • VOLTAGE CAPABILITY to 60 VOLTS 

TEMPERATURE COEFFICIENTS lo SJAV /°C 

ALSO AVAILABLE IN 6-LEAD T0-5 OUTLINE PACKAGES! 
For complete inFormation, write to Technical 

Literature Service, Sprague Electric Company, 
35 Marshall Street, North Aclams, Mass. 01248 

SPRAGUE COMPONENTS 

TRANSISTORS PULSE TRANSFORMERS CERAMIC·BASE PRINTED NETWORKS 

CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES 

RESISTORS PULSE·FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES 

SPRAGUE® 
-··- •••-·.., -- --•1ADlllTV 

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS I~~~~~~ 
THIN·FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS L: 

' Spraaue' and ' @' art reaistered trademarlls of the Spraaue Electric Co. 
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Only from Sprague I 

TYPE 192P 

PACER® 
FILMITE® 'E' 

CAPACITORS 
@ Hard, durable, orange epoxy pro• 

tective coating. 

@ Lead firmly welded to metal end 
cap. 

© Fixed diameter of metal end caps 
insures uniformity of capacitor size. 

@ Extended-foil capacitor roll inside 
end cap-every turn of electrode is 
positively contacted, assuring non· 
inductive section. 

@Metal end cap guards against 
entrance of moisture. 

® Specially selected ultra-thin poly· 
ester film dielectric permits drama· 
tic size reductions. 

For complete technical data on Type 
192P Pacer Capacitors write for Engi· 
neering Bulletin 2066 to Technical Liter
ature Service, Sprague Electric Co., 35 
Marshall Street, North Adams, Mass. 

SPRllGUE® 
THE MARK OF RELIABILITY 

'Spraaue' and '@' are reaistered trademarks of the Spr11ue Electric Co. 
4SC·SU·H·ltt 

6 Circle 6 on reader service card 

adjunct to successful hardware ap
plications. 

For our critical educational 
needs, for example, a system anal
ysis by competent and respected 
professionals would assure a rapid 
and successful employment of the 
powerful tools available for en
hancing the educational process. 
Significant experiments have al
ready shown the potential power 
of this emerging technology. 

. A. Moerman 
Roslyn Heights, N. Y. 

Reading backwards 

To the Editor: 
In Mr. Schaffner's excellent ar

ticle on varactor multipliers (May 
17, pp. 56-64) a test setup is illus
trated in detail on page 59. The two 
Bird Thmline wattmeters are con
nected correctly, but are referred to 
in reverse in the caption. 

The error is an easy one to make, 
since items are usually identified 
from left to right, and a higher 
meter pointer position is nahually 
assumed to be the higher reading. 
Bird Thrulines, however, are multi
range directional wattmeters, indi
cating the power flowing in the 
direction of the arrow stamped on 
the round plug-in elements. 

In your picture, (below) the right 
Bird Thruline with the embossed 
label "PI 12W" uses a 50-watt ele
ment and correctly indicates Power 
In 12W on the 50 watt center scale. 

The left Bird Thruline with the 
label "P07W" uses a 25-watt ele-

ment and also correctly indicates 
Power Out 7W on the 25 watt up
per scale. 

H. H. Heller 
Senior Staff Engineer, 
Bird Electronics Corp. 
Cleveland, Ohio. 

Use for the laser 

To the Editor: 
While experimenting with some 

photographic high-resolution tests 
with a General Electric Co. nar
row-spectrum H-4 type mercury 
lamp as an illumination source, I 
noted that ordinary white enamel 
looked like a translucent plastic 
binder with scintillating pigment 
crystal particles in solid suspen
sion. Such an observation was not 
noted under normal wideband il
lumination conditions. 

A gas-type coherent laser beam 
operating near the ultraviolet end 
of the light spectrum might present 
some interesting high-resolution 
test possibilities with regard to the 
following items: 

• Optical analysis of colloidal so
lutions, including microscopic dark
field checks. 

• Visual inspection of cathode
ray oscilliscope phosphor screens 
and developed photographic-film 
grain. 

• High-frequency vibrating plate 
analysis via slant-reflected beams. 

• Crystallography axis, strain 
and transducer vibration analysis. 

Ted Powell 
Beth page, N. Y. 
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3-c 

to 1.5-Mc 
Frequency 

Meter 
and 

Discriminator for only $565 inu.s.A. 

If 0.2% accuracy is adequate for your frequency
measuring needs, you will benefit in several ways by 
using this handy little instrument instead of a more 
costly counter. The dollar saving alone, of course, is 
substantial. And, if you want a permanent record of 
frequency drift or change, just connect a recorder to 
the instrument's output terminals and you have your 
data. As a bonus, you have an instrument that is also a 
highly linear, low-noise, pulse-count discriminator for 
incidental-fm or fm-deviation measurements. With a 
wave analyzer, you can measure individual compo
nents of incidental fm. 

extended upwards to thousands of megacycles per 
second if the unknown frequency is heterodyned against 
a stable frequency. This gives a proportionate increase 
in resolution. At 100 Mc/ s, frequency drift and inci
dental fm can be measured to at least one part in 109. 

The reason you get 0.2% accuracy in an instrument 
with a meter is because the first one or two digits of a 
measurement are transferred to a calibrated switch 
while the meter interpolates to establish the last two 
significant figures. Thus, the meter scale is effectively 
expanded by a factor of I 0. When measuring 125.6 
kc/ s, for instance, the INTERPOLATION OFFSET 
FREQUENCY switch is set to 1.2 and the meter indi· 
cates .56, the last two significant figures. 

The usable frequency range, particularly for fre
quency-drift and incidental-fm measurements, can be 

--· 
easure to 15 Mc/s With Our New Scaler 

Connect GR's new Type 1156·A Decade Scaler to the 
Type 1142·A Frequency Meter and Discriminator and you 
:an measure directly to 15 Mc/s. This scaler is a com· 
Jletely self-contained 10:1 divider of any input frequency 
JP to 100 Mc/s. A five-position input atten uator provides 
;ensitivities of 0.1, 0.2, 0.5, and 1 volt, peak to peak, at 
iO ohms; and 1 volt, peak to peak, at 500 ohms. Output is 
l 20-m A square wave that delivers 1 volt into a 50-ohm 
cad, sufficient to operate most counters without ampli
'ication. Height of the instrument is only 1% inches. 
'rice is $490. 

IN CANADA: Toronto 247-2171, Montreal (Ml. Royal) 737-3673 
IN EUROPE: Zurich, Switzerland - London, England 

SPECIFICATIONS 
Type 1142-A Frequency Meter and Discriminator 

Frequency Range - 3 c/s to 1.5 Mc/sin 
five decade ranges. 

Input Sensitivity - 20 mV from 20 c/s to 
150 kc/s, rising to 200 mV at 3 c/s and 
1.5 Mc/s (except for very short pulses). 
Impedance: 100 kl'l, dropping to a mini
mum of 5 kl'l above 500 kc/s. 

As a Frequency Meter - Loga rithmic 
meter maintains constant accuracy; 
calibrated interpolator effectively ex
pands meter scale by a factor of 10. 
Higher frequency measurements can 
be made by heterodyne techniques. 

As a Discriminator - Output is 15V. full 
scale. Low noise; residual fm is down 
more than 100 dB . 

Accuracy- In the "direct" mode, 1% of 
read ing. In the "interpolate" mode, 
0.2% of full scale. 

Recorder Outputs - Adjustable from 
1-mA to 5-m A; interpolator output for 
high-Z recorders. Voltage is proper• 
tional to frequency deviation. 

Write for Complete Information 

GENERAL RADIO CO M PANY 
W E S T C 0 N C 0 RD, MA S SAC H U S ET T S 

BOSTON NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAND 
[JI. Concord) 646-0550 (Ridgefield, N. J.) 943·3140 (Oak Park) 848-9400 (Fl. Washm•lon) 646-8030 (RockY1lle. Md.) 946-1600 454-9323 FL 7-4031 (Los Allos) 918-8233 46•-6201 425·•671 886-0150 
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High-Power 
Electron Tubes For 
High Energy Physics 

Machlett's power tubes have long 
served the advanced scientific 
community. Above are two of the 
latest developments adding to the 
expanding group of tubes especially 
suited for high-energy physics 
applications-The ML-8545, world's 
highest power tetrode, capable of 
300 kw cw output at 50 Mc and 
1.7 Mw pulsed rf power, and the 
ML-8549, magnetically-beamed 
triode, capable of 2.5 Mw cw output 
and 10 Mw pulsed rf power. Write for 
details: The Machlett Laboratories, 
Inc., Springdale, Conn. 
06879. An Affiliate of~ 
Raytheon Company. ~ 

ELECTRON TUBE SPECIALIST 

Circle 8 on reader service card 

People 

Relatively, ITT Semiconductors is 
a midget in the semiconductor field; 
more than a dozen electronics com
panies retain a 
head-and-shoul
ders sales lead 
over it. But the 
company, a divi
sion of the In
ternational Tele
phone and Tele
graph Corp., has 
growth plans. It 
has named a marketing-oriented 
man, F. Joseph Van Poppelen Jr., 
as president. 

The big push, says the 37-ycar
old Van Poppelcn, will be in inte
grated circuits, which he considC'rs 
"one of the strongest dollar-growth 
areas in the total semiconductor 
market." 

Van Poppelcn came to ITT from 
Signetics Corp. , where he was mar
keting vice president for thrC'e 
years. And before that, he scrwd 
as sales vice president at Motorola, 
Inc.'s Semiconductor division. 

The new president has a bach
elor's degree in administrative 
(mechanical) engineering. 

One of the least-known subsidi
aries of Ling-Temco-Vought, Inc., 
is LTV Electrosystems, Inc., which 
produces a i r -
borne communi
cations equip
ment. \Vith the 
appointment re
cently of Brit
ish-born E. Bry
an Carne, 37, as 
engineering di
rector, the sub
sidiary is expected to place greater 
emphasis on companion electronic 
gear, such as ground data-process
ing and reconnaissance systems. 

Carne has a strong background 
in computer design. Before joining 
LTV, he was manager of Melpar, 
Inc.'s intelligence department, 
where elech·ical systems are de
signed along the lines of the lm
man nervous system. 

From 1957 to 1959, Carne, who 
holds a doctorate in electrical en
gineering from the University of 
London, served as chief devel
opment engineer at the Univac di
vision of the Sperry Rand Corp. 
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ELECTRO INSTRUMENTS 

PRECISION VOLTMETER 

WITH ACQUISITION OF 
CALIBRATION> STANDARDS CORPORATION! 

NOW, WITH THE ADDITION OF CALIBRATION STANDARDS CORPORATION, 
El BECOMES THE SOLE SINGLE SOURCE OF SOLID STATE VOLTMETERS 
IN THE ENTIRE UNDER-AND-OVER $1,000 PRICE RANGE; TOGETHER WITH 
PRECISION DIGITAL CALIBRATOR AND PRECISION VOLTAGE SOURCES. 

1. AC-DC VOLTMETERS 2. DC VOLTMETERS 

Now there is no precision measuring job on which you should not get a quote from Electro 
Instruments! With acquisition of Calibration Standards Corporation , Electro Instruments becomes 
the first manufacturer of precision digital instruments to enter the lower price voltmeter field. 
With CSC's eleven new manual -type AC or DC differential voltmeters , Electro Instruments now spans 
the entire voltmeter spectrum - performance-wise and price-wise. Also, the Electro Instruments 
line now includes precision power sources of voltages from 0-2, 111 VDC up to 20,000 VDC; precision 
calibrators; ultra-stable, low-sensitivity monitors. Ask your Electro Instruments representative 
for full information about E.l's expanded new product line. Or write: 

[3 Electro Instruments, Inc. 

I 
8611 Balboa Avenue, San Diego, California 92112 
Electro International, Inc., Annapolis, Md. 
Electro Instruments s. a., 512 rue de Geneve, Brussels 3, Belgium 
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Why use TWO 
when ONE 
will do? 

___..,,~..,.__, -
Some people say they're inductive resis
tors. Others think of them as resistive 
inductors. We call them R-L Delay 
Networks. But regardless of terminology, 
they're designed to replace separate in
ductors and r esistors used in series, re
sulting in substantial savings in space, as 
well as economies in purchasing, inspec
tion, and installation. 

Superior in construction and perform
ance to conventional dipped components, 
TYPE 904Z INDISTOR® R-l DELAY NETWORKS 
are fully-molded, ~ 
insuring greater 
dependability in @ 
applications such 
as wideband video 
amplifiers, pulse 
amplifiers , computer speed-up, and 
similar circu its in the digital industry. 

Designed for operation over a temper
ature range of -55 C to +125 C, Type 
904Z Indistors offer time constants of 
20, 25, and 30 nanoseconds, with resist
ances ranging from 31.6 to 1330 ohms. 

Dual-purpose Indistors are suited for 
"Cordwood" component assembly-they 
are the same phys ical size as RC20 
Vi -watt composition resistors, and weigh 
only 0.75 grams. 

For complete technical data, 
write for Engineering Bulletin 45,002 

to the Technical Literature Service, 
Sprague Electric Company, 35 Marshall St., 

North Adams, Mass. 01248 
4SSC 5105 

SPR"GUE® 
THE MARK OF RELIABILITY 

·spraaue' and • @· ere resistered trademuks of the Spraaue Electric Co. 
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Meetings 

National Association of Music 
Merchant's Music Show, EIA, NARDA, 
NAMM; Conrad Hilton Hotel, Chicago, 
June 27·July 1. 

Summer Power Meeting, G-P/IEEE; 
Detroit, Mich., June 27-July 2. 

International Colloquium on 
Applications of Mathematics in the 
Engineering Sciences, lnstitut f. 
Mathematik; Hocschule fur 
Architektur und Bauwessen, Germany, 
June 27-July 4. 

Electromagnetic Compatibility National 
Symposium, G-EMC/IEEE; Waldorf
Astoria Hotel, New York, June 28-30. 

Physics of Quantum Electronics 
Conference, ONR; San Juan, Puerto 
Rico, June 28-30. 

Electronic Industries Association Annual 
Convention, EIA; Conrad Hilton Hotel, 
Chicago, June 29-July 1. 

International Data Processing 
Conference and Business Exposition, 
DPMA; Benjamin Franklin Hotel and 
Convention Hall, Philadelphia, June 29· 
July of!. 

Microwave Applications of 
Semiconductors Meeting, IERE-IEE; 
University College, London, June 30· 
July 2. 

Biomedical Engineering Symposium, 
IEEE, US Naval Hosp.; San Diego, Calif., 
July 6-8. 

Technical Communications Conference, 
CSU; Colorado State Univ. Campus, 
Fort Collins, Col., July 6-10. 

Airways Engineering Convention, 
Airways Engineering Society; Dinkier
Plaza Hotel, Atlanta, July 7-9. 

Engineers and Scientists Patent Law 
Concepts Meeting, Polytechnic Institute 
of Brooklyn and the New York Patent 
Law Association ; Rogers Hall of 
Polytechnic Institute of Brooklyn, 
July 12-14. 

Nuclear and Space Radiation Effects 
Conference, G-NS; Univ. of Michigan, 
Ann Arbor, Mich., July 12-15. 

Chemistry and Metallurgy of 
Semiconductors, Gordon Research 
Conferences, Univ. of Rhode Island; 
Proctor Academy, Andover, New 
Hampshire, July 12-16. 

Educational Technology Conference, 
American Management Association; 
Americana Hotel, N.Y.C., July 12-16. 

Nuclear & Space Radiation Effects 
Annual Conference, G-NS/IEEE; 
University of Michigan, Ann Arbor, 
Mich., July 12-16. 

Flight Control Conference and 
Engineering Display, SAE; International 
Hotel, Los Angeles, July 13-15. 

Instrumentation Science Research 
Conference, ISA; William Smith College, 
Geneva, N. Y., Aug. 2-6. 

American Astronautical Society National 
Meeting, AAS; Sheraton-Palace Hotel, 
San Francisco, Aug. 18-20. 

International Conference on Medical 
Electronics, Japan Society of Medical 
Electronics and Biological Engineering; 
Tokyo, Aug. 22-27. 

Electronic Circuit Packaging 
Symposium, EON; San Francisco Hilton 
Hotel, San Francisco, Aug. 23-24. 

Medical Electronics & Biological 
Engineering International Conference, 
IEEE, IFMEBE; Tokyo, Japan, 
Aug. 23-27. 

Computing Machinery National 
Meeting, ACM; Sheraton-Cleveland 
Hotel, Cleveland, Aug. 24-26. 

Western Electronic Show and 
Convention (WESCON/65), IEEE, 
WEMA; Cow Palace, San Francisco, 
Aug. 24-27. 

Systems Engineering for Control 
System Design Symposium, IFAC; 
Tokyo, Aug. 25-26. 

Radio-Products Fair, Stuttgarter 
Ausstellungs-GMBH; Stuttgart's 
KellesbLKg, Germany, Aug. 27-Sept. 5. 

Call for papers 

Annual Technical Meeting, Elec
tron Devices Group of the IEEE; 
Sheraton-Park Hotel, " ' ashington, 
D. C. , Oct. 20-22. August 1 is dead
line for submitting 200-word ab
stract to '~'illiam C. Rittinger, 
Technical Program Chairman, 1965 
Electron Devices Meeting, Bell 
Telephone Laboratories, Inc. , Mur
ray Hill , New Jersey. 

International Scientific Radio Un
ion (URSI), ational Academy of 
Sciences, National Research Coun
cil; Dartmouth College, Hanover, 
New Hampshire, Oct. 4-6. July 9 
is deadline for submission of 200-
word abstract in duplicate to Pro- · 
fessor T. Laaspere, Radiophysics 
Laboratory, Dartmouth College, 
Hanover, New Hampshire. 
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Astrodata's New Astrolock*-loop 
FM Subcarrier Discriniinator 

• 

Within ± 0.01% of center frequency for 
24-hours after a 5-minute warm-up. 

The Astrodata Model 402-201, all 
solid-state FM subcarrier discrimi
nator utilizes the new Astrolock 
phase-frequency detector, crystal
referenced, FET chopper-stabilized 
VCO, and current mode loop filter, 
which are proprietary developments 
of Astrodata, Inc. 

This completely new and different 
type of locked-loop discriminator 
gives performance exceeding that of 
both conventional phase-locked-loop 
and pulse-averaging types of discrim
inators. 

The new crystal-referenced, FET 
chopper-stabilized VCO provides 
state-of-the-art performance in sta
bility and linearity, without a tem
perature controlled oven. 

The Astrolock detector, with its com
posite phase-frequency characteristic, 
assures positive lock-in at any signal 

• 

Better than ± 0.02% of full 
bandwith, best straight line. 

level within the 66 db dynamic range. 
True locked-loop performance is pro
vided for deviations up to ± 40 % , 
with specified linearity. A quadrature 
detector mode of operation, selected 
by a switch on the front panel, pro
vides correlation detection for ex
tremely low S I N signals. 

The Model 402-201 introduces a new 
method of tape-speed compensation in 
which the reference frequency is 
processed in the frequency domain. 
As a result, tape speed compensation 
is perfect at any fixed frequency from 
lower bandedge to upper bandedge, 
and is better than 30 db for intelli
gence frequencies up to a modulation 
index of 4. Deviations of more than 
± 3 % anywhere in the band can be 
accommodated. No adjustments are 
necessary. 

With this new Astrodata Tape Speed 
Compensation system, the over-all 

stability for a given data channel is 
that of the data discriminator alone, 
whereas in a conventional system the 
over-all stability is the sum of the sta
bilities of both the data discriminator 
and the reference discriminator. 

A complete line of accessories is avail
able for use with the Model 402-201. 
Channel Selectors and Low Pass Fil
ters are provided for all standard 
IRIG and Constant Bandwidth center 
frequencies up to 300 kc. Six discrim
inators and one common power sup
ply mount in a rack adapter which 
occupies a panel space of 7-in. x 19-in. 

For complete technical information 
on Astrodata's unique Astrolock -
loop FM Subcarrier discriminator 
and full line of telemetry components, 
call your local Astrodata engineering 
sales representative or write to us 
directly. 

& .&.&"i.":&.C>I>.&."i.".&. JC:J!lil"CJ. 

P. 0. Box 3003 • 240 E. Palais Road • Anaheim, California 92803 

24- .,.rademark TEL. (714) 772-1000 •TWX 714-776-3760 •FAX• TELEX 06-78828 •CABLE ADDRESS• ASTRODATA, Anaheim 
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BOURNS 
TOTAL VALUE 
... the difference between low-cost and cheap 
It's understandable if you've never thought of Bourns as 
a potentiometer bargain basement. You may be surprised 
to know, though, that Bourns offers you the industry's 
widest assortment of low-cost adjustment potentiometers. 

in-process and final inspections, and reliability double
checks. Even the least expensive unit must undergo 
periodic sampling tests and requalification in the relent
less Bourns Reliability Assurance Program. 

These are true commercial and industrial units-not 
downgraded aerospace or military models. Every Bourns 
potentiometer is designed from the ground up for the job 
it's intended to do. 
To be sure, Bourns incorporates many features of its 
more expensive potentiometers in the low-cost units
many of the same materials, many of the same design 
improvements and cost-reducing manufacturing tech
niques. Low-cost models are also subjected to extensive 

How, then, can Bourns compete in price? Two reasons: 
(1) heavy sales volume and (2) an unusual incentive pro
gram that motivates every employee to make product 
quality and production efficiency his personal concern. 

That $1.14 * you pay for a Bourns Model 3067 buys you 
more than a potentiometer-it buys you reliability. 
That's total value - the reason that Bourns potentiom
eters outsell all the rest. ' 500-poece price 

THIS IS BOURNS TOTAL VALUE / Always your best value in potentiometers 

EXCLUSIVE RELIABILITY 
PROGRAl\I 
The Bourns Reliability Assurance Program 
is the only one of its kind in the potenti
ometer industry. I ts primary goa l is 
reliability! It frequently requalifies all 
standard models to insure conformance 
with published specifications. It also makes 
available free test data, saving you the time 
and expense of q uali ty verification. Con
ducted in addition to quali ty control. it 
makes Bourns potentiometers the most 
tho rough ly inspected and tested uni ts 
available. 

SUPERIOR QUALITY CO:\TIWL 
One-fifth of a ll Bourns employees work in 
quali ty control or reliabili ty monitoring. 
This is one of the highest personnel ratios 
of QC employees and inspectors in the elec
tronics industry. In add itio n, all standard 
Bourns products und ergo extensive in
process and 100% final inspection. These 
facts help account for the company's return 
rate of only 0.2% (2 units ret urned of each 
1000 shipped!), one of the lowest on record. 

MOST ADV AN CED PRODUCTS 
As the pioneer in adjustment potentio
meters, Bourns has set the standards for 
an entire industry-in new products, in 
product improvements, in materials, in 
processes. Innovations such as the 
RESISTON® carbon and P.\LIR!U~I ® film 

elements and the virtually indestructible 
SILVERWELD® term ination demonstrate 
that Bourns is constantly pushing the 
standards higher. 

LARGEST SELECTION 
Bourns offers the world 's largest selection 
of potentiometers and an extensive line of 
precision potentiometers, relays and micro
components. This single-source capabili ty 
means less shopping around, avoidance of 
costly special . 

BEST AVAILABILITY 
The factory maintains a constant reserve 
of more than 500,000 units. In additi on, 
more than sixty distributors ac ross the 
nation carry complete stocks of Bourns 
adjustment potentiometers. Whatever you 
need in potentiometers, you can depend on 
Bourns for an off-the-shelf answer. 

OUTSTA.NDIJ\'G APPLICATIO:\S 
HE LP 
Bourns mainta,ins a staff of ten professional 
Application Engineers whose sole job is to 
give you technical assistance. Each of these 
specialists serves a specific geographic area. 
All are extremely able and anxious to help 
you cut time, corners and costs. 

LO;\'GEST EXPERIE 'CE, 
RELIABILITY 
Bourns-originator of the TRni roT® lead
screw -act uated potentiometer-has 

TRIMPOT is a registered trademark of Bourns, Inc. ~1965. BOURNS, Inc. 

been making adjustment potentiometers 
longer than a ny other manufacturer. 
Bourns products have the longest reliabi li ty 
record, too, having performed successfully 
in every major U.S. missile and space pro
gram. And the record continues: in today's 
world-wide markets, far more adj ustment 
potentiometers bear the Bourns label than 
any other. 

CO:'I IPETITIVE PRICES 
Depth of product line and high production 
efficiency allow Bourns to meet or beat the 
prices of competitors-despite its heavy 
extra expenditure for product reliability. 
Furthermore, Bourns " holds the line" on 
prices while continuall~· upgrading its 
products. In those cases where a Bourns 
unit is sli ghtly more expensive, you can be 
sure that the small extra cost means con
siderable extra value. It is a firm Bourns 
policy never to compromise quali ty for price. 

J30URNS 

BOURNS, INC .. RIVERSIDE, CALIFORNIA 
Manufacturing Facilities 

RIVERSIDE. CALIFORNIA; AMES, IOWA; 
TORONTO, CANADA 

Subsidiaries 
TORONTO, CANADA; ZUG. SWITZERLAND; 

THE HAGUE, NETHERLANDS 

MANUFACTURER: TRill!POT® & PRECISION POTENTIOl\IETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION 
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F/P·5·101·A 

Integrated Circuits! 
FAIRCHILD MICROLOGIC~WIDEST LINE IN THE INDUSTRY 

MICROLOGIC HIGH SPEED INDUSTRIAL MILLIWATT TRANSISTOR/ DIODE/ COMPLEMENTARY COUNTING TRANSISTOR TRANSISTOR TRANSISTOR 
INTEGRATED µL FµL MWµL TTµL DTµL CTµL CµL 

CIRCUITS MICROLOGIC MICROLOGIC MICROLOGIC MICROLOGIC MICROLOGIC MICROLOGIC MICROLOGIC 
-55"C to + 125• c + 15•c to + 55 "C - 55 •c to + 125• c - 55 •c to + 125•c -55"C to + 125•c + 15• c to + 55°C o· c to + 15•c 

NANO/NOR NOR 
NAND/~OR 903, 915 3-input 95Z Dual 2-input 

GATES 903 3-input 907 4-input NANO/NOR 103 Dual 4-in put 930 Dual 4-input inverter 
907 4-i nput 910 Dual 2-input 946 Quad 2-input AND 

910, 911 (see MWµl) 104 8-input 953 2-2 ·3-input 914 Dual 2-input 914 Dual 2·i nput 911 4-input 96% Triple 3-input 
954 Dual 4-input 

915 Dual 3-i nput Epo.y 955 8-i nput 

904 AND/OR 
904 ANO/OR 908 EXCLUSIVE OR 

ADDERS 2-level Half Adder 912 AND / OR 
2-level Half Adder 901, 912 (see MWµL) 2-level Half Adder 

BUFFERS 
900 Low Impedance 932 Dual 4-i nput 

900 Low Impedance Epoxy 909 2-input 956 Dual 2-input 
909 2-input inverting 944 Dual 4-input 

931 CLOCKED 
951 DECADE 
COUNTER 

STORAGE 902 RS 923 EPo.Y J. K 945 CLOCKED i ASCADING 
905 GATED RS 905 GATED RS low Impedance 59 

ELEMENTS with inverter with inverter 913 TYPE 0 941 CLOCKED 957 DUAL RANK BUFFER/STORAGE 
906 GATED RS 913 TYPE 0 low Impedance ~ming 2nd qtr. '65) 

(Flip-Flops) 926 J-K 926 J·K 950 A.C. DECODER / 
Coupled R.S. DISPLAY DRIVER 

(coming 2nd qtr. ' 65) 

933 EXTENDER 

OTHER 901 Counter Adapter 921 EXTENDER 921 EXTENDER & ul l 4-in put 
Dual 2-input Dua l 2-input 5 MONOSTABLE 

MULTIVIBRATOR 

PERFORMANCE RTL ; 12 nsec; RTL ; 12 nsec: RTL; 40 nsec: TIL; 25 nsec: OTL: 25 nsec ; CTL; 5 nsec; 
(logic form , 15 mW/node; 2-15 mW /node; 2 mW /node; 22 mW/gate: 5 mW /gate; 35 mW/gate; 600 mV; RTL ; 

speed. power, 300 mV; T0 -5. 300 mV; 300 mV; T0 -5, 450 mV; l.OV; T0 -5. Dual In -li ne T0 -5. Dual 
noise immunity, Cerpa ck 114" x 114" flat T0 ·5, Metal or Epoxy Cerpaek 'A " x 1;. " flat Cerpack 1;. "x 1;. " flat Cerpack 1;. "x 1;. "flat Industrial type In -line Industrial 

packaging) 

New circuits In red Micrologic-Fairchild's brand name for digital integrated circuits. Mierologic, OTµL-, MWµL, TIµl, CTµl, ~JLL, CJ.LL, µ.L and µA are Fairchild trademarks. 

PLUS- NEW MONOLITHIC LINEAR CIRCUITS 
1. High Gain, Wideband D.C. Amplifier-µA70ZA 
Precision instrumentation amplifier for high 
speed analog systems. Offset voltage: ZmV. 
Voltage gain : 2800. 

z. High Speed Differential Comparator-µA710 
Variable-threshold Schmitt trigger. Pulse height 
discriminator. Memory sense amplifier. Compat
ibility with all integrated logic forms. Offset volt· 
age : 3m'\t. Response time: 50nsec. 

F=AIRCHIL..CJ 
SEMICONDUCTOR 

EASTERN ALABAMA Huntsville : Schweber Electronics. 539·2756. CONNECTICUT Hamden: Cramer Electronics, 288-7771. FLORIDA Orlando: Crescent Electronics Sales, 423-8586; Hall Mark 
Electronics Corp ., 855·4020. MARYLAND Baltimore: Valley Electronics, NO 8·4900/D. C. Area: Powell Electron1cs, 474-1030. MASSACHUSETTS Newton : Cramer Electronics. WO 9-7700/ 
Watertown: L. L. Schley Co., WA 6·0235. NEW JERSEY Cherry Hill: Valley Electronics, NO 2·9337. NEW YORK Baldwin, L.1.: Taylor Electronics Corp., 223-8000/Buflalo: Dart Sales, 684·6250; 
Summit Distributors, 884·3450/ Syracuse: Dart Sales, GL 4-9257; Eastern Semiconductor Sales, Inc .. 455-6641 /Westbury, L.1.: Schweber Electronics. ED 4-7474. PENNSYLVANIA Philadelphia: 
Powell Elec tronics, 724-1900. CENTRAL ILLINOIS Chicago: Avnet Electronics, 678-8160; Semtconductor Specialists, 622·8860. MICHIGAN Detroit : Semiconductor Specialists, LU 4·5901. 
MINNESOTA Minneapalis: E. C. Electronics Sales, 888·4626; Semiconductor Specialists, UN 6-3435. MISSOURI St. Louis: Durbin-Hamilton Electro Corp. , 966-3003. OHIO Cincinnati : Sheri· 
dan Sales Co .• 761-5432. TEXAS Dallas: Norvell Associates. FL 7-6451 /Hous ton : Norvell Associates. MO 5 0558. WESTERN ARIZONA Phoenix: ~ Hamilton Electro, 272·2601; G. S. Marshall Co., 
946·4276. CALIFORNIA Los Angeles: Hamilton Electro, 870·3300/Pa/o Alto: Hamilton Electro, 321·7541 / RedwOOd City: G. S. Marshall Co., 365-2000/San Diego: Denny-Hamilton Electronics, 
279·2421,· G. S. Marshall Co., 278-6350/San Marino: G. S. Marshall Co., MU 1·3292. COLORADO Denver: Hyer Electronics. 771·5285. NEW MEXICO Albuquerque: Hyer Electronics, 268·6744. 
WASHINGTON Seattle, Hamilton Electro, 282-3886. CANADA Toronto, Ontario' Avnet, 789·2621; Montreal, Quebec' 697-1993. 

FAIRCHILD SEMICONDUCTOR SALES OFFICES 
EASTERN ALABAMA Huntsville 536-4428. FLORIDA Orlando CH 1·2596. MARYLAND College Park 779-6868. MASSACHUSETTS Bedford 275-8450. NEW YORK Endwell 754-2600; Long Island 
ED4·8500; Poughkeepsie 454-7320; Syracuse GR 2-3391. PENNSYLVANIA JenO/ntown TU 6·6623. CEHTRAL ILLINOIS Elmwood Park 456·4200. OHIO Dayton 228-1111. MINNESOTA Minneapalis 
UN 6·3301. TEXAS Dallas Fl 2·9523. WESTERN ARIZONA Phoenix 946-6583. CALIFORNIA Los Angeles HO 6·8393; Palo Alto 321-8780. WASHINGTON Seattle AT 2·5344. CANADA OFFICE : 
Ontario, Toronto 782·9230. 

FAIRCHILD SEMICONDUCTOR / A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION / 313 FAIRCHILD DR., MOUNTAIN VIEW, CALIF./962-5011/TWX: 910-379-6435 
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Editorial 

No time 
tor 
timidity 

Electronics I June 28, 1965 

Speaking on the West Coast earlier this month, David Rockefeller, 
president of New York's huge Chase Manhattan Bank, offered some 
advice to companies hurt by declining military sales. He urged them 
to move boldly into nondefense activities as if they belonged there, 
not timidly, like usurpers. 

"Many defense contractors do themselves an injustice in conveying 
the impression that they can work only on missiles and space vehicles,'' 
the banker said. "The fact is that they are in the problem-solving 
business and this nation is a long way from running out of problems." 

A lot of these problems have been around for a long time, but 
attention is just being focused on them. For example, the colossal 
traffic jams that tie up every city in the world; the demand for good 
education by millions of people, though the supply of teachers is 
forbiddingly limited; the mushrooming complexity of government 
at all levels-city, state and federal; the upswing in preventive 
medicine; and the replacement of human organs by artificial ones. 

There is still plenty of government money around, and a lot of it 
never sees the Pentagon. Municipalities and states are stepping up their 
expenditures for research and development and for electronic solutions 
to some of their problems. On the national level, some of the most 
interesting projects in the next few years will be coming from the 
Department of Health, Education and Welfare, rather than the Defense 
Department. 

Engineers at a few electronics companies, which have been best 
known for their activity in military or space electronics, are getting 
their feet wet in this new area. The Sperry Rand Corp. , for example, 
is working on a project to untangle New York City's traffic; Cubic Corp. 
has perfected an electronic vote counter; Non-Linear Systems, Inc. , 
is developing an electronic teaching machine; and the State of 
California has commissioned three aerospace companies to work on 
unique projects. A subsidiary of Aerojet General, the Space General 
Corp., which had developed a biological warfare warning system for 
the military, is now studying how aerospace technology might be 
applied in the war on juvenile delinquency; the North American Aviation 
Co. is examining the transportation of people and freight in urban 
areas; and the Lockheed Aircraft Corp. has a contract to pursue what 
many people say may lead to a giant electronics market, information 
Row in government. 

Clearly, there is money available to companies with practical 
ideas that may solve pressing problems. 

But there is more-there is also great satisfaction to be earned. 
Even those few engineers who have had quiet doubts about pouring 
their creativity into implements of war can join unreservedly in 
a project to improve education, care for the sick, better urban living 
or ease the paperwork of government. 

It is sheer waste not to find new uses for the powerful technology 
that has been developed in the past ten years for military and space 
applications. In his speech, Rockefeller said sarcastically, "It seems 
reasonable to assume that the 'brain teams' that have figured out how 
to put a man on the moon should be able to get a man to work a 
little more quickly and efficiently." 

The answer to many of the problems of daily living is in electronic 
equipment. The challenge is there; the opportunity is there; even 
the money is there. What's missing, however, is the bold entry of more 
electronics companies into unfamiliar areas of application. 



This P&B relay switches 20 amperes, 

costs only $3.90* each, is available 

from leading parts distributors . .. 

and it's this small 

Here is a real space-saving power relay 
-ideal for a pplications where limited 
space is a factor. Three KR3 relays will 
fit in the space r equired for one 20-
ampere relay of most other makes. The 
KR3 occupies only little more than one 
and a half cubic inches. 

Installation is 
simple, too. Stand
ard KR3 relays 
have a convenient 
stud and mount
ing tab-and the 
contact terminals I 
will accept 3-i" 
quick-connects or solder connections. 

Field-proved for more than a year, 
the KR3 is available for immediate 

*Unit price for 6 to 115V AC models. 
Quantity discounts available. 

shipment from authorized P&B distrib
utors. Tests show mechanical life will 
exceed one million operations .. . a nd 
the twin contacts a re rated at 20 am
peres at 115V AC, 60 cycles resistive or 
28V DC , 1 HP 115/230V 60 cycles. 

Relays ordered from 
the factory can be sup
plied in clear, high-im
pact polycarbonate case 
with octal plug. 

For complete infor
mation, call your nearest 
P&B sales representative 
or write direct. Remem
ber .. . you ca n buy 
cheaper relays but you cannot buy 
P&B quality for less. 

ENGINEERING SPECIFICATIONS 
GENERAL : 
Insulation Resistance: 1000 megohms. 
Expected Life: l million mechanical operations, m in. 
Breakdown Voltage: 500V rms 60 cycles bet . all elements, 
Temperatu r e Range I AC and DC: - 45°C min . 

Open Relay AC: + 70°C max. 
DC: +ss•c ma x. 

CONTACTS : 
A rrangements: SPST-N0-08 (1 Form X) only. 
Rating: 20 amps@ l lSV AC, 60 cycles resistive, 

or 28V DC; 1 HP l 15/230V 60 cycles. 

COILS : 
Voltage: DC: to 11 OV 

AC: to 230V 
Power: DC: 1.2 watts min. 

AC: 2.0 volt-amps. 
Resistance: 16,500 ohms maximum. 
Duty: Continuous. 

MOUNTING: 
Open: One 6-32 stud and ~If locating tab on 71i.s" centers, 
Enclosed: Octal socket. 

RIDE THE AMF MONORAIL AT THE NEW YORK WORLD'S FAIR 
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POTTER & BRUMFIELD 
Division of American Machine & Foundry Company, Pr inceton, Indiana 
In Canada: Potter & Brumfield, Division of AMF Canada Ltd .. Guelph , Ont. 

Export: AMF Internation al, 261 Madison Avenue, New York, N.Y. 
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RCA to double 

color tv output 

One-gun color tv 
scores hit at show 

New computer uses 

titanium circuits 

IC's to cut cost 
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The Radio Corp. of America is planning the largest expansion program 
in its 46-year history to meet the demand for color television receivers 
and picture tubes. It will spend $36.4 million to double its color tube 
production in three years and $13.3 million to double receiver output 
in two years. 

Despite the shortage of color picture tubes-the industry could sell 
half a million extra sets this year if tubes were available, according to 
RCA sources-RCA has decreased its expected output for this year from 
1.5 million to 1.35 million. Reason: The company will switch its pro
duction as quickly as possible to 25-inch rectangular tubes, and it cannot 
make these tubes as fast as the 21-inch round ones. 

Though the round tube will amount to 75% of RCA's output in 1965, 
it will be phased out of production, except for the small replacement 
market, by late 1966. 

The most popular exhibit at the IEEE conference on' radio and television 
receivers in Chicago was a completely transistorized dot-sequential color 
receiver made by the Semiconductor division of the Fairchild Camera & 
Instrument Corp. The set uses a one-gun Chromatron color tube. 

Fairchild also showed an f-m tuner using metal-oxide semiconductor 
field-effect transistors and an integrated circuit in the intermediate fre
quency stage. The circuit, which has five elements, can also be applied to 
the i-f stage in a tv receiver. Fairchild said the integrated circuit chip 
should cost well under a dollar-about the p!_ic~ of a single-element i-f 
stage with discrete components-by early next year. 

Television-set producers were generally cool toward the large-screen 
transistorized prototypes shown by semiconductor manufacturers. They 
say consumers won't spend the extra money for solid state circuitry in 
large receivers, since there can be no significant reduction in size. 

The titanium thin-film production techniques developed several years 
ago by Lockheed Aircraft Corp.'s Missiles and Space division are about 
to have their first large-scale application in commercial electronics. 

Pacific Data Systems, Inc., is set to introduce a computer with titanium 
circuits that may be the first commercial analog computer m1;1de with 
microcircuits. PDS hasn't disclosed any details of the computer type or 
circuits, but the company is a subsidiary of Electronic Associates, Inc., 
a leading manufacturer of analog and analog-digital computers. 

The chief commercial attraction of the unique Lockheed process is 
the low cost of thin-film production and hybrid microcircuit assembly. 
All the passive components are made chemically from a single plated 
thin film. 

The plating can go into holes in the substrate and regularly packaged 
components, such as transistors, can be added by dip soldering. 

A dollar a circuit-that's how much the Nuclear-Chicago Corp. will cut 
the price of scintillation-counting system by using 350 monolithic logic 
circuits. It is one of the first large instruments to be made commercially 
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with integrated circuits. The 350 off-the-shell Signetics Corp. circuits 
replace 6,000 discrete components, saving assembly labor. 

Deliveries of the new system, which is used for radiation measurements, 
will start in September. The price is $14,200, which is $500 more than the 
price of a comparable discrete-component model; but unlike the discrete
component unit, the new model does not require an $850 external cal
culator. The new system makes the calculations internally and prints out 
the results. 

Nuclear-Chicago built in the calculator and printout, resulting in 
economies in manufacturing, packaging and system design that exceed 
the added cost of integrated circuits over discrete components. 

The Collins Radio Co. has received the first large order for radio altimeter 
systems. United Air Lines will spend $1 million to install them in 164 of 
its jets. 

The Collins AL-101 altimeter measures terrain clearance from 2,500 
feet down to touchdown for automatic instrument landings. 

Litton Industries, Inc., has sold a few similar systems to other airlines, 
but United's order calls for equipping its entire fleet, plus all aircraft it 
buys for the next two years, with radio altimeters. 

Air Force officials are sanguine about winning Defense Secretary 
McNamara's approval for the Manned Orbiting Laboratory (MOL) pro
gram, but the Pentagon will say only that a decision should be reached 
soon. 

Two factors contribute to the surge of optimism: the stunning success 
of the Titan 3C, which is large enough to lift MOL into orbit, and the 
spectacular performance of the astronauts in Gemini 4, showing that 
man can work in space for extended periods. 

A three-pound camera, believed to be the smallest vidicon television 
package yet developed, has been designed by Teledyne, Inc., which says 
the 4l/z-by-3l/z-by-l l/2-inch device is nearly ready for demonstration. 

The new camera includes in a single package all the integrated cir
cuitry and control electronics necessary for producing a standard video 
picture. The camera is being developed under a contract with the Na
tional Aeronautics and Space Administration's Marshall Space Flight 
Center. It would be used to monitor instrumentation on flights of the 
Saturn rocket. 

Industry proposals are due July 13 on a portable experimental package 
containing eight scientific experiments that U.S. astronauts will deposit 
on the moon. The, National Aeronautics and Space Administration will 
award as many as three concurrent design studies. 

Later, there will be a multimillion-dollar contract to one of the com
panies for the development of the package from which astronauts will 
assemble and set up instrumentation for measuring the physical condi
tions on the moon. 
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from SYLVAN IA Electronic Components Group 

MICROWAVE COMPONENTS 

A new approach to Ka-band power (SYG-2001) 

Until ;ust recently, a Ka-band kly
stron was the most practical means 
of obtaining Ka-band power. While 
the short-range performance of a Ka
band klystron was often satisfactory, 
service life was at best limited, often 
less. Another consideration, the Ka
band klystron has always been costly. 

A new component by Sylvania, a 
high-frequency waveguide tripler, is 
proving itself as an excellent replace
ment for Ka-band klystrons. It has 
the big advantage of providing eco
nomical Ka-band power with X-band 

30 

20 

reliability. As a simple method for 
converting X-band to Ka frequen
cies, this Sylvania tripler can be ideal 
for commercial communications 
equipment, military radar systems 
and test equipment bench usage. 

The SYG-200l's reliability and sta
bility are evidenced by recently com
pleted tests where the unit was run 
continuously without adjustment or 
interruption for thirteen months. This 
performance indicates the long-range 
cost savings possible by reducing kly
stron replacement. Sylvania's wave-

V"" -v ~ 

v v 
10 ./' ...... --
0 

25 50 75 100 125 150 175 200 225 250 

INPUT POWER = MW 

guide tripler delivers Ka-band power 
at X-band costs. 

The SYG-2001 is available through
out the range of its RG-52/U input 
waveguide; it can be designed to any 
specific frequency in the Ka-band 
spectrum. This Sylvania multiplier 
uses a special D-5245D gallium ar
senide varactor diode and can be 
supplied with or without an X-band 
klystron driver. 

Its important characteristics in
clude a 25% minimum efficiency, a 
guaranteed minimum output power 
of 50 milliwatts and an output band
width of 300 megacycles. 

Without an X-band klystron or 
waveguide transition attached, the 
SYG-2001 is 2.75 inches long and 
weighs 6 ounces. It can be mounted 
in any position without sacrifice to 
performance. 

CIRCLE NUMBER 300 

This issue in capsule 
Integrated Circuits - two new J-K 
flip-flops save packages, power and time. 

CRT's -how to print 135,000 diffe~ent 
addresses in one hour. 

Readouts-what "solid-state reliabil
ity" can mean to the EL user. 

Microwave Diodes - a Ku - b a n d 
switching diode that handles narrow pulse 
widths with maximum fidelity. 

Color TV-a New York television sta
tion chooses color bright 85 picture tube 
for its monitor . 

Surge Arrestors-protection for 
power distribution systems, insurance for 
military readiness. 

Diodes-matched diodes in pairs, trip
les and quads for high-speed switching. 



CRT's 

Simplify printing problems with 
character-producing CRT's 

It's a well-known fact that character
producing cathode ray tubes are 
playing an increasingly large role in 
non-impact printing systems. For ex
ample, modern CRT's are essential to 
data output printers on high-speed 
computers; they're also vital to fac
simile data-transmission systems. 

CRT's have achieved a large meas
ure of success in solving a major prob
lem of mass-circulation magazines
namely, the high-speed printing of 
individual addresses in minimum 
time periods. A Sylvania monoscope 
and a Sylvania electrostatic charge 
printing tube, for instance, are at the 
very heart of A. B. Dick's high-speed 
non-impact label printers, which can 
produce some 135,000 address labels 
per hour. The 3-inch monoscope tube 
generates as many as 30,000 charac
ters per second. The electrostatic 
printing tube ( EPT) is used for 
printing the same characters onto 
labels in heavy rolls. 

The A. B. Dick Co. designed these 
tubes into its remarkable Model 910 
Videograph Address-Label Printer, a 
highly automated web-type printer 
that achieves these huge production 
rates of 135,000 labels an hour. A 
single operator can continuously 
operate the Videograph because of 

other automated features, including 
paper splicing and roll changing. 

Basic to high-speed electrostatic 
printing in the Model 910 is its ability 
to use video signals to write charac
ter images on a moving web of di
electric coated paper. These signals 
are generated by a digital-to-alpha
numeric monoscope-type converter 
which uses a Sylvania SC-3093, a 
special 3-inch monoscope. This tube 
is capable of generating video signals 
for 64 different characters or symbols 
at a rate of 20,000 to 30,000 charac
ters per second. 

Another CRT, the Sylvania Type 
SC-2795, is used for electrostatic 
charge printing. The tube has no 
phosphor screen. Instead, a matrix of 
extremely fine wir~s extends through 
and is sealed into the faceplate. 
There are 62,500 wires per square 
inch of faceplate surface on the EPT. 
To print, video signals are applied to 
the deflection yoke or plates: the 
video signals cause the electron beam 
of the EPT to move and write char
acter forms on the inside of the wire 
matrix faceplate. The outer side of 
the wire matrix faceplate is in con
tact with the moving dielectric paper. 
As the electron beam strikes the 
wires, current passing through them 

places an invisible electrostatic 
charge pattern (latent image) on the 
paper. The pattern on the paper con
forms to the characters written by the 
EPT electron beam. 

The moving paper then goes 
through a developer hopper where 
the latent image is made visible by 
toner application. When the paper 
goes through the fixing process, 
printing is complete and the paper 
is wound onto one of the spindles in 
the take-up turret. 

At the printer, the horizontal dis
placement of the electron beam in 
the electrostatic printing tube is syn
chronized with the horizontal rate of 
scan, which is the same as the speed 
at which paper is fed past the EPT. 
With both of these actions synchro
nized, any variation in tonal value on 
the original document is reproduced 
by the printer. This means that pic
tures as well as printed data can be 
transmitted and reproduced. 

The version of the electrostatic 
printing tube used for facsimile re
production has a narrow band of 
wires which spans the width of the 
tube instead of the wide matrix of 
wires used in digital printing appli
cations. This type of electrostatic 
printing tube is the Sylvania SC-3144 
or SC-3154. Facsimiles of documents 
measuring 8112 inches by 11 inches are 
printed on a continuous roll of paper 
at the rate of 10 per minute. 

The inherent advantages of Video
graph electrostatic printing over me
chanical printers include high reli
ability, great speed, and versatility in 
selection of character sizes and line 
spacing. 
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DIODES 

Sylvania multiple diodes save time, 
solve high-speed switching problems 

Matched monolithic diodes by 
Sylvania can be the perfect solution 
to high-speed switching problems. 
Packaged in pairs, triples and quads, 
each of these units has either com
mon cathodes or common anodes. 

The principal advantages to these 
multiple diodes are reliability and a 
savings in assembly time resulting 
from fewer external connections. 
Their exb·aordinary reliability is as-

Type No. 
SID2A·l 
SID2A·2 
SID2A-3 
SID2A-4 

Type No. 
SID28-1 
SID28·2 
SID2B-3 

No. of 
Diodes 

2 
2 
2 
2 

No. of 
Diodes 

2 
2 
2 

PRY 
Volts 

40 
75 

100 
40 

PRY 
Volts 

40 
75 
40 

sured in careful matching of diode
to-diode characteristics for uniformity 
of performance, as well as by her
metic sealing in a dry ambient. 

Still other devices in Sylvania's epi
taxial multiple diode line are the 
diode bridges and ring modulators 
described here in the tabular matter. 

All of these units are supplied in 
T0-46 packages with 3 or 4 leads. 
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Common Cathode Diodes 

Max. Fwd. 
Recovery Time Current Fwd. Current 

ma @ l.OV na Trr nsec 

225 100 3.0 
200 75 3.0 
175 50 3.0 
175 20 4.0 

Common Anode Diodes 

Max. Fwd. 
Recovery Time Current Fwd. Current 

ma @ 1.0V na Trr nsec 

175 20 4.0 
200 75 3.0 
225 100 3.0 

Common Cathode Diodes 

Type No. 
SID3A-l 
SID3A-2 
SID3A-3 
SID3A-4 
SID3A·6 

Type No. 
SID3B-1 
SID38-2 
SID3B-3 

Type No. 
SID4C-2 
SID4C-3 

Type No. 
SID4D-1 

No. of 
Diodes 

3 
3 
3 
3 
3 

No. of 
Diodes 

3 
3 
3 

PRY 
Volts 

40 
75 

100 
40 

100 

PRY 
Volts 

40 
75 
40 

No. of 
Diodes 

4 
4 

Max. Fwd. 
Current Fwd. Current 

ma @ 1.0V na 
225 100 
200 75 
175 50 
175 20 
225 100 

Common Anode Diodes 

Max. Fwd. 
Current Fwd. Current 

ma @ 1.0V na 
175 20 
200 75 
225 100 

Diode Bridge 

Fwd. Current 
@ 1.0Volts 

ma 
30 
50 

Ring Modulator 

No. of 
Diodes 

4 

Fwd. Current 
@ l.OVolts 

ma 
50 

Recovery Time 
Trr nsec 

3.0 
3.0 
3.0 
4.0 
3.0 

Recovery Time 
Trr nsec 

4.0 
3.0 
3.0 

PRY 
v 
50 
75 

Capacitance 
OV-1 me 

4.5 
3.5 
2.5 
4.5 

Capacitance. pf 
OV-1 me 

5.0 
4.5 
5.0 

Capacitance 
OV-1 me 

4.5 
3.5 
2.5 
4.5 
2.5 

Capacitance 
OV-1 me 

5.0 
4.5 
5.0 

Matching 
Fwd. Current 
@2mamv 

20 

Matching 
Fwd. Current 
@2mamv 

20 



READOUTS 

Solid state reliability proven in 345,000-hour test 
The "solid state reliability" of electro
luminescence (EL) has been talked 
about at length in recent years. But, 
above and beyond the fact that there 
are no filaments and no vacuum, 
what can the term mean to a design 
engineer? 

In a continuing series of life tests, a 
total of 4,648 individual EL lamp 
segments were tested for 345,478 
hours. At the conclusion of this 
lengthy trial, there had not been a 
single incident of catastrophic fail
ure, long a problem with other read
out systems. Because the EL 
segments are phosphor-using, solid 
state devices, abrupt failure was 
again proved virtually impossible. 

Rather than be concerned with a 
burn-out or total failure the EL user 
must instead evaluate the point at 
which a device may need simple re
placement after considerable usage. 
Although light output does diminish, 
the remaining brightness can be ade
quate for continued long-life service. 

Programmed replacement can be 
done on a planned downtime basis. 

Reliability of this order is inherent 
in both special designs as well as in 
standard EL product lines. Basically, 
the product line consists of 7- and 
9-segment digits in numeric panels 
and a 14-segment character in alpha
numeric panels. Panels are available. 
in both single and multi-digit designs 
that can also display special symbols. 

Many other product pluses come 
with EL. For instance, because of its 
flat, single plane design, the EL read
out can be viewed from almost a 180-
degree viewing range. There is mini
mum chance for error in viewing 
from wide angles because of its in
plane presentation. And because the 
lighted area is behind a thin glass 
substrate, the viewing problems asso
ciated with stacked numbers are 
eliminated. 

Many engineers are finding that 
EL' s small physical size solves prob
lems caused by limited space. Solid 

state construction has allowed 
Sylvania to design standard units in 
the smallest depths ever made com
mercially available in readout sys
tems. EL also has the capability of 
presenting multi-numerics in small 
character sizes, spaced as close as 
clear readability will allow. Sizes as 
small as ¥2-inch can be ideal for such 
applications as frequency counters 
and navigational equipment. Larger 
sizes are preferred for schedule 
boards, elevator systems, silent-pager 
systems and dispatchers. 

EL readouts are well-known for 
other outstanding features. There is 
no radiation, proven in standard mil
itary tests over a range of 14 kc to 
1000 me. Power requirements are 
low: e.g., a %-inch numeric requires 
only 7 mw with all segments ener
gized. EL's graphic versatility is 
another product-plus; almost any 
special symbol can be fabricated and 
displayed easily and inexpensively. 
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Array of EL display panels shows variety in character size (1/2" to 6"), numeric style (7· & 9-segment), and alphanumeric style (14-segment). 
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INTEGRATED CIRCUITS 

How two new J-K flip-flops 
save packages, power and time 

Two remarkable new J-K flip-flops 
from Sylvania are proven low-cost 
solutions for counter and shift regis
ter circuitry in improved computer 
systems design. 

For example, the SF-50 J-K, which 
AND's up to three inputs on both the 
J and K terminals, provides an eff ec
tive circuit for 20-megacycle counter 
designs. 

The newest OR input J-K, SF-60, 
simplifies and improves shift register 
designs. This 20-megacycle shift-left/ 
shift-right register can be built with 
just four J-K SF-60 flip-flops (OR 
input). 

This versatile register can be used 
as a count-up/ count-down counter in 
the arithmetic portion of a computer. 
Both the shift register and the coun
ter designs (shown here) save gate 
packages, power, interconnections, 
layout time and money without sac
rificing speed, noise immunity, fan
out or capacitance drive. 
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STAGE STAGE STAGE STAGE 
NO. l N0.2 N0.3 N0.4 

0 0 0 0 
0 0 0 0 
0 b 0 1 
0 0 1 1 
0 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 1 1 
0 0 1 1 
0 0 0 1 
0 0 0 0 
0 0 0 0 

AT THIS POINT IN TIME THE CONTROL FLIP
FLOP IS PRIMED AND AT THE NEXT CLOCK IT 
ENERGIZES THE SHIFT-LEFT LINE. 
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COLOR TELEVISION 

New York TV station b '*®~ 
updates monitor with color ""' @(ill picture tube 
In a move to improve its monitoring 
equipment, New York station WOR
TV has installed a 21" color bright 85 
picture tube at its master control. 
The color picture tube selected, a 
Sylvania Type RE21FJP22, is a 
bonded anti-reflection rare-earth 
round cathode ray tube. 

True color fidelity is the principal 
advantage of the color bright 85 tube 
in a monitor site. It is here where 

PRODUCT MANAGER'S CORNER 

technicians insure that the best possi
ble balance between colors is being 
transmitted. The natural reds of 
Sylvania's rare-earth color bright 85 
tube now allow master control staffs 
to evaluate the color mix in its proper 
perspective. 

Before the advent of this tube, the 
only color picture tubes available 
were industry standard sulfide types. 
The traditional red color in these 

tubes was actually an orange-red that 
tended to turn even more orange as 
the brightness increased. The color 
bright 85 tube changed this with its 
natural europium-red phosphors, 
which remain a true red under all 
conditions. The newer phosphors, 
coupled with Sylvania's own air-spun 
screening process, assure precisely dis
played images on the face of the tube. 
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The "color" renaissance of receiving tubes 
In the late forties and fifties much 
effort was exerted by the industry in 
circuit simplification, receiving tube 
versatility, and in other programs 
aimed at bringing black-and-white 
TV receiver costs down to reach the 
mass market. The results are well 
known. Color TV is following a simi
lar pattern. However, the accomplish
ment here is expected to be much 
more rapid. 

The present color smge may be 
said to be providing a renaissance for 
receiving tubes, but in truth it is ac
tually an extension of the receiving 
tube's usefulness, enhanced by its 
more recent tremendous sb·ides in re
liability and performance. 

Having recognized these consider
ations a number of years ago, 
Sylvania has been carrying on a con
tinuing development program de
signed to inb·oduce better performing 
tubes and, at the same time, allow for 
the possibility that the overall cost of 
a given function in the receiver be 
reduced. One result is the new 
"Sylvania Receiving Tubes for Color" 
program which provides tubes for 
those critical functions in the color 
set that can perform at 125 to 150 
volts lower "B" supply than before. 
At the same time the new Type 9KC6 
strap frame grid dual control pentode 
and its associated chroma bandpass 
circuitry now provide a cost reduc
tion in the overall function along 
with improved performance. 

The above-mentioned development 
program is not limited to color TV 
alone; effort is also being expended 
for black-and-white. It is recognized 
that one of the greatest advantages 
of the receiving tube is that it can be 
manufactured in a predetermined 
manner with a very narrow range in 
characteristic variations. This allows 
the TV set manufacturer a greater 
degree of freedom, not just in set de
sign but in actual set production as 
well. In the latter case, for example, 
because of the receiving tube's nar
row spread in characteristics, there is 
no need to run many variations of the 
same chassis down the production 
line to accommodate receiving tubes. 
On the contrary, it is known that, due 
to diverse reasons (e.g., various com
ponents running near their own 
characteristic limits all in the same 
direction, or the set manufacturer re
vising set specifications), the receiv
ing tube has on occasion been rede
signed in a matter of hours and put 
into the lines to resolve the problem. 

Beyond the receiving tube's excel
lent technical and economic perform
ance in the set and on the lines, 
there's the matter of great strides 
made in reliability, especially in re
cent years. Sylvania has been running 
comprehensive evaluations of receiv
ing tube reliability in different makes 
and models of TV sets for more than 
a dozen years. Recent data show that 
the average receiving tube, all sockets 

lumped together along with the vari
ous types of black-and-white receiv
ers, should have an MTBF (mean 
time between failure) greater than 
500,000 hours at normal operating 
conditions. This is an order of magni
tude better than that achieved a 
decade ago and is the result of con
tinuing efforts toward better process
ing methods and better materials, 
such as, for example, the use of pow
der metal cathodes and rhenium 
tungsten heaters. 

Being newer, there is less cumula
tive information on the reliability of 
receiving tubes in color TV. How
ever, available data do indicate that 
the MTBF of the receiving tube here 
should be better than 300,000 hours. 
This present lower figure is due to 
the more critical demands of the 
color TV set over black-and-white. 
But, with increased experience and 
with continuing development pro
grams, it is expected that the MTBF 
qf receiving tubes in color sets will 
soon exceed 500,000 homs. 

It's hard to beat performance and 
reliability like this! 

A. L. DOLNICK 



MICROWAVE DIODES 

========M~.-=·~~= ~~~==-==== 
Speed (1 ns), isolation (35 db), low insertion loss (1 db) 

-all in one switching diode 
Problem # 1: Design high resolution 
radar equipment which must handle 
narrow pulse widths with maximum 
-fidelity. 
Problem #2: Find a Ku-band switch
ing diode to do the fob. 

Performance previously unavail
able in a microwave switching diode 
is now offered in the Sylvania 

~~ 
HOT LINE INQUIRY SERVICE 

Use Sylvania's " Hot Line" in· 
quiry service, e~pecially if you 
require full particulars on 
any item in a hurry. It's easy 
and it's free. Circle the reader 
service number(s) you're most 
interested in; then fill in your 
name, title, company and ad
dress. We'll do the rest and see 
you get further information 
almost by return mail. 

D-5151A. A unique combination of 
package and junction characteristics 
results in a maximum switching time 
of 1 nanosecond from 10% to 90% 
values, with a 35 db isolation possi
ble in the "off" position and 1 db in
sertion loss in the "on" state. 

equipment for high resolution radar 
or high-speed modulators for multi
ple transmission microwave data 
links. 

Capability of this order can be 
vital to designers of specialized 

The D-5151A's unique construction 
techniques result in extremely low 
junction capacities (typical .1 pfd.), 
which make possible low loss switch
ing at X- and Ku-band. 

PERFORMANCE DATA 
POLARITY: Forward or Reverse. 

ABSOLUTE MAXIMUM RATINGS: 

Storage Temperature Range, Tstg .... ....... .... ........... ............ . . ... - 65°.C to 150°C 

Operating Junction Temperature, T0P ......... . ....•.... . . . ...•••.. . .•.... . ...... - 65°C to 150°C 

Lead Temperature ........... .. ...... .. .. ..... .... ................ .. . ... ............. l 75°C 
}<," ± )i2" from case for 10 seconds. 

Maximum Power Dissipation, Pdiss ..... . .... .... ... ... ............... ..... .. . 

Derating Factor .................... ..... ........ . 

Maximum Working Voltage, VR (D·5151) .. .. . ..... ......... . 

Maximum Working Voltage, VR (D·5151AJ ..... ..... .. .... ... ............. . 

ELECTRICAL CHARACTERISTICS (25°C): 

Breakdown Voltage, BV 
IR= 10 Ji.a 

Total Capacitance, C1 . 
VR = -30 v 
Freq. = 100 kc 

D·5151 

....... ...... .... 50 v min. 

. ...... .. ... ......... ... . 0.20 pf max 

. ........ 250 mw 

. ... - 2 mw/'C 

. ......... 50 vdc 

. ...... 80 vdc 

D·5151A 

80 v min. 

0.10 pf max. 

Dynamic Forward Impedance, ZF ...... ... ... .. .. ...... 3.75 O max. 3 .0 O max. 
IF ·= 40 ma 

Transition Time, Tt ....... ........ ............... .. .......... .. . ..... less than 2.5 ns 

Package Capacitance .... ........ ... .... ... ......... •....... . ..... .. ......... 0.05 pf 

Package Inductance .. ... .... .... ........ ... ... ......................... 1.4 nh in a 50 O line 
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ELECTRONIC SURGE ARRESTORS 

New 110-coulomb units customed to uses 
from 60 cycles to 2 me. 

The newest line of Sylvania surge 
arrestors for both new and retrofit 
use is the best equipment protection 
available today at time of enemy at
tack. The importance of this equip
ment protection is obvious: it can be 
the essential ingredient in maintain
ing many vital functions such as mili
tary readiness and power distribu
tion systems. 

Basic to these surge arrestors is 
Sylvania's Type SG-1360 spark gap 
series, designed to meet the most 
rigid requirements, including both 
industrial and military applications. 
These spark gaps prevent against 
transient overloads such as those gen
erated with a lightning strike. All 
units are built to withstand repeated 
high energy charges. 

Requirements for the respective 
frequency ranges are as follows: 

Frequency Voltage Breakdown 
Audio Frequency 60 to 2,000 300 to lK Volts 

cycles 
Mid-Frequency 2,000 cycles 500 to l.2K Volts 

to 2 me 
High-Frequency 2 me to 30 me 800 to l.5K Volts 

The audio electronic surge arrestor 
uses a 20-ohm wire-wound precision 
resistor in each line as secondary pro
tective devices to avoid transient ef
fects. The mid-frequency version 

requires an especially designed trans
former to provide secondary protec
tion in conjunction with the spark 
gap. 

The high-frequency surge arrestor 
has an especially designed transform
er and special transmission lines for 
secondary protection in the higher 
frequencies. 

These devices are all designed 
around three metal alloy electrodes 
hermetically sealed in a ceramic and 

metal package. This basic SG-1360 
spark gap design is essential to the 
surge arrestor's capability of switch
ing a total of llO coulombs, or 55 
coulombs per line. 

The 60-cycle breakdown voltage 
can be varied from 300 to llOO volts. 
This breakdown is arrived at by pre
cise spacing of the line-to-ground 
electrodes along with proper selec
tion of inert gas used for backfilling. 

CIRCLE NUMBER 307 

Electronic surge arrestor 
employing Sylvania's SG-1360 spark gap. 
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quested. We'll rush you full par
ticulars on any item indicated. 

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim
plify handling and save time. 



Breakthrough in performance and price-the facts about a new recorder 

A built-in power supply lets you (a) plug it in almost any
where. AC from 105 to 230 volts, any frequency from 50 
to 400 cycles. DC from storage batteries. (b) Uses low
cost 7" reels of 1/4" instrumentation tape. (c) High tape
speed stability with a closed loop drive that incorporates 
a phase-locked capstan servo. (d) Records up to 8 tracks. 
(e) Direct on each channel to 100 Kc. (f) FM on each 
channel to 10 Kc. (g) S/ N ratios to 40 db. (h) Accepts 
input signals from 30 mV to 10 V for full scale deflection. 
(i) Complete, switchable channel electronics, Direct and 
FM, record and playback, in a plug-in module. (j) Start 
with one channel if you wish - add more at any time. 
(k) Record and playback in either direction. (I) Electronic 
control logic prevents tape damage by operator error. 

Electronics I June 28, 1965 

(m) Three tape speeds in the ratio of 1 to 10 to 100-use 
the decimal system in your calculations. (n) Switching 
recorder speeds automatically switches the electronics. 
(o) Dynamic braking. (p) In a portable case, or rack 
mount with a simple adapter. 

Also available, options that include a loop adapter, 
remote control, and built-in calibration. 

Some of these features are not available on any other 
recorder at any price, yet the Pl-6100 sells for less than 
half the price of most other data • ,. 

recorders. Get the detailed story, • 
and complete specifications from @I 
Precision Instrument Company, 
3170 Porter Drive, Palo Alto, Calif. 

Circle 27 on reader service card 27 



f ilf ing. two gaps ..... 
RF POWER AT LOW VOL TADE AND Hl&H POWER AT Hl&H FREQUENCIES . . 

Designed for power handling, the 
2N3717 NPN silicon large signal 
amplifier in a T0-39 package an
swers the need for power output at 
low voltage. Operating directly from 
a 13.6 volt battery source, it will 
provide 2 watts output at 175 me 
with a power gain of 7 db minimum. 
At 250inc this same device will pro
vide 4 watts with 7 .5 do gain from a 
25-volt source. Try the 2N3717 ·(or 
its companion - the 2N3718 in the 
Motorola 102 stud package with 

NPN silicon annular amplifier transistor 
12N3818) provides 18 watts output power @ 
100 me usin& 25 volt source. 

leads electrically isolated from the 
stud) for any of your Class C ampli
fier requirements__:_ up to 500mc . 
. . . AT THE HIGH END OF THE POWER 
SCALE 

The 2N3818 'provi.des a typical 
power output of 18 wat~s at 100mc 
with a power gain of 6.5 db; operat
ing from 25 volts. Other devices, as 
shown by the curves, fill in the 
power-frequency· area to provide 
optimum performance at various 
levels . 

.•. other new NPN devices for Class C appli· 
cations are: 

Typical Power Supply 
Output Power Gain Frequency (Vet) Price 

Type (watts) (~b) (mcl lvolls) 100-Up 

2N3309 2.5 7:4 250 25 $12.00 

2N3664 2.5 7.4 250 25 14.00 

2N3137. 0.70 7.7 250 20 7.40 

MM1803 0.76 8.5 250 20 7.00 

Yo!f i:an select the !If transistor that meets 
your power I frequency requirements. 

~l--+--1-'---'-+~~ 

i 1---+-~L.....-- ·- -"d-F-4-+--i 2.0 

~ 
1i l--+--1-'--+--+-~-+---l--' 1.0 
~ ·==t==*===::::j::::;,~~l_.L...j , r u 
~ u 

+-~..,..,,~=;...~ .. 
+----+--'lil--4--1----10.3 . 

!;;--f;;-~\;;---;!;::--~-,l,,,.~--,.!,,...-,,!02 

... for hi&her power: 

Typical PoWer Supply 
Output Power Gain Frequency (V,!) Price 

Type (waits) (dbl (me) I volts) 100-Up 

2N3818 18 . 6.5 loo 25 $30.00 

2N3632 10 5.5 250 39 33.00 

2N3375 7.0 5.4 . 250 28 22.00 

2N3553 4.2 10.0 175 28 7.70 

New Motorola Annul a( Devices lxtend 
Deguire Rf Pow~r, low-Noise, High-Input 

LOOKING FOR A LOW·NOISE TRANSISTOR I I I 

FOR LOI-LEVEL OPERATION I I I AT A LOI PRICE? 
The 2N3798-99, with 0.8 db typ

ical noise figure at 1 kc to' 10 kc (see 
curves) at µ.A level are highly,r ecom
mended. And note from the specs 

below that you don't sacrifice 
such key parameters a s gain and 
voltage. 

Just as important is the price -
$4.10 for the 2N3798 and $4.50 for 

ALSO AVAUABLE - TWO IN · 
A PACKAGE ... as the 
2N3800 thru 2N3811 
series Twin• transistor~ 
with V8 E matched from 

. 10 µA to 10 mA and base 
voltage differential 
change specified as low 
as 10µ.V/°C from -55 
to +125°C. Units range 
in price from $9.50 to 
$18.50 for the tightest 
m_atched pairs . 
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· 0e 2N3799 in 100-up quantities. 

Electrical Characteristics 

Typical Noise Figure 
Uc= lOOµA, v~l = lOV, Ra = 3K, f = lOkcl 

Collector·Emitter Breakdown Voltage (8Vct0l 

11, = 10 mAdc, 1, = 01 

DC Forward Current Transfer Ratio (h11l 
Oc = 1 J.IAdc, Ve, = 5 Vdc) 
He= 10 µ.Ade, Vet = 5 Vdcl 

qutput capacitance (C.J 
CVe1 = 5Vdc, Ii = 0, f = I OOkcl 

2N3798 

l.O db 

60min. 

100 min. 

·4plmax. 

.. . " 

2N3799 

0.8 db 

60min. 

: 75min. 
225min. 

4 pf max. 

~ 6 .___,__,___,_ 

j4 
~ ·a 

~ 2~~"~m 
o..___.__,_-'-'--'-__._,__.__.__, _ _,__L-J._._. 

0.1 0.2 0.3 0.5 0.7 1.0 2 3 5 7 10 20 30 50 70 100 
I, FREQUENCY (Re). 

~ 4 P.....4'--+--+--1-'--f-+-+--h~-+--i--.;l-+-l 
~ 

;. 2 """d-"k:"bd'-t---t--t-"++-'f--+--1 

0.1 0.2 0.3 0.5 0.71.0 2 3 ' . 5 .7' 10 20 lO 50 ·70·100 
I, FREQUENCY Jkcl .. 

•Tradem~rk_of Mot~rola:· IAc, .. t Paient5; Pending . 
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FOR HARD·TO·SOLVE SOLID·SIATE CIRCUIT PROBLEMS~ 
INVESTl&ATE THESE MOTOROL-A FET's 

If you've kept up with the state
of-the-art, )<OU know that field 
effect transistors are gaining rapid 
industry-wide acceptance in s.olid
state circuits where performance 
with conventional junction transis
tors imposes severe compromises .• 
But maybe you've been too busy try
ing to solve your circuit problems 
with conventional means to investi
gate the newest methods. If so, we 
suggest that you might save time, 
and develop a superior design, by 
investigating what FET's can do. 

Simply, FET's combine the best 
features of vacuum tubes - ex
tremely high input impedance, ex-

. cellent AGC action, etc. - with the 
best features of semiconductor de
vices - high reliability, low-power 
consumption, small size and weight, 
etc. And, while we don't recommend 
them for every circuit stage, there 
are many jobs that they can do bet
ter (and cheaper) than either the 
tube or the junction transistor. 

Now Motorola offers you a choice 
of two FET desjgns - an insulated
gate FET (IGFET) designed for 
audio applications, and junction 
FETs (Junction-FET) for both 
audio and RF circuits to 100 me . 

Motorola 2N3796·97 
insulated-gate FET's 
operate in both en· 
hancement and deple· 
tion modes. 

The MM209tl-1·2 FET's 
offer Independent gate 
connections for use" in 
a broader range of 
appl icatlons. 

••• N-CHANNEL JUNCTION-TYPE FET's 
The MM2090, 2091, 2092 Junc

tion FET's are unique devices in 
that each has 2 gates (corresponding 
to the grids in a vacuum tube) 
which are brought out to separate 
terminals. Connect them together 
and you get extremely high gain 
( lyfsj = to 3600 µmhos); use them 
independently and you get excellent 
high frequency and mixer perform
ance. Even at 100mc the maximum 
available gain (mag) is 11.3 db. In 
addition, you'll find it superior be
cause of low-noise figure and high
input impedance. 

ELECTRICAL CHARACTERISTICS 

BVtm 
iyfsl 
~mhos 

!min.) VM= lOV, loo IOO·Up 
Type Vdc Vli·s=V~s= O mAdc Price 

min/max·r min/max•• minlmax. 
MM2090 50 250/ !000 I 50f1/ 1500 0.212.0 3,50 
MM2091 50 400/1600 800/2400 1.5 4,5 4.50 
MM2092 5{) 600/2700 1200/_3601),, 3.0 9.0 5,5{) 

•Gate 2 Common to Source ••Gate 2 Common to Gate l 

••• N-CHANNEL INSULATED GATE FET's 
Unlike the junction FET, whose 

gates must be reverse biased, this in
sulated gate device can operate with 
both positive (enhancement mode) 
and negative (depletion mode) 
gate-to-source voltages. Depending 
on the operating point, it can pro
vide extremely high gain or large 
signal-handling capability. De
signed for low-power applications 
at audio frequencies, it has an input 
resistance greater than 1015 ohms, a 
typical forward transfer admittance 
up to 3000 µmhos, and a noise figure 

. II l 3db tY.E_1ca !.Y_ as ow as 
ELECTRICAL CHARACTERISTICS 

yf"I 1011 

BV05a 
{@ V:is .:: lOV, Vr;,~= O) 100.Up Type (min.J Price Vdc min. max. min. max. 

2N3796 25 900 1800 O.SmA 3mA $ 9.00 
µmhos µmtio.s 

2NJ797 20 1500 3000 2.0mA 6mA 11.00 
µmhos µntbos 

Typical AGC amplifier using Motorola 
MM2092 junction field effect transistor 

INPUT 9.:J 

The B1undaries for Applications Which 
l1pedance Or Micro1iniaturization I 

f,pr micro-packaging ... 

70-MIL CERAMIC TRANSISTORS ( ~~~: • ) HELP REDUCE EQUIPMENT SIZE 
No longer must. amplifier and 

switching circuit designers be lim
ited to use of large bulky packaged 
metal or plastic transistors. A new 
Motorola ceramic technique now al
lows packaging within a 0.005 in2 

area ... a reduction of over 90 % 

Photo shows 
comparative size 
of new Motorola 
70-mil ceramic 
package (left) 
and standard 
T0-18. 
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compared to standard T0-18 space Designed specifically for general 
requirements. purpose low-current switching and · 

These new transistors include amplifier circuits, they are ideal for 
switch and amplifier types: use in thin-film circuit design and 
MCS2135/MCS2136 (NPN) and other specialized low-power appli-
MCS2137 /38 (PNP). Beside high cations where space is th~ limiting 
breakdown voltages (60Vdc mini- factor. 
mum) and high gain specified from For more information about these most re-
1 µAde to 1 O mAdc, these new de- cent silicon annular developments, write 
vices are economically priced - to: Dept. TIC-58, Box 955, Phoenix, Ari· 
starting at $4.85 100-up: zona 85001. 

~~the clillerel'lM in~ J~tftor~ 

(fl\ NIOTOROLA 
\C:J) Semiconducf:ors 
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STABILITY 

• 
LINE & LOAD REGULATION 

Model TC-100.2BR 

INDEX OF PAR REFERENCE SOURCES 

MOO EL OUTPUTS ACCURACY RESOLUTION 
NO. CONST. V. CONST. I. CONST. V. CONST. I. CONST. V. CONST. I. 

Oto2A Determined Determined 
TC-602R Oto60V @ 51 V max. 0.1% by Ext. lOmv by Ext. 

@ 2Ama" (Requires Ext. of F. S. Resistors 
Resistors) Resistors 400 µa max. 

TC-100.2R Oto lOOV Oto lOOma• 0.01% 0.02% lmv 1 µa @ 200ma max. <!!,. 100 V max. of F. S. of F. S. 

Oto6 V Oto60ma 
Oto 600ma 0.01% 0.03% l l'V JOm l'a TC-602CR Oto60V Oto2A olF.S. of F. S. mm. mtn. (!!, 2Amax. @ 60V max. 

Oto lOOV Oto 100 ma• 
TC-100.2AR Oto lOV OtolOma 0.01% 0.02% 10 l'V JOm ;<a 

Oto 1 V Otol ma min. mm. 
@200ma max. @ lOOV max. 

Oto lOOV Oto lOOma• 
TC-100.2BR Oto lOV OtolO ma 0.01% 0.02% lOOm l'v 100 l'l'a 

Oto IV Otol ma min. mm. 
@ 200ma max. @ JOOVmax. 

Any fixed Any fixed 
Within setting ~~~~t~gf.";a0:ge SF.Series voltage to 100 V current to 

(Fixed) @, 2 amps max. 2amps @ resolution about nominal lOOV max. 

•Available to 200 ma (at extra charge). 

30 Circle 30 on reader service card 

8 HOUR STABILITY 
CONST. V. CONST. I. 

. 001% 
. 001% ± stability 

of external 
resistors 

.001% . 002% 

. 001% .002% 

. 001% .002% 

. 001% .001% 

.001% .001% 

PRICE 

Sl,185 . 

$1,500 . 

$1,750 . 

Sl,800 . 

$2,200 • 

By 
quotation 
only. 

Princeton Applied Research Corpora
tion offers a sophisticated line of 
power supplies providing extremely 
stable voltage and current outputs 
whose accuracy is traceable to N.B.S. 
All models are completely solid state 
and feature a careful, conservative de
sign leading to highly reliable opera
tion. Indicative of the features found 
in these units is a unique chopper
stabilized amplifier with a DC open
loop gain of 5 x 106, falling off no 
faster than 6 db/octave to unity gain. 
This insures extremely low output im
pedance (less than 10 micro-ohms at 
DC) and fast transient response with
out ringing . 

PAR Reference Sources permit con
siderable operational flexibility, 
having been used in such diverse ap
plications as serving as the reference 
voltage in analog computers to pro
viding the constant current required in 
"bucking" coils in elaborate magnet
ometer systems. All units feature 
digital output selectors, complete short 
circuit protection, and low ripple and 
noise. Write for Bulletin No. 112. 

NCETON APPLIED RESEARCH CORP •. 
Dept. D 
Box 565, Princeton, N. J. 
Telephone (609) 799·1222 
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Military electronics 

Blueprint for the 70's 
The conversion of an experimental 
outfit at Fort Benning, Ga., into the 
Army's first air-mobile division will 
provide the electronics industry 
with a fairly clear blueprint for 
the equipment to be used by the 
Army of the 1970's. 

The new 1st Cavalry Division 
(Air Mobility) has been tested since 
Feb. 15, 1963, as the 11th Air As
sault Division (Test). It will be 
able to move men and equipment 
directly to a battle area by air in
stead of truck or on foot. It will 
also use helicopters as weapons 
platforms instead of tanks. 

Housekeepers. Industry, which 
moved in and set up housekeeping 
around Fort Benning the day the 
Air Assault Division was formed, 
knew that any equipment the air 
division selected would probably 
become standard equipment for all 
Army divisions, whether they op
erate in the air or on the ground. 
If equipment is better and smaller 
-the first two goals the signal bat
talion of the 11th Division set out 
to achieve-ground divisions will 
want it, too. 

Given equipment used by para
troopers, the signal battalion got 
rid of all 2%-ton trucks and cut 
the number of %-ton trucks down 
from 64 to seven, none of which 
carries electronic equipment. By 
redesign, reconfiguration, or by 
buying new gear, it put all elec
tronic equipment on quarter-ton 
vehicles. 

Almost all of the new division's 
434 aircraft are helicopters. At 
present, Army helicopters have al
most no navigation equipment; they 
need an accurate system to navi
gate to small areas. They need sta
tion-keeping equipment for flying in 
formation during bad weather and 
at night. Lights have been tried, 

Fighting unit of the Army's new air-mobile division prepares to board helicopter. 

but the obvious disadvantages have 
made the Army look favorably at 
a radar transponder system <level· 
oped by Lockheed-Georgia Co., a 
division of the Lockheed Aircraft 
Corp. 

Skip zone. Helicopters also need 
communications for a skip zone be
tween 50 and 75 miles. F -m works 
well up to 50 miles, and high fre
quency and single-sideband be
yond 75. In between, there is too 
often silence. 

Other avionics needs of the new 
division include: 

• A visual readout on f-m hom
ing and position-fixing equipment. 
Helicopters now home in aurally 
on an f-m radio, if the key is held 
down by the operator; a visual 
readout would be more precise. 

• A scrambler system for every 
f-m radio. Sanders Associates, Inc., 
is working on one that uses a plas
tic coded key card on the trans
mitter and an identical one on the 
receiver. 

• A good low-frequency portable 
homing beacon. 

The new division would also like 
a power supply that provides 2.5 
to 3 kilowatts at 115 volts, weighs 
no more than 70 pounds and op-

erates on an engine that can use 
several different fuels. 

Technical support 
Under the dual pressure of an econ
omy drive and a Civil Service Com
mission ruling, the Defense Depart
ment is about to reduce sharply the 
number of contractor-furnished 
experts who perform technical sup
port service for the military. The 
work will be turned over to Civil 
Service employees and to the mili
tary itself. 

The curtailment will affect about 
7,000 contractor personnel who 
train government workers to oper
ate and maintain weapons and 
other systems or who do the work 
themselves on a for-hire basis. It 
will not change the number or 
status of the so-called tech reps, 
who operate as liaison men be
tween contractors and the military. 

To the defense industry, the 
change will mean loss of about $117 
million of government business a 
year. Exactly what the effect will 
be on defense contractors gener
ally, and on the electronics indus
try specifically, can't be determined 
until the military furnishes detailed 
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plans for the conversion. 
Against the law. The decision to 

convert most technical support 
work to an in-house effort stems 
from a study ordered last Septem
ber by Defense Secretary Robert 
S. McNamara. The Secretary acted 
after congressional committees and 
the General Accounting Office al
leged that use of these specialists 
was often uneconomical and that it 
also appeared to violate Civil Serv
ice regulations. 

In February, the Civil Service 
Commission ruled that such em
ployment is illegal where contrac
tor personnel work directly under 
the supervision of a federal em
ployee who not only controls their 
work and judges its quality, but 
also has the power to remove them 
from a government project. 

The action will aim 6rst at elimi
nating this illegal employment. But 
it will also be directed in areas 
where the military concludes that 
government personnel can perform 
the work of contractor employees 
at a lower cost, and where it ap
pears that military preparedness 
could be improved. 

The sh1dy ordered by McNamara 
determined that 160,000 defense 
employees have skills comparable 
to those of the contractor's tech
nical support personnel and that 
their employment, including fringe 
benefits and administrative costs, 
as well as salaries, costs about 
$2,630 less per man per year. 

No pirating. What will happen to 
the contractor's employees is not 
clear. Some may switch to govern
ment service, but Robert C. Moot, 
acting deputy assistant defense 
secretary for logistics service, de
clares that the Pentagon will have 
no program to pirate them. 

The srudy group, which Moot 
heads, is also looking into conver
sion of other military support
mainly housekeeping services for 
military bases-to an in-house ef
fort and is investigating whether 
defense contractors should lease or 
purchase electronic data-processing 
equipment. 

_Moot.said the stucey~group is con
vinced that contractors should be 
buying most of it as a means of 
lowering costs to the government. 
He disagreed with the GAO' s rec-
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ommendation that the government 
itself buy data-processing equip
ment and make it available to the 
defense contractors for a price. 

Converted killer 
What good are obsolete missiles? 
The jet-powered, ground-to-air 
Bomarc A, developed in the late 
1950's, was replaced two years ago; 
now the Air Force has a plan to 

Bomarc A poised for flight. 

use 234 of the leftovers. It will 
shoot them down. 

Sometime this October, a Bo
marc A will be 6red at more than 
twice the speed of sound toward 
a group of fighters equipped with 
air-to-air missiles. The needle
nosed killer, converted into a vic
tim, will be a drone. Missilemen 
will also get a chance to test the 
second generation Bomarc B on 
some of the birds, and others will 
be turned over to the Navy. 

The changeover. Conversion 
from hunter to hunted required a 
change in the bird's electronics. 
One Bomarc A has already been 
shot down at 55,000 feet in a test 

.over the-Gulf of Mexico;-but in case 
an attack missile misses, the Air 
Force wants to know by how much. 
The drone will need a miss-dis
tance system; for redundancy, the 

Air Force is installing two. 
One, a bi-doppler scoring system 

called Bidops, has an accuracy of 
three to 6ve feet. It consists of a 
unit in the drone, a ground re
ceiver and a quick-readout com
puter. The drone transmits two car
rier frequencies and receives two 
from the plane and the air-to-air 
missile, compares their phase and 
transmits the information to the 
ground station, where it is proc
essed into the distance by which 
the attack missile missed. 

The other system, Matts (mul
tiple airborne target tracking sys
tem), consists of transmitters in 
the drone, the attack missile and 
the plane. Two ground stations, 
picking up three signals, can deter
mine by triangulation the miss-dis
tance range to within 50 to 75 feet. 

On target. During its power 
phase, the drone will be tracked 
by an AN/FPS-16 radar. Early 
plans to use the Sage computer 
control system to guide the missile 
were dropped because of the hl.gh 
cost-$1,000 an hour. In its place, 
a computer fashioned out of spare 
parts, costing less than $200, was 
made at Hurlburt Field, Florida. 

To assist radar tracking, the mis
sile is being equipped with a radar 
reflector, a Luneberg lens, and a 
beacon transponder. To protect 
populated areas if the drone should 
get out of control, two destruct 
systems are being installed. Either 
one can be activated through the 
beacon transponder or the regular 
guidance command system. 

Computers 

Model solution 

An engineer designing a direct 
digital control (DDC) system to 
automate a production line gen
erally can't tinker with the line it
self; a chemical company, for ex
ample, simply can't tie up a 

· multimillion-dollar plant for a few 
weeks. 

Lacking a factory, the designer 
has to base his calculations on esti
mates and simulated results. And 
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since a customer is more likely to 
buy a DDC system he can see 
in operation, the computer maker 
may find that the inability to give 
a real demonstration costs him 
money. 

No products. The International 
Business Machines Corp. has come 
up with a Mahomet-and-the-moun
tain solution: it's building a model 
plant. The facility, about twice the 
size of a two-car garage, is nearing 
completion at San Jose, Calif. Al
though it won't produce anything, 
it will serve as a working model of 
a distillation plant; distillation proc
esses are common to most petro
leum and chemical plants. Engi
neers will have an opportunity to 
experiment with some new control 
techniques and tes t some old ones. 

To further assist in designing 
DDC systems, IBM's industrial 
psychologists and human factors 
experts will work with the com
puter engineers to make the system 
easy to operate by the customer's 
production workers. 

In many cases, production proc
esses can be simulated mathematic
ally, but IBM says that it generally 
i n't possible to simulate such prob
lems as process noise and disturb
ances. In addition, DDC systems 
usually run into trouble during the 
early debugging stages . Controls 
mu st be "tuned" for peak efficiency. 
IB 1 hopes the model plant will 
provide enough production know
how so that its engineers can tune 
a distillation process automatically. 

IBM also hopes to learn what 
to do if the computer fails. In 
most cases, customers demand that 
some provision must be made to 
keep the production line operating 
even if the computer breaks down: 
this could involve manual control 
and some semiautomatic system 
that could back up the computer 
until repairs can be made. 

Instrumentation 

Thin magnetometer 
When thin-film specialists at the 
Lockheed Aircraft Corp.'s Micro
systems division began investigat-
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ing magnetic materials about two 
years ago, they discovered a com
bination that could replace the 
bulky core of a flux-gate magnetom
eter with a thin wafer. A laboratory 
model of a microminiaturized in
strument built a couple of months 
ago has proved, to Lockheed's sur
prise, to be more sensitive than a 
conventional magnetometer, and 
responsive to a much wider band 
of frequencies as well. 

Though Lockheed engineers are 
still experimenting with the instru
ment, they have already found it a 
handy device for several applica
tions-from sensing the presence 

DIRECTION OF 
MAGNETIC FIELD 
MEASURED 

Thin-fi lm magnetometer is built on 
wafer-thin substrate and measures 
only about a half-inch square. 

of automobiles and distinguishing 
between different models, to meas
uring the current in a wire without 
breaking into the wire. 

Thin and sensitive. The smallest 
conventional Hux-gate magnetom
eters measure three inches in diam
eter by three inches in length , but 
their sensitivity is only 10 micro
volts per gamma (the unit of mag
netic force). The Lockheed instru
ment, on the other hand, is 
wafer-thin and measures only about 
a half-inch square, yet its sensitiv
ity is two millivolts per gamma. 
And the bandwidth of the thin 
instrument is in the several-mega
cycle range, compared with only 
about five kilocycles for the bulkier 
units. 

Although Lockheed is under
stood to be negotiating with sev
eral manufacturers for the produc
tion of the instrument, the company 
declines to say which applications 
are under discussion or which com
panies are discussing them. 

In general, the principle behind 
the thin-film magnetometer is the 
same as in the conventional instru-

ments. But instead of using a rela
tively bulky magnetic core in the 
center of the unit, the Lockheed 
model contains a thin inert sub
strate on which a layer of Permalloy 
2,000 angstroms thick is deposited. 
To measure an electromagnetic 
field , an a-c voltage is developed 
across an output coil. The fre
quency of that voltage is har
monically related to the frequency 
of the input, or pumping current, 
and the amplitude of the voltage is 
proportional to the flux of the mag
netic field being measured. 

Under the ground. One of the 
early experiments indicated a pos
sible use in traffic control systems 
for the instrument. Lockheed engi
neers buried it in the ground, and 
attached it to nearby readout equip
ment. When different cars passed 
over the instrument, it picked up 
their particular electromagnetic 
signatures. The instrument could 
distinguish a Chevrolet from a 
Volkswagen. Snow or ice on the 
ground would not affect the unit's 
performance, the engineers say. 

A more intriguing possibility for 
the electronics engineer is the use 
of the instrument to detect the 
faulty operation of electronic equip
ment, although Lockheed engineers 
say investigation hasn't progressed 
far enough to determine the fea
sibility of this application. To see 
if a fault existed, the engineer 
would compare the signature of the 
equipment with its standard sig
nature, es tablished earlier. Thus, 
the check could be made without 
plugging into the component. 

Space electronics 

Blame it on the glitch 

Computer experts at International 
Business Machines Corp.'s Space 
Guidance Center at Owego, l.Y., 
worked their midget space com
puter round the clock in an attempt 
to find out why it failed dur
ing Gemini 4's space flight early 
this month. 

"We know this much,'' a puz
zled and tired IBM technician said: 
"something went wrong in the com-
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puter's memory. But memories 
don't just Hop; something must 
cause them to flop. What it was
we don't know." 

After the extensive tests, the 
computer was shipped to Cape 
Kennedy, where it was put back 
into the Gemini spacecraft's iner
tial guidance system for further 
examinations. 

There has been speculation that 
the failure was caused by a "glitch" 
-slang for a power surge which 
could disrupt the memory. 

Piece by piece. For the past week 
and a half, engineers have been 
operating the 59-pound instrument 
in various ways and under various 
conditions; but so far, even when 
the computer was run in a vacuum, 
there has been no indication of 
what went wrong. It has even been 
taken apart and examined, piece by 
piece. 

The teams conducting the tests 
are made up of engineers from 
IBM, the National Aeronautics and 
Space Administration and the Mc
Donnell Aircraft Corp., which is 
prime contractor for the Gemini 
spaceship. 

The memory of the computer is 
a nondestructive readout type, 
built of two-aperture ferrite cores 
called MARS, for multiaperture re
luctance switch. [Electronics, May 
3, p. 71.] In a nondestructive read
out memory, the data remains in
tact in a ferrite tablet with two 
holes of about equal size; the two 
holes provide three legs for flux 
paths. The memory was designed 
to hold 4,096 39-bit words. 

The instrument was to assist the 
astronauts in stabilizing the craft 
during its 62 orbits and it was to 
assist in steering the ship into its 
critical reentry path. 

Consumer electronics 

Computer tutor 
An engineer facing tlie problem 
of keeping up with rapidly chang
ing technology may soon get some 
help from a computer miles away. 

To determine whether complex 
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technical material can be taught 
effectively by computer assisted 
instruction, the International Busi
ness Machines Corp. is giving a 
course in computer logic to 100 
of its engineers in four cities. 

The course uses the IB~f 1050 
data communications terminals 
linked by telephone line to a 1440 
computer in Poughkeepsie, N. Y., 
on which the course is stored. Re
mote computer assisted instruction 
is also in the experimental stage at 
several universities, including the 
University of Michigan, Florida 
State University and Pennsylvania 
State University. 

The IBM teaching system will 
include two visual units something 
like television screens, which "·ill 
be used in only two of the cities. 
They will display graphic material 
in addition to the typewritten in·
formation on the 1050 terminal. 
The computer can command each 
visual unit to display any one of 
256 microfilmed images in one sec
ond. New microfilm cartridges may 
be substituted manuallv. In the 
two other cities, graphic material 
will be printed in books. A com
parison of results will determine 
the efficiency of the automatic vis
ual display. 

New language. Insti•uctors, using 
the same 1050 terminals, can pro
gram the computers with a lan
guage developed by IBM, called 
Coursewriter. Coursewriter enables 
teachers with no computer train
ing to enter instructional material 
into the computer. The instructor 
identifies the text and questions 
and answers that he types on the 
1050 with a code word. 

In a typical lesson, the student 
starts by typing his name and the 
name of the course. The computer 
then automatically begins where 
the student had stopped in the pre
E::eding lesson. The computer pre
sents text material or a reading 
assignment to the student and 
poses questions. The student's 
answer will determine which of 
several instructional paths the com
puter will take. 

Grades. The computer also 
grades each student and reports 
weak points in the lesson to the 
instructor by noting the questions 
most often answered wrong. 

Up to 12 terminals may be con
nected to a 1400 series computer 
for time-sharing operation. Experi
ments have shown that two stu
dents working together on one 
terminal do well as one working 
alone, so that a class of 24 sh1dents 
may be taught by machine at one 
time. 

Management 

Poor man's PERT 
Like project managers everywhere, 
Maxime G. Kaufman, an electronics 
engineer at the aval Research 
Laboratory in \Vashington, had a 
problem: too much to keep track 
of. His workload wasn't heavy 
enough to warrant the use of a 
computer to keep pace with the 
hundreds of activities that made 
up his project-a space surveillance 
job-so he designed what in effect 
is a poor man's PERT. 

PERT, an acronym for perform
ance evaluation review technique, 
and a computer are used to plan, 
evaluate and diagram the progress 
of a complex project, and show 
possible snags in the work sched
ule. First used in the Navy's Po
laris program, it has since become 
a popular management technique. 

In Kaufman's PERT system, 
many different colored lights, each 
representing a various part of the 
over-all project, are wired to what 
looks like a large tote board. By 
following the arrangement of the 
lights, the project manager can 
keep tabs on the progress of each 
of the interrelated jobs. The board 
can be updated by changing the 
wiring on the back of the board. 

Who's doing what? Kaufman's 
area of the lab is the post-detection 
section of the space surveillance 
branch, applications research divi
sion. The section is working on 
four main electronics projects, des
tined for installation a~ nine places. 
Since each project may be involved 
with 24 different activities-such 
as administrative, design, supply, 
shipping and installation - there 
are 864 possible work situations. 

Section-eye view. The board is 
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Up to 72% smaller than MIL·C-25C paper capacitors I 

MIL·C-199788/2 reduces capacitor size drastically
down to .125". diameter by ~,, long. At the same time 
electrical characteristics are upgraded sharply. 

MIL·C-199788/2 hermetically sealed mylar* capacitors 
are available now from TRW with immediate delivery 
in production quantities. 

• REDUCED SIZE-35% to 72% smaller than MIL·C-25C. 

•VOLTAGE CHOICE-30V, 50V, 100V, 200V, 600V, 1000V. 

• CAPACITANCE CHOICE-.001 mfd through 10.0 mfd. 

•TOLERANCE CHOICE-±10%, ±5%, ±2%, ±1%. 

For ful I information contact: TRW Capacitors, 112 W. First St., 
Ogallala, Nebraska. Phone : 308-284-3611 • TWX: 308-526· 7816. 

These capacitors-when designated TRW Type 693-are available to high reliability specifications, and in 
custom capacitances and tolerances beyond the range of MIL-C-199788/2. ·ouPont reglsteredtrademark 

TRW CAPACITORS 
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basically an NRL organization 
chart as viewed from Kaufman's 
section. Most of it is taken up by 
squares indicating the 24 activities 
and lines indicating work How. Un
der each square are four colored 
lights, each color indicating a proj
ect. The color key is given in the 
upper right corner of the board. 

The nine sites are listed along 
the bottom of the board. When a 
selector switch is turned to the 
appropriate site number, the site is 
identified by a pilot light. At the 
same time, the whereabouts of 
each project is identified as a col
ored bulb lights up under the ap
propriate activity square. The next 
turn of the selector switch shows 
the status of the equipment des
tined for yet another site. 

To keep the board up to date, 
the group leader for each project 
changes the wiring on the back of 
the board. The board is hinged for 
access to the wiring and fitted with 
numbered terminals and colored 
wiring so changes can be made 
quickly. The board has a clear plas
tic overlay, on which notes can be 
written in grease pencil-for exam
ple, the delays expected at each ac
tivity could be jotted down and 
added up to determine the se
quence of activities taking the long
est time. 

Better boards. Kaufman says the 
same general approach was first 
tried with colored pins, rather than 
lights , but too many pins had to 
be used. The resulting diagram 
was too confusing and the pins 
were difficult to see at some view
ing angles. 

Kaufman plans to improve the 
lighted boards. He would like to 
see the light patterns changed with 
a patchboard, rather than with the 
wiring behind the board. And he 
thinks that if all sections in a lab 
branch were equipped with boards , 
the head of the branch could be 
supplied with a master board. 

Manufacturing 

Back to backplanes 
When electronic equipment re
quires the interconnection o! large 

numbers of microcircuits, most 
manufacturers save space and 
money by using mass-produced 
multi-layer printed circuit boards. 
But at least one developer is going 
back to backplanes with discrete 
point-to-point wiring for systems 
that require frequent and extensive 
design changes on one-of-a-kind as
semblies-such as in space vehi
cles, where bulk is a major prob
lem. 

The Jet Propulsion Laboratory of 
the California Institute of Tech
nology is developing backplanes 
that are microminiaturized versions 
of the ones frequently seen in com
puters and other large systems. 
JPL's backplanes will be made 
with welded 34-gauge magnet wire, 
with conductors only 0.0063-inch 
thick and with 0.001-inch thick in
sulation. 

Full circle. Conventional back
planes consist of an array of termi
nal pins, which are joined by in-

Backplane, wired with single 
strand of magnet wire, has 
400 discrete interconnections, 
measures one square inch. 

sulated wires whose stripped ends 
are tightly wrapped, soldered or 
welded to the pins. When fully 
wired, a backplane looks like a field 
of organized spaghetti. It is usually 
an inch or more thick and may be 
several feet square. 

The new magnet wire planes, 
which were shown this month at 
the National Electronic Packaging 
and Production Conference in 
Long Beach, Calif., provide the 
high density of wiring that micro
circuih·y requires and much the 
same design flexibility as conven
tional backplanes. The planes are 
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very thin because the wires are 
welded to terminals that are almost 
flush with the board. 

Leonard Katzin of JPL devel
oped the de.sign; he points out that 
one of the major attractions of 
magnet wire is its high reliability. 
Magnet wire has been used for 
many years in electronic compo
nents. To illustrate design flexi
bility, he showed a one-inch square 
plane with 400 terminals with 
0.050-inch center-to-center spacing, 
which is the lead spacing on inte
grated circuit flatpacks. The photo 
on page 36 shows a backplane 
wired in a test pattern made from 
a single, randomly routed strand of 
magnet wire. The wire is insulated 
with Formvar and can be welded 
without stripping off the insulation. 
The heat and pressure of the weld 
operation removes the insulation at 
each welded joint. 

The wire-routing and welding 
process can be done mechanically, 
Katzin said, by guiding a panto
graph over a large pattern or by 
using tape-controlled wire feeders 
and welders. 

Stick modules. The welded 
planes are to be used in a new 
version of a standardized module 
design that JPL has developed. The 
wiring goes on the back of a 
molded plastic board with terminal 
pins connecting front and back 
surfaces. The leads of up to 15 
flatpacks are welded to the pins on 
the front of the board. In the origi
nal module design, 32-gauge mag
net wire, insulated with polyure
thane, is routed from pin-to-pin on 
the back of the board. The wire is 
soldered with a hand iron, which 
also strips off the insulation at each 
joint. 

Communications 

Sour note 
The international harmony that 
greeted the successful launching of 
Early Bird has degenerated into 
squawks over charges for its use. 
This month, the Communications 
Satellite Corp., Early Bird's keeper, 
was faced with the possibility that 
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' IN X-Y PLOTTERS 

IT'S THE 

ink 
THAT COUNTS 

Every plotter needs a pen. It's 
fundamental. And it had better 
be good. 

In our new all·transistor PLOTA
MATIC* Series X-Y Plotters, the 
most advanced ink systems assure 
smooth performance, with accur
acies to 0.153 and repeatability 
to 0.13. For a real breakthrough, 
check our exclusive new symbol 
printer, a self-contained unit 
eliminating the umbilica I cord, 
and troublesome ribbons . It 
features a long-lasting replace
able ink cartridge, easier align-

ment, and complete interchange
ability with standard pens on any 
PLOTAMATIC Plotter-just snap 
it on, no modification needed. 

If you don't have a good ink sys
tem, you don't have a good plotter. 
That's why we pay particular 
attention to this detail. 

Look into PLOTAMATIC SeriesX-Y 
Plotters ... 8~" x 11" and 11" x 17" 
models, to 16 d-c input ranges, 
continuously variable time sweeps, 
greater recording periods, new 
vacuum paper hold·down. Write 
or call for immediate information. 

DATA EQUIPMENT COMPANY 
DIVISION OF BBN CORPORATION (DELAWARE) 

2126 South Lyon Street, Santa Ana, California 92705 
. Tel: (714) 546-5300 TWX: 714 546·0437 

•T.M, DATA EQUIPMENT CO, 
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If you think you 
can find a better 

low-cost controller 
for any common 

variable ... 

You're right... "i 
here's the Compack! 

AC, DC, or temperature-as 
Jong as there's a current or · 
voltage signal, APl's new Com
pack will both indicate and 
control it. 

Simple, convenient and reli
able, the Compack is designed 
for both OEM and in-plant 
applications in all types of in
dustries. And its price is as small 
as its size. 

These additional features are 
important too: 
• Continuously indicates signal. 

• Inherently fail-safe and unaffected 
by ambient light. 

• Taut-band meter movement sup
plied where suitable- more sen
sitive, precise, repeatable and 
rugged. 

• Panel cutout less than 3" diameter 
-measures only 51;.,• behind 
panel. 

• Electrical co ld junction compen-
sation for pyrometers. 

• Set points anywhere on scale. 

• Single or double set point models. 

• 3 sizes of black phenolic meter 
cases-31,4 ", 4112", 5". 

A sk for Specs and Prices in Bulletin 44 

api 
INSTRUMENTS CO. 

FOl'fMlly AuM'tbly l'rod11Ct1. Inc. 

CHESTERLANO. OHIO • PHONE: 218·4 23·3131 
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early enthusiasm over the satellite 
might be cooled by the cost. 

Initially, Comsat was swamped 
with requests for Early Bird chan
nels. During the test period in June, 
the United States made only a 
nominal $365-per-hour ground serv
ice charge on tv use of Early Bird. 
But its overseas partners levied a 
ground station charge of $ll0 a 
minute for receiving programs, 
then changed the rate to a fixed 
fee of $1,000 plus $30 per minute. 

Reversal sought. Washington 
speculation is that the FCC will 
give at least temporary approval to 
Comsat's rate application, and will 
permit only Comsat to lease tv 
channels until a decision is made 
on what services carriers will be al
lowed to offer. Comsat itself has 
delayed until late fall a decision on 
how private users will apply the 
channels they lease. In the mean
time, it will hold an inquiry. 

A 'misunderstanding.' The Brit
ish aggravated the issue when they 
slapped on a charge of $6,720 per 
hour for use of the Goonhilly 
Downs ground station. When the 
tv networks retaliated with a boy
cott, the British backed down and 
reduced the charge to $2,800 per 
hour. It was all a "misunderstand
ing," they said. What their even
tual commercial rate will be is still 
not known. 

Comsat itself recently filed its 
proposed rates with the Federal 
Communications Commission. For 
one-way transmission in nonpeak 
hours (5 a.m. to 8 a.m. and 2 p.m. 
to 9 p.m., New York time), it wants 
$2,400 for the first half-hour and 
$475 for each immediately succeed
ing 15 minutes. Broadcasters im
mediately called those rates too 
high. They fear that European rates 
will be even higher. 

The FCC faces opposition on its 
ruling that Comsat will have tem
porary control of the first three 
U.S. ground stations. The Ameri
can Telephone & Telegraph Co. 
and the International Telephone 
and Telegraph Corp. have asked 
the FCC to reverse itself. ITT called 
the award monopolistic, and AT&T 
contended that giving the stations 
to Comsat was not in the public 
interest. 

Budget 

A slap and a cut 
Still intent on showing the Penta
gon who's boss, the House Appro
priations Committee has shaved 
$100 million in electronics funds 
from the fiscal 1966 budget and 
suggested that Defense Secretary 
Robert S. McNamara won't miss it 
if he improves his management and 
procurement policies. 

The committee authorized a 
budget of $45 billion, $2.5 billion 
below the figure for fiscal 1965, 
which included an extra $700 mil
lion for the war in Vietnam. The 
panel acknowledged that it might 
eventually have to raise the new 
budget also. 

If the reductions stand, they will 
affect such research and develop
ment projects as the Navy's Inte
grated Light Attack Avionics Sys
tem (ILAAS), the Air Force's Short 
Range Attack Missile (SRAM) and 
the Navy's Advanced Surface-to
Air Missile (ASM). They will also 
apply to procurement of electronics 
equipment already in production, 
principally items not components 
of aircraft, missiles or ships. 

Unwanted bonus. The commit
tee's reductions in these and other 
programs recommended by McNa
mara were partially offset, however, 
by funding for new and additional 
weaponry the defense chief did not 
seek. The committee recommended 
an extra $7 million to speed devel
opment of a new manned bomber, 
an extra $134 million to procure six 
instead of four nuclear attack sub
marines, and $20 million for pro
curement of long-lead-time items 
for a nuclear-powered guided mis
sile frigate. (Not all of the addi
tional funds, or the deletions de
tailed below, are for electronics.) 

The net reduction in McNa
mara's budget request is thus only 
$60 million. Congress probably will 
stick closely to what the committee 
recommends. 

The committee cut $27 million 
from the $927 million sought for 
procurement of new electronics and 
communications systems not asso
ciated with specific aircraft, mis-
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siles or ships. It said that though 
the Pentagon has made some prog
ress in improving management and 
procurement practices, its own in
ves tigations and those of the Gen
eral Accounting Office still show 
room for major improvement. It 
urged more competitive procure
ment and suggested combining 
similar equipment needs of indi
vidual services into a single pro
curement package. 

High cost of talk. The committee 
chopped $12 million from the $407 
million sought for operation and 
maintenance of communications 
equipment. The effect of this is to 
hold Army and Navy reques ts to 
the level of the present fi scal year. 

Two major aircraft programs suf
fered cuts. The committee dropped 
$18 million from procurement funds 
for the F-111 fighter-bomber, and 
$26 million from funds for avionics 
and spare parts for the F-4 fighter. 
The aim: to encourage more com
petitive procurement. 

The committee deleted $4 million 
from the ILAAS program because 
it feels the program has not been 
coordinated with the integrated 
helicopter avionics system (IHAS) 
development and the Mark II avi
onics sys tem being developed for 
the Air Force version of the F -111. 

The reduction for the Navy's 
ASM amounts to $10 million. This 
missile is considered a long-range 
replacement for the existing Ty
phon missile, which has been 
plagued with technical problems. 

Go, but slow. The committee said 
it cut the SRAM missile request by 
$31 million because the program 
has been delayed and its objectives 
are being revised. The delay means 
that the project-definition phase 
cannot be completed in the coming 
fi scal year, and that not as much 
money will be required. 

Results wanted. The committee 
also criticized McNamara for not 
putting enough new weapons sys
tems into the hands of troops. Con
sidering the billions spent on re
search and development in recent 
years , new systems have not been 
added to the inventory "in sufficient 
quantity or sufficient quality to jus
tify the massive effort being 
funded," it said. 
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how to convert 
resolver and synchro angles 

to digits 
(and vice versa) 

North Atlantic now .brings you a new family of solid-state analog-to-digital and 
digital-to-analog converters for resolver and synchro data. They offer a major advance 
in conversion accuracy in modern navigation, simulation, data processing and meas
urement systems. 

Typical of these new instruments is the Model APl-5450 shown here. It provides 
both continuous and command conversion of both resolver and synchro angles, 
accommodates all line-to-line voltages from 11.8 to 90 volts at 400 cps. Output data 
is in decimal digits and is presented both as a Nixie-tube display and a five-digit 
printer output with supplementary print command. Accuracy is 0.01° and update 
time is less than 1 second. 

All instruments in this family are designed to MIL-T-21200 and feature all solid
state circuitry and precision transformers-there are no motors, gears, or relays. 
Their flexible plug-in modular circuit design permits a wide range of variations to 
suit your specific requirements. For example: 

• 18 bit or 1 O second accuracy 
and resolution 

•binary, BCD, or decimal 
inputs/outputs 

• multiplexed channels 
•multi-speed inputs/outputs 
• high conversion speeds 
• other signal frequencies 

Your North Atlantic representative has complete application information. He'll be 
glad to help you solve interface problems in measurement and data 
conversion. Simply call or write. 

NOR.TH ATLANTIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, L I., NEW YORK • OVerbrook 1-8600 

Circle 39 on reader service card 39 



Tl Series 54 TTL SetlJ 
in Saturated OigitaJ 

TYPICAL CHARACTERISTICS 
Parameter 

Propagation delay 
Power dissipation 
Fan-out 
D-c noise margin 
Supply voltage 
Temperature range 

Basic Gate 
15 nsec 

10 mw/gate 
10 
1 v 

4.5 to 5.5 v 
-55 to +125•c 

Figure 1. Typical characteristics of Series 54 TTL integrated circuits 

SN5400 SN5410 SN5420 

SN5440 SN5450 SN5460 

Figure 2. Logic diagrams for Series 54 TTL integrated circuits 

CLOCK SN5470 
Q 

SN5470 Q SN5470 

Flip-flop 
40 nsec 
60 mw 

10 
1 v 

4.5 to 5.5 v 
-55 to +125·c 

SN5430 

SN5470 

SN5470 

Figure 3. This complete synchronous binary decade counter uses only four SN5470 flip-flops 

*Patented by TI 

(0 

Industry's major sourc• 
for integrated circuits7t. 
97 catalog circuits in ter 
families - offers you higt 
speed with low power dis 
sipation, high noise margir. 
with high fan-out 

Series 54 optimized circuit design give 
you an ideal trade-off betw en spee< 
( 15 nsec) and power dissipation (1 Omw) 
High noise margin (typically 1 v) i 
maintained with full fan-out of 10 fo 
each gate. Fan-out of 30 is availabl< 
from the power gate. 

This unique combination of para 
meters promises to standardize integrat 
ed-circuit usage in applications callini 
for high-performance saturated logic. 

Multi-function circuits for low system 
cost and improved reliability 

ln the eight Series 54 networks showr 
in Fig. 2, Tl's multi-function approacl 
to semiconductor-network design anc 
fabrication is used extensively. Up tc 
four circuit functions are built in ~ 

single bar of silicon, making possibl~ 
savings in system cost, weight, and size 
while increasing system reliability. 

The SN5400, for example, incorpo
rates four 2-input NAND gates in i: 

single package. The SN5450 include~ 
two EXCLUSIVE-OR gates, the equiv
alent in complexity of six NAND gates. 
The SN5470 is a clocked J-K flip-flop 
with two additional inverters in the same 
structure available for input gating. The 
synchronous binary decade counter 
shown in Fig. 3 requires only four 
SN5470 flip-flops; no auxiliary gates are 
required. 

TTL at its best 

Transistor-Transistor Logic (TTL) ful
ly exploits the inherent capabilities of 
integrated semiconductor structures, and 
the TI NAND gate circuit shown in 
Fig. 4 is TTL at its best. 
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ti New Industry Standard 
fntegrated Circuits 

The multiple-emitter transistor input 
•rovides a faster turn-off time than 
•ther logic forms, thereby minimizing 
1ropagation delay. Because of unique 
ircuit characteristics and exacting pro
·ess control, propagation delays are 
lmost independent of temperature and 

::>ading (see Fig. 5). 

The output stage of the circuit pro
·ides low line-termination impedance 
n both logical "O" ( 12 ohms) and logi
:al "1" ( 100 ohms) states. This con
ributes to low propagation delays and 
>reserves undistorted waveforms even 
vhen driving large-capacitance loads. 
rhe low line-termination impedance 
tlso accounts for low susceptibility to 
:apacitively coupled noise. 

Typical noise margin for Series 54 
ntegrated circuits is one volt. Guaran
eed worst-case noise margin is 400 
nillivolts for both logical "l" and logi
:al "O" conditions, as shown in Fig. 6. 
fhis wide margin for ground- and sig
rnl-line noise is made possible by the 
;trong overdrive to the output tran
;istor and by the large VBE drops in-
1erent in the small transistor geometry. 

Series 54 uses reliable "flat-packs" 

Tl's standard Y4" by Ys" flat package 
is used for all Series 54 networks. 
This package - proved by more than 
35 ,000,000 hours of controlled tests 
and four years of field use - features 
~II-welded construction with hermetic 
glass-to-metal seals. The thin, rectangu
iar configuration and 14 lateral leads 
make this package suitable either for 
high-density equipment or for mounted 
::ircuit-card assemblies. 

For your added convenience, all TI 
integrated circuits - including Series 
54-are now shipped at no extra charge 
in Tl's exclusive Mech-Pak carrier. 
This plastic carrier simplifies handling, 
and reduces your costs of incoming in
spection, testing, breadboarding, stor
age, and assembly. 

Circle 149 on the Reader Service Card 
for data sheets on Series 54 integrated 
circuits, or contact your local TI Sales 
Engineer. 
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Figure 4. Circuit diagram for basic Series 54 
NANDgate 

LOGICAL "I" NOISE MARGIN 

2.4v min output (worst case) 
2.0v input test 
0.4v worst case noise margin 

TEMPERATURE 

Figure 5. Typical propagation delay 
vs temperature 

LOGICAL "O" NOISE MARGIN 

0.8v input test 
0.4v max output (worst case) 
0.4v worst case noise margin 

OUTPUT INPUT --- OUTPUT INPUT ---
1 ---------r-

2.4v min 
(worst case) 

I 

0 .4~ m:-------,--
2.0v 

test condition 
I 

( I ) 0.8v 
wors case lest condition 

- ...... ~,I I 

Figure 6. Noise immunity is guaranteed at 400 mv, worst-case, in both logical states 

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

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND• NICE, FRANCE• DALLAS, TEXAS 20958 
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TEST YOUR KNOWLEDGE 
OF THE 

STATE OF THE ART 
IN 

DIFFUSED-ALLOYED AND EPITAXIAL 
CONTROLLED RECTIFIERS 

QUESTION 2: The method pro
duces devices having fast turn-off and 
high dl/dt capability at 1000 volts PRY 
and above. 

A- all diffused 
B - diffused-alloyed 
C - epitaxial 

dl /dt TEST WAVE FORM 

Internationa l Rectifier epitaxial units 
are availa bl e from 600 to 1300 volts 
PRV in current ra tings from 35 to 150 
average amperes. Recommended for 
high speed switching applications. 

QUESTION 6: Controlled rectifiers made 
by the process con
sistently exhibit increasing reverse ava
lanche and forward breakover voltage as 
junction tempera tu re is increased to 
maximum rated value. 

A - epitaxial IF 

B - diffused-alloyed I 
C - all diffused 

.............. ············ ... VR VF 

BLOCKING 

IR ;~~~;~~~;;~~~URES 
International Rectifier epitaxial con
trolled rectifiers provide highest tem
perature capabi li ty ... 150°C maximum 
for 35 and 70 average ampere devices. 
High temperature operation makes pos
sible substantial reduction in size of 
equipment in many applications. 

QUESTION 4: Device~havingrateddV/dt 
of 1000 volts per microsecond are read
ily obtained from the process. 

A- epitaxial 
B- diffused-alloyed 
C - all diffused 

FORWARD dV/dt 

e~~~:~~ ,' , 
1.000 - · - · - ·-·--,~ -· ..... --------

' 
.632 

fo l'--- -i---------
:T = RC: REPRESENTATION OF EXPONENTIAL 
;-i FORWARD VOLTAGE WAVE 

International Rectifier epitaxial con
trolled rectifiers are available with 
dV /dt greater than 200 V /µ. sec. in 35, 
70, 100, 150 average ampere types; 1000 
VIµ. sec. in 35, 70 average ampere types 
also. Ideal for d.c. motor drives, 50 H.P. 
and up. 

International Rectifier's broad line of standard devices 
meets the vast majority of applications and inventories 
are maintained for fast off-the-shelf service. For special 
requirements you have at your disposal IR's outstanding 

research and application capabilities. • For further infor
mation and application assistance, contact your local 
International Rectifier sales office or write to 233 Kansas 
Street, El Segundo, California. 

WORLD'S LARGEST RECTIFIER SPECIALISTS 

:I:C#R® INTERNATIONAL RECTIFIER 
INTERNATIONAL RECTIFIER CORP., El SEGUNDO, CALIF., PHONE OR B-62 81 •CABLE RECTUSA •REGIONAL OFFICES IN NEW YORK CITY, CH 4 -0748 • FORT LEE, N . J .. 

·w1 7 -3311 •SYRACUSE, N. Y. HE 7-8495 •CAMBRIDGE, MASS .. UN 4 ·6520 •ARDMORE, PA .• Ml 9-3667. GR 3-3932 •SILVER SPRING, MD .. JU 9-3305 •MIAMI, FLA., 445-52D~ 
•CHICAGO, ILL., OR 6-4D9D •CLEVELAND, OHIO, 734-41 DD •DAYTON, OHIO, 223-7691 •HUNTINGTON WOODS, MICH .. LI 8 -11 44 •ST. LOUIS, MO .. TE 8-6333 • MINNEAPOLIS, 
MINN., 920-1200 •RICHARDSON, TEX ., AD 1-2504 •LOS ANGELES, CALIF., 678-2181 •IN CANADA: TORONTO, ONT., 421'5970 •MONTREAL, QUE ., 861-D562 

EUROPEAN GENERAL SALES OFFICE: 3B AVENUE DES ARTS, BRUSSELS 4, BELGIUM •TELEPHONE; U1774 

'0 pue 8 'V·L !V-9 !O pue V·S !V·tr !9-£ !O-i !O pue 8 'V·I :sJaMSUV 
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Pentagon weighs 
.. TVA's" for research 

Agencies test 
Transit satellite 

Navy to test 

island Spadats 

Washington Newsletter 
June 28, 1965 

Wholly owned government corporations are being discussed in the 
Defense Department as a tool to manage the department's in-house 
research. The corporations would handle in-house laboratory research 
and contract support and many of the management and policy-guidance 
jobs currently performed by nonprofit corporations like the Institute for 
Defense Analysis, the Aerospace Corp. and the Mitre Corp. 

The discussions are still in the preliminary stage; Defense Secretary 
Robert S. McNamara, while willing to listen, has not yet authorized 
full-scale feasibility studies. 

The corporations, modeled after the Tennessee Valley Authority or 
the St. Lawrence Seaway Corp., would give the Pentagon flexibility in 
personnel policies, so that it could pay above government scales and 
attract scientists to government; at the same time, decision-making and 
guidance responsibilities would remain in the hands of the government. 
A major criticism of nonprofit corporations has been that they take deci
sion-making out of government hands. 

Opposition, perhaps sufficient to scuttle the idea unless McNamara 
really goes to bat for it, can be expected from the services because of the 
fragmentation of control the corporation concept contains, as well as 
from the nonprofit corporations themselves and their partisans in Con
gress. 

The Navy's Transit satellite navigation system is being tested aboard a 
National Science Foundation ship and a Coast Geodetic Survey vessel to 
determine what value it. may have for commercial nonmilitary govern
mental use. A panel of representatives from the National Space and 
Aeronautics Administration, the Commerce, Treasury, Defense and 
Interior Departments, and the Federal Aviation Agency will get the 
results and issue a report by December. 

The system would provide navigational data and traffic control for 
commercial shipping, oceanographic and Coast Guard vessels, and air
craft. Results of Navy tests scheduled to begin within a month will go to 
the committee also. The Navy will investigate aircraft applications. It still 
has not completed evaluation of the shipboard equipment for use with 
the three or more satellites in the Transit system. 

Two Navy Research Laboratory stations to test methods suitabl~ for 
island installations of the Space Detection and Tracking System (Spadats) 
will be opened in south Texas late this summer or in early fall. The United 
States currently has no special system for island-based detection; the 
coming tests suggest that the Pentagon may he planning to put stations 
closer to the equator, where they can track and monitor more foreign 
satellites. 

The test stations, which will work on detection and ranging methods, 
will be at Roma and Raymondville. 

The Navy is spending $10 million on modifications for its part of the 
Spadats system. It is converting 108-megacycle equipment to 216 Mc, 
for better low-altitude coverage and high-altitude detection, and building 
receiving stations at Lewisville, Ark., and Hawkinsville, Ga. 
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House defies LBJ 

on one arms bill ..• 

••. as panel exceeds 

request on another 

Six studies set 

for DCA satellites 

Electronics gear 

for Navy criticized 

44 

Washington Newsletter 

The $1.9-billion military construction bill has become a focal point for 
a constitutional dispute between Congress and President Johnson. The 
bill authorizes new construction to support a wide range of military 
systems heavily dependent upon electronics-including $24 million worth 
of facilities for the Nike X antimissile system, $35 million for continental 
air defense, $3.5 million for missile test ranges and $62 million for com
munications, navigational aids and detection systems. 

The threat of a presidential veto hangs over the bill because the House 
included a provision that would give Congress authority to review and 
reject any plan by the Pentagon to close a military base. The President 
has already vetoed two bills with such provisions, to defend against con
gressional encroachment on his powers. 

In another jurisdictional dispute, Chairman L. Mendel Rivers (D., S. C.) 
of the House Armed Services Committee and many of his colleagues are 
trying to reassert congressional control over the military. Rivers has suc
ceeded in pushing through Congress a procurement authorization bill 
that would provide more weaponry than Secretary of Defense McNamara 
thinks is justified. Rivers has won committee approval for a military pay 
increase far greater than McNamara sought. And he has forced the 
defense chief to ask congressional approval for details of the merger of 
the Army Reserve into the National Guard. 

Six companies have received contracts from the Defense Communications 
Agency to conduct parallel studies, over three to four months, on an 
advanced defense communications satellite system. 

The agency called for industry proposals from 20 companies last 
December. Each of the six companies that responded-the Communica
tions Satellite Corp., General Electric Co., Hughes Aircraft Co., Philco 
Corp., Radio Corp. of America and TRW Space Technology Laboratories · 
-was awarded a contract ranging from $135,000 to $196,000. 

The advanced satellite communications system is to replace an interim 
satellite system the military plans to install next spring. In that program, 
eight satellites will be launched simultaneously atop a Titan 3C into 
near-synchronous orbits. 

An article in a semiofficial Naval publication severely criticizes electronics 
equipment as being too complex, unreliable and difficult to maintain. The 
article, by Cmdr. Robert H. Smith of the Operational Test and Evalua
tion Force, Atlantic Fleet, appears in the June issue of Naval Institute 
Proceedings, a journal that disclaims official standing but that has been 
used for years by Navy officers to air their views. 

Smith writes: "Reliability and maintainability of many of the most vital 
systems are unsatisfactory, a high percentage are overly complex and 
far more sophisticated than necessary to ful£11 their mission, new systems 
are often demanding skills for which no trained personnel exist, and most 
new systems are inadequately supported." 

Smith accuses top Navy officials of placing too much faith in technical 
advances, and industry of "the tendency to promise more than it can 
successfully deliver." 
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Did you ever wish someone 
would combine the 

best cleaning features 
of fluorocarbon solvents 
and water detergents? 

Someone did! 
It's called FREON® T-WD 602. 

FREON T-WD 602 solvent* is a clear, 
stable dispersion of water in FREO N" 
TF that combines the cleaning power 
of water detergents with the unique 
properties of FREON fluorocarbon sol
vents. It cleans organic and inorganic 
soils at the same time ... and cleans 
better than water detergents alone. 
Here's why: 

Lower surface tension - Water has a 
surface tension of 72 dynes per centi
meter. With a detergent, this drops to 
approximately 30. But FREON T-WD 
602 has a surface tension of only 19.5 
dynes! It easily penetrates even the 
most microscopic pores and crevices 
to dissolve and wash away contami
nants that water and detergents can 
never reach ... and its high density 
floats particulate matter away. 
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Quick drying-A system using FREON 
T-WD 602 speeds up production. 
Parts come out clean, dry and ready 
to handle. No extra drying procedures 
are needed. 
Leaves no residue -Parts cleaned in 
FREON T-WD 602 followed by a 
FREON TF vapor rinse dry without 
leaving any residue. 
Can be re-used -You can renew the 
FREON T-WD 602 bath just by letting 
it settle, skimming off soils and re
placing with an equal volume of water. 

FREON T-WD 602 is ideal for clean
ing complex assemblies where a com-

BETTER THINGS FOR BETTER LIVING 
, .. THROUGH CHEM IS TRY 

bination of organic and inorganic 
soils exists. It is one of a group of 
"tailored" solvents for special clean
ing problems based on FREON TF. For 
more information, mail the coupon. 
,.Proce!:!: and composition patents appt:Pd for. 

r----------------, 
Du Pon t Co., Room 2776A 
Wilmington, Delaware 19898 

Pl ease send complete information on 
0 FREON T-WD 602; 0 the other FREON 
" ta ilored" solvents. I am interested in 
c lean ing _________ _ 

Name _______ Title __ _ 

Company _________ _ 

Address __________ _ 

City _____ State __ Zip __ 
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Design Your Product To Sell! 
• • • with Mallory high energy batteries 

Miniaturization 
Battery size is often the most critical fac
tor in establishing size of a self-powered 
product. 
Mallory Mercury Batteries are small! In 
fact, Mallory makes the smallest com
mercially available battery . . . the 
Mallory RM-312. This battery is only 
0.310 " by 0.135 " high, yet has 36 MAH 
capacity. An even smaller cell is now in 
advanced development. 
Mallory mercury cells deliver the same 

amount of energy as a conventional battery in ;!.i to 74 the space ... or 
3 to 4 times the energy per unit volume of conventional batteries. 
When you need a small battery for high drain applications, a Mallory 
Alkaline Manganese Battery is your best choice. It delivers 2 to 3 times 
the energy of conventional batteries, and has unusual staying power 
under heavy load conditions. 

Longer shelf life for better convenience 
Many battery-powered products remain idle for weeks or months, yet 
they're expected to spring into life on demand. Mallory batteries-both 
mercury and alkaline manganese-assure better product performance in 
intermittent service because they have far longer shelf life. 
Shelf life of Mallory Mercury Batteries is exceptionally long. Even 
after 10 years at 68°F they have 
useful capacity left. Capacity loss 
is an amazingly low 5 3 per year. 
Ordinary zinc-carbon batteries die 
on the shelf in 12 to 18 months. 

. >-80 

Sso Mallory Alkaline Manganese Bat
teries give superior shelf life, too. 
They can be stored for two years or 
longer without serious power loss. 
After three years storage at 70°F, 
capacity of an alkaline battery is 
still 80% its original value. 

Precision performance 

.. 
~40 
u 
o'!20 

0-~, -=-2 -=-3 -4'.'-c5~s"--'r~e~9~10~11'----'.12 
YEARS STORAGE AT 70°F 

Many "precision" self-powered products, such as meters, electronic 
watches, heart pacers, and telemetry systems require a battery with 
accurate, stable output voltage. Mallory Mercury Batteries offer the best 
stability commercially available. 

Mallory Mercury Batteries are available in two standard chemical systems: 
with pure mercuric oxide depolarizer and with a small percentage of 
manganese dioxide in the depolarizer. 
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The pure mercuric oxide batteries ... 
identified by an "R" suffix ... have a 
no-load voltage of 1.350 ± 0.007 volts. 
These are recommended where maxi
mum voltage precision is needed. Fur
thermore, the no-load voltage of 
Mallory Mercury Batteries is ex
tremely consistent on every production 
lot. The chart shows cell voltages taken 
from samples produced during a 5 
year period. 
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Leading Battery Powered Products 
Use Mallory Batteries 

lnstamatic® cameras by Eastman Kodak 
have built-in pop-up flash as one of their 
many convenience features . Mallory Alka
line Manganese Batteries supplied in 
Instamatic kits provide high dependability 
and long life, help assure correct flash 
synchronization and good pictures. 

Motorola FM "Handie-Talkie" Radio, 
a two-way portable radio used by rail
roads, forest rangers, public safety officials 
and businessmen weighs only 35 ounces, 
measures only 8" by 3 .Ys" by 1% ". A tiny 
Mallory battery, 2% " x 2% " x l )i ", pow
ers this radio during 59 hours of transmit
ting, receiving and standby time . 

Mallory batteries cost more but they're 
worth more because they add unique sales 
appeal to your product . . . better per
formance, smaller size, long service life 
between battery changes, better stability. 
For a consultation, write or call Mallory 
Battery Company, a division of P. R. 
Mallory & Co. Inc., Tarrytown, New York. 

MALLORY 
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ROUGH \NITH A REASON 

Unique GVB finish cuts cor e winding costs 
GVB encased cores mean fewer production dela ys 
because GVB does much more than seal the core box 
against potting material. Its matte finish provides a 
resilient, non-slip base for winding, and the tough epoxy 
skin prevents the wire from cutting through to the core 
box. Guaranteed not to fail, even when wound with 
heavy #6 wire, GVB surface also eliminates abraded 
wire problems. No prior taping of the core is required, 
so another winding operation is wiped out. 

l\Iagnetics doubles the normal guarantee on core box 
finishes by expressing it in this unique way: The guar
anteed voltage breakdown (GVB) finish seals the box 

and is capable of withstanding at least 1,000 volts at 60 
cycles belwt'en a bare winding and the aluminum case. 
Quality control monitors the application and curing 
of GVB to assure dimensional and voltage breakdown 
fide! i ty. Performance characteristics are maintained 
between -65 and 200 degrees C. 

To reduce production costs on your winding opera· 
tions, try Magnetics' tape wound cores with G VB. 
Eight material types, in a wide range of sizes from 
0.375" to 4.0" inside diameter, are stocked for immedi· 
ate delivery. More information? \Vrite Magnetics Inc., 
Dep t. EL-27, Bu tier, Pa. 

mRSRETICS Int:. 
® 
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DON'T try 
all these tests 
on any other 
resistor! 

11-watt unit 
enlarged 21;2 times 

SOAK IT IN SOLVENT! Soak a Series 99 resistor in any 
organic solvent used in degreasing and flux removal. Then try 
to rub off the markings. You can't; they're part of the coating . 

ABRADE ITt Use a glass fiber eraser, for example, on the 
markings. Rub them hard. Nothing happens. The markings 
don't come off, because they are vitreous ceramic, fired into 
the molded vitreous coating. 
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OHMITE Series 99 
Insulated, Axial Lead Wire-Wound Resistors 

• 
11 molded " in vitreous enamel 
... a new development in protective coatings. 

• Proved by over 24,500,000 unit-hours 
of load-life testing as of Oct. 1, 1964. 

• Meet MIL-R-26C requirements. 

• 11/2, 21/4, 31/4, 5, 61/2, 9, 11-watt sizes. 

• Get the whole story on this important 
developm_ent. Write for Bulletin 103. 

/ 

TORCH IT! Withstands temperatures of 1500°F without a sign 
of deformation. No other vitreous-enameled resistor will stand 
1500°F without burning, softening, or dripping away. There's 
absolutely no effect on markings either. 

BEND THE LEAD at the resistor body! There's no damage. 
Conventional (dipped) vitreous-enameled resistors have a 
meniscus at this point which ruptures, damaging the coating. 
Series 99 (molded) have no meniscus. 

CLIP IT! Insert a molded Series 99 resistor into a metal clip. 
Don't baby it. The hard coating which prov ides 1000 VAC 
insulation won't cut, chip, or scratch. On a metal chassis, heat
sink action may increase wattage rating as much as 100%. 

OH MITE 
MANUFACTURING COMPANY 

3610 Howard Street. Skokie, llllnols 60076 
Phone (312) ORchard 5-2600 

RHEOSTATS • POWER RESISTORS • PRECISION RESISTORS • VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS • TAP SWITCHES • RELAYS • R. F. CHOKES • SEMICONDUCTOR DIODES 
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PRESSURE MEASUREMENT 
REPORT CEC ~}})11111 
REPORT NUMBER 2 

CEC's Universal Electromanometer 
combines high accuracy, stability 
and versatility with low cost 

Due to its numerous advantages, both 
from the standpoints of performance and 
price, the CEC Universal Electroma
nometer System has become the standard 
answer wherever precise measurement of 
pressure is required. In aerospace, this 
system is commonly requested for space 
chambers, environment chambers, test 
stand facilities and wind tunnels. And in 
industry, it is now being used for every
thing from computer process control and 
power generation to petro-chemistry. 

• 

' I 
' " 

CEC's Universal Electromanometer is 
comprised basically of two parts: a trans
ducer and a servo amplifier. Known as 
the Precision Pressure Balance, the trans
ducer operates on the nondisplacement 
force-balance principle, affording accu
racy and unique long-term calibration 
stability. 

DRIVE COIL 

Components 
The system components consist of a 1-
164-0001 Servo Amplifier and a 4-336-
0001 or 4-336-0002 Precision Pressure 
Balance. Additional components include 
the 4-332-0003 and 4-334-0001 Preci
sion Pressure Balances for wide pressure 
range capability, the 37-004-0001 Multi
Channel Adapter for economical ampli
fier use, and three rack-mounted adapters 
for a choice of installation modes. 

Range Capability 
The standard 4-336 Precision Pressure 
Balance is available in ranges of ± 5 psid, 
± 15 psid and ± 60 psid; and in 5 psia, 
15 psia and 60 psia ranges. Custom mod
els are available in ranges between 1.5 
psi and 150 psi. When CEC's 4-332 and 
4-334 Precision Pressure Balances are 
included with the 4-336, the group offers 
a total range capability between 1.5 psi 
and 10,000 psi. 

The Multi-Channel Adapter 
CEC's 3 7-004-000 I Multi-Channel 
Adapter is a manual switching device 
that permits the use of up to six individ
ual precision pressure balances with a 
single 1-164-0001 Servo Amplifier. Fea
tures include individual zero-adjusting 
control for each channel, individual out
put adjusting controls for each channel, a 
channel selector switch and a regulated 
d-c voltage supply for the electrical zero
adjust controls. 

f"------------ SERVt;-AMPLiF1ER---, 
I 
I 

10 KC 
OSCILLATOR 

A·C 
AMPL 

PHASE 
DETECTOR 

& CORRECTION 
NETWORK 

O·C 
POWER 
AMPL 

L----------------------
SYSTEM BLOCK DIAGRAM 

ANALOG OUTPUT 
TO 

READOUT EQUIPMENT 
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Basic functional advantages of CEC's 
Universal Electromanometer: 

00 Accuracy equals or exceeds that of pre
cision mercury manometers; and virtually 
no maintenance is required. 

00 Sealed precision pressure balances are 
provided for making absolute measure
ments. 

00 Operation is foolproof and no special 
skill is required . 

00 Voltage output is unmistakable for vis
ual, record or control. 

00 The amplifier is housed in a cabinet 
for bench use, yet is readily adaptable for 
rack mounting. 

00 Being completely versatile, it is ideal 
for all laboratory, field and process con
trol applications. 

For full information about CEC's Uni
versal Electromanometer System, call or 
write for Bulletin CEC l l 64-X23. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
A SUBSJOIARY OF BELL & HOWELL/PASADENA, CALIF. 91109 

INTERNATIONAL SUBSIDIARIES: WOK ING, SURREY, ENGLAND 

AN O FRIEDBERG (H ESSEN). W. GERMANY 
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Honeywell now has EIA registered 5-amp 
planars with collector isolated from 
case. They'll give you greater design 
latitude with freed om from insulation 
worries. Order today from your nearest 
Honeywell distributor. Honeywell 
SEMICONDUCTOR PRODUCTS 1177 Blue Heron Boulevard, Riviera Beach, Florida 

HONEYWELL INTERNATIONAL: sales offices in all principal cities of the world. 

DESIGN LIMITS PERFORMANCE SPECIFICATIONS 

TJ 0 Pr 
BVeeo BVeeo BVeeo h FE 

V8 , (sat) Vee (sat) lceo fr Type Hex f----1 
Number Dim. Watts Volts Volts "A t----: i------; 

•c 0 c1w @100°c Volts Volts Volts @le= 1A me 
Case @le= 1A @le= 1A @Vee= 60V 

Max. Max. Max. Min. Min. Min. Min. Max. Max. Max. Max. Min. 

2N3744 7/16 200 3.33 30 60 40 7.0 20 60 1.2 0.25 0.1 30 

2N3745 7/16 200 3.33 30 BO 60 8.0 20 60 1.2 0.25 0.1 30 

2N3746 7/16 200 3.33 30 100 80 8.0 20 60 1.2 0.25 0.1 30 

2N3747 7/16 200 3.33 30 60 40 7.0 40 120 1.2 0.25 0.1 40 

2N3748 7/16 200 3.33 30 80 60 8.0 40 120 1.2 0.25 0.1 40 

2N3749 7/16 200 3.33 30 100 80 8.0 40 120 1.2 0.25 0.1 40 

2N3750 7/16 200 3.33 30 60 40 7.0 100 300 1.2 0.25 0.1 50 

2N3751 7/16 200 3.33 30 BO 60 B.O 100 300 1.2 0.25 0.1 50 

2N3752 7/16 200 3.33 30 100 BO 8.0 100 300 1.2 0.25 0.1 50 
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World's largest selection of adjustment potentiometers 

BOURNS 
TRIM POT® 
POTENTIOMETERS 
More engineers specify Bourns TRIM POT Potentiometers 
because: 
TRIMPOT Potentiometer line is complete: 
Bourns offers yov the largest selection of adjustment poten· 
tiometers ••• 33 standard models-4 terminal types-3 
mounting styles. 
TRIMPOT Potentiometers are small: 
Space.saving size and choice of shapes permit the installa· 
tion of up to 17 units (and sometimes even more) in one 
square inch of panel area. 

TRIMPOT Potentiometers are accurate: 
Screw-driver adjustment gives as much as 9000° of rotation 
•.. you can make and repeat the finest adjustments. 

TRIMPOT Potentiometers are stable: 
Adjustment shaft is self-locking ... settings are virtually im· 
mune to acceleration , vibration and shock. 

TRIMPOT Potentiometers are fully tested: 
All units are 100% inspected before shipment and are 
checked by Bourns' exclusive Reliability Assurance Program 
to assure you of reliable performance. 

TRIMPOT Potentiometers are proven: 
They are backed by over 17 years of engineering know-how 
and have been specified and used in more military, indus· 
trial or commercial equipment than any other leadscrew 
potentiometer in the world! 

REMEMBER-IF IT'S TRIMPOT, IT'S BOURNS 

Only Bourns TRIMPOT Potentiometers Give You AU Of These Outstanding Features 

SPRING-Carriage sprins provides positive 
no-slip performance during rotation plus a 
reliable Idling feature at mechanical limits 
of travel. 

WIPER - Gold-plated wiper carriage 
and precious-metal wiper for low 
noise. Carriage and wiper are 
welded together. 

SOLDER TERMINALS-Tinned 
terminals are ·compact, yet 
large enough for easy solder
fog. Teflon-Insulated leads and 
printed circuit pins are also 
available. 

LEAE>SCREW-Stainless steel 
leadscrew is corrosion
resistant. 

0-RING-Silicone rubber 0-ring seals poten· 
tlometer against humidity, withstands high 
temperature. 

SILVERWELD® TERMINATION-This ex
clusive Bourns feature is unequalled in 
ruggedness. There is a metal-to-metal 
bond from the terminal to the resist· 
ance wire. 

PICK-OFF-Precious-metal, positive.' 
contact pick-off assures wiper conti· 
nuity. 

ELEMENT-Special ceramic element card for max
imum reliability is precision wound with low
temperature-coefficient resistance wire. 

S!IAFT RETAINER-Shaft is 
locked in place for top per
formance under extreme shock, 
vibration and acceleration. 

SHAFT HEAD-Stainless steel 
with machined slot for screw· 
driver adjustment. Meets mili· 
tary salt spray requirements. 

SHAFT INSULATOR - High-dielec· 
trlc ·strength, ceramic insulator 
isolates shaft head from internal 
circuits. 

This cutaway of Model 224 shows the typical high quality to be found In all Bourns TRIMPOT potentiometers, although some features may vary from model to model. 

~ 'I 
L - .. --.. l"i .. _ .. --~ - --·~-~-- ...... ........,.........,............__""""'~- • ~--~-.1>-------- = --- -.;;.,.. """'"-...--.-- ~ 
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... longest record of reliability 

TRIM POT® 
POTENTIOMETERS-UNSEALED 

-~"tJP.:,'R,~. 
l 

General·Purpose Wirewound 
Model 200. Max. temp. 105° C I 
L, S, P terminals / 0.50 watt at 
70°C I 10 ohms to lOOK. 

• "J?=>VPH!!t~ • 

General·Purpose RESISTON ® 
Carbon Element Model 215. Max. 
temp. 125°C I L, S, P terminals 
/ 0.25 watt at 50°C / 20K to 1 Meg. 

;FP~., 
High·Temperature Wirewound 
Model 260. Max. temp. 175°C I 
L, S, P terminals I 1.0 watt at 
70°C I 10 ohms to lOOK. 

TRIM POT 
POTENTIOMETERS
HUMIOITY PROOF 

General·Purpose RESISTON 
Carbon Element Model 235. Max. 
temp. 135°C I L, S, P terminals 
/ 0.25 watt at 50°C / 20K to 1 Meg. 

General·Purpose Wirewound 
Model 236. Max. temp. 135°C I 
L, S, P terminals I 0 .8 watt at 
70°C / 10 ohms to lOOK. 

Micro · Miniature High·Tempera· 
ture Wirewound Model 3000. 
Max. temp. 175°C I P terminals 
/ 0.5 watt at 70°C I 50 ohms to 
20K. 

Micro·Miniature High·Tempera· 
ture RESISTON Carbon Element 
Model 3001. Max. temp. 150°C I 
P terminals / 0.20 watt at 70°C 
I 20K to 1 Meg. 

Sub· M iniature High· Tempera · 
tu re Wirewound Model 220. Max. 
temp. l 75°C I L, W terminals I 
1.0 watt at 70°C / 10 ohms to 
30K / Mil ·Spec style RTlO and 
meets MI L·R·27208A. 

High ·Temperature Wirewound 
Model 224. Max. temp. 175°C I 
L, S, P terminals / 1.0 watt at 
70°C I 10 ohms to lOOK I Mil· 
Spec style RT12 and meets MIL· 
R·27208A. 

Ultra·Reliable High·Temperature 
Wirewound Model 224·500. Max. 
temp. 150°C I L, P terminals I 
0.5 watt at 70°C I 100 ohms to 
20K. Performance and reliability 
statistically verified to customer. 

High·Temperature, High·Resist· 
ance RESISTON Carbon Element 
Model 3051. Max. temp. 150°C 
I L, S, P terminals / 0.25 watt 
at 50°C I 20K to 1 Meg I Mil· 
Spec style RJll and meets MIL· 
220970. 

High·Temperature High·Resist· 
ance PALIRIUM® Film Element 
Model 3052. Max. temp. 175°C 
IL, P terminals/ 1.0 watt at 
70°C / lOK to 1 Meg. 

High· Temperature, Low· Resist
ance PALIRIUM Element Model 
3053. Max. temp. l 75°C I L, P 
terminals I 0.5 watt at 70°C I 2 
ohms to 100 ohms. 

High·Temperature Wirewound 
Model 3010. Max. temp. l 75°C 
/ L, P terminals I 1.0 watt at 
70°C / 10 ohms to lOOK I Mil
Spec style RTl 1 and meets MIL
R-27208A. 

High-Temperature RESISTON 
Carbon Element Model 3011. 
Max. temp. 150°C / L, P termi 
nals I 0.25 watt at 50°C I 20K 
to 1 Meg / Mil-Spec style RJ 11 
and meets MIL-R·22097B. 

High -Temperature High · Res ist
ance PALIRIUM Element Model 
3012. Max. temp. 175°C I L, P 
terminals I 1.0 watt at 70 °C I 
lOK to 1 Meg. 

Y."· Square Wirewound Model 
3280. Max. temp. 175°C I L, P, 
W terminals I 1.0 watt at 70°C I 
IO ohms to 50K. 

Y."·Square, High·Tem perature 
Wirewound Model 3250. Max. 
temp. l 75°C I L, P, W terminals 
I 1.0 watt at 70°C / 10 ohms to 
50K I Mil-Spec style RT22 and 
meets MIL-27208A. 

Y,"- Square High.Temperature 
RESISTON Carbon Element 
Model 3251. Max. temp. 150°C I 
L, P, W terminals I 0.50 watt at 
50°C I 20K to 1 Meg I Mil-Spec 
style RJ22 and meets MIL·R· 
220970. 

BOURNS® 
SINGLE-TURN 

POTENTIOMETERS 

~6'· Diameter Micro -Miniature 
High -Temperature Humidity· 
Proof Wirewound Model 3300. 
Max. temp. 175°C I P, S term i
nals I 0.5 watt at 70 ' C / 50 ohms 
to 20K. 

M6"· Diameter Micro-Miniature 
High-Temperature Humidity· 
Proof RESISTON Carbon Ele· 
ment Model 3301. Max. temp. 
150°C / P, S terminals I 0 .2 5 
watt at 70°C I lOK to 1 Meg. 

Sub-Miniature Wirewound Model 
3367. Max. temp. 105°C I P, S 
terminals/ 0.5 watt at 70°C / 10 
ohms to 20K I meets steady
state humidity. 

Sub-Miniature RESISTON Car· 
bon Element Model 3368. Max. 
temp. 105°C I P, S terminals I 
0 .25 watt at 50 °C / 20K to 1 
Meg I meets steady-state hu
midity. 

lOW·COST 
COMMERCIAL 

POTENTIOMETERS 
I _r,q7;;,-, 

.. lf5?~~. 

Wirewound TRIMIT® Potentiom· 
eters Models 271, 273 , 275. Max. 
temp. 85°C I L, S, P terminals I 
0 .5 watt at 25°C / 50 ohms to 
20K. 

~T 

~~-
RESISTALOY® Carbon Elem ent 
TRIMIT Models 272, 274, 276. 
Max. temp. 85 ' C / L, S, P termi
nals / 0.2 watt at 25°C I 20K to 
1 Meg. 

Wirewound E-Z·TRIM® Potenti 
ometer Model 3067. Max. temp. 
85°C I s, P terminals I 0.5 watt 
at 25°C I 100 ohms to 20K I 
Priced under $1 in production 
quantities. 

-~ 
Carbon Element E·Z-TRIM Poten· 
tiometer Model 3068. Max. temp. 
85°C / s. P terminals I 0.2 watt 
at 25°C I 20K to 1 Meg. 

SPECIAl·PURPOSE 
POTENTIOMETERS 

High-Power (2 watts) High-Tem· 
perature Wirewound Model 207. 
Max. temp. 175°C I L terminals 
/ 2 watts at 50°C / 100 ohms to 
lOOK. As Rheostat Model 208, 
available lOOK to 200K. 

High-Power (5 watts) Humidity· 
Proof Wirewound Model 3020. 
Max. temp. 200°c / L terminals 
/ 5.0 watts at 25°C I 100 ohms 
to 50K. 

r:;;:;:~;"; -.. 
. ·:-;~;;:· . 

Dual-Element Wirewound TWIN
POT® Potentiometer Model 209. 
Max. temp. 135°C I L terminals 
I 0.50 watt (each element) at 
70°C I 10 ohms to 50K. 

15 watts, High·Temperature 
Wirewound Model 3030. Max. 
te'mp. 265°C / L terminals I 15 
watts at 25°C I 10 ohms to !OK. 

Radiation· Resistant, High ·Tern· 
perature Wirewound Model 
3040. Max. temp. 350°C I W ter· 
minals I 5.0 watts at 70°C I 500 
ohms to 20K. 

PANEL-MOUNTED 
POTENTIOMETERS 

Most models are available with 
panel mounting. Unique design 
permits quick factory assembly 
to "on-the·shelf" units . In addi
tion, mounting screws, brackets 
and clip brackets are available 
to m eet almost any mounting 
requirement. 

KEY TO TERMINAL TYPES 

L=lnsulated stranded leads 
S=Solder lugs (includes panel· 

mounting bushing on Mod· 
els 3367S, 3368S, 3300S and 
3301S only) 

P= Printed-circuit pins 
W=Uninsulated wires (edge

mounting 3250, 3251, 3280 
and 3281). 

Write TODAY for detailed speci
fications on any model in the 
large BOURNS® Potentiometer 
and TRIMPOT® Potentiometer 
line AND a list of factory rep· 
resentatives. 

Remember
Don't MIL·SPECulate ••• 

SPECify Bourns. 

TRIM POT is a regis te red 
trademark of Bourns, Inc. 

OUR.NS 

BOURNS . INC . , TAIMPOT DI V ISION 

1200 COLUMBIA AVI!: ., RIVl!:RSIDE , CAL.I,.., 

PHONE 884 · 1 700 • TWX 1 714·882 8 Dl!!I Z 

CASL.llf 1 BOURNBINC. 

MANUFACTURER: TRIMPOT8 & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION . PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA 
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Sigma relay idea of the month 

How pulse power 
can be effectively 
used to operate 
non-latching relays. 

) ) 
Cl RI 

CONll£1VTIO/llA£ PUL:5£ POW.Fe 
CIRCf./IT CIRCUIT 

Pulse power, commonly used to operate latch
ing relays, can also be used advantageously to 
operate non-latching relays, both polar and 
non-polar. 

For example, with the pulse power circuit 
shown, a Sigma 33VG relay can be switched in 2 
milliseconds, using the required 2.5 watts of 
power, without damaging the relay coil or other 
circuit components. With a conventional circuit, 
the relay coil would overheat and the control 
transistor would be overloaded. 

54 

The pulse power circuit allows the flow of 2.5 
watts only momentarily and then reduces it to 
a normal value by providing enough continuous 
current to hold the relay above drop-out. In addi
tion , it holds th e amount of indu ctive energy 
absorbed by th e switch or tran sistor to a 
minimum. 

Values for the coil and R2 are determined by 
spee d requirements. C1 is large enough to 
momentarily pass 2.5 watts. The value of R1, 
based on rated operate current, is just enough to 
provide minimum holding current. 

If you have a relay idea or can show us how to 
improve this one, we'd like to hear from you . 
Your relay idea could be the next one we publ ish. 
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Sigma relay of the month 

Built to last 30 years. 
Rugged industrial relay 
with pivotless hinge 
construction. 

The Sigma Series 41 SPOT relay assures extra long 
service life in general purpose applications ranging 
from airport lighting systems to smoke detection 
controls . Its mechanical life is rated at 1 billion oper
ations minimum . That's equivalent to 1 operation per 
second, 24 hours a day for over 30 years. 

One reason why it can last so long is its pivotless 
hin ge construction and extra long beryllium copper 
spring arm. Another is " balanced design " which in
cludes the following characteristics and benefits: 
1. High coil overload capacity : operates efficiently 
at contro l vo ltages 4 to 6 times rated coi l input. 2. 
Extended contact life: heavy-duty design of station
ar·y contacts minimizes effects of contact erosion. 
3. Broad load carrying capacity: from dry circuit to 
as high as 10 amps. 4. Clean sw itching : small mass of 
armature contact minimizes contact bounce. 5. Ver
satility: wide variety of enclosures, adjustments, con-

tact materials , coil resistances and opera'ting 
characteristics to meet all kinds of industrial condi
tions and applications. 6. UL listed . 

Test all of these " balanced design" features-free
and prove for yourself that the Sigma Series 41 will 
outperform any other comparab le relay in your in
dustrial applications. Just send for the Sigma Series 
41 bulletin and a free relay redemption certificate. 

SIGM~ DIVISION SIGM~ INSTRUMENTS INC 
Assured Reliab1/1ty With Advanced Des1gn/BrJintree 85. Mass. 
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O™ ANNIVERSARY MESSAGE 
OM THE FLYING TIGER LINE 

~···-THE BUSINESS 
UNITY OF AMERICA 

How long is twenty years? It can be a millen
nium-it can be no longer than a short pause. 

It was that long ago that twelve of us pilots 
who had flown in China under General Claire 
Chennault pooled our funds (all of $89,000) 
and decided to hack out for ourselves a piece 
of the American Dream we had heard so 
much about. Our particular share of the 
Dream was to build an airline in America 
that would fulfill Tennyson's prophecy: 

" For I dipt into the future, 
far as human eye could see, 

Saw the vision of the world, 
and all the wonders that would be, 

Saw the heavens filled with commerce, 
argosies of magic sails, 

Pilots of the purple twilight 
dropping down with costly bales." 
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~Least likely to succeed11 has made it big! 

With Mr. Samuel B. Mosher, who pioneered 
Signal Oil & Gas Co. and many other ven
tures, matching what we thought was our 
enormous fortune, we took off. 

And what happened? We have become the 
world's largest all:cargo airline. We have 
flown more than 227-million miles. We have 
brought costs of shipping by air down 70% 
from where they were twenty years ago. We 
have helped create markets where none 
existed before. 

We feel it is an appropriate time to say, 
"Thank you!" And whom do we thank? 

First, we thank you, the shippers. Without 
your patience and support we could have 
gone no place. Together with you we have 
been able to help build the world's finest 
system for low-cost air transport of goods. 

We thank the stockholders and investors who 
have had the faith to support our efforts. 

And we thank America for being what it is; 
for being the fertile land where things can 
grow with the right direction and the right 

Electronics I June 28, 1965 

effort; for the freedom it gives you to make a 
place in the sun for yourself if you've got the 
guts to go after it and stay with it. 

It has been a long twenty years and also a 
short time. We look forward to the next 
twenty with confidence. As the leading all
cargo carrier we have a responsibility to the 
business community of America. With your 
continued support we shall always honor 
that responsi bi I ity. 

Sincerely, 

Robert Prescott, President 
Flying Tiger Line Inc. 
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Etching solder plate boards with chromic acid? 

Switch to ammonium persulf ate. 
Get 21/2 times as many boards for your etchant dollar. 

Use ammonium persulfate on solder boards and save 
60% on every dollar you now spend on etchants. 

Standardize on persulfate-for both copper and solder 
boards-and get further savings on storage and 

purchasing. 

Get clean, shiny, ready-to-use solder boards with our 
new bright dip formula, for no more than it costs to 
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clean boards etched with chromic acid. 

For full information (including our bright dip formula, 
easily mixed with standard chemicals), or for a demon
stration in your own plant, write department 1086R. 

FMC CORPORATJ:ON 
INORGA N IC C HEMICALS DIVISION 

633 THIRD AVENUE. NEW YORK. N . Y. 10017 ® 
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Half the cost of conventional multi-position switches and 
loaded with multiple performance design advantages. 
Spectrol's miniature switches give you performance char· 
acteristics for printed and micro-circuit applications never 
before available in so small a package at such low prices. 
Reliable, trouble free operation is assured by the unique 
construction features of the type 88 rotary indexing 
switches. 

DIRECT MOUNTING - Reduces wiring costs - mounts 
directly on printed circuit boards. 

TROUBLE·FREE OPERATION - Contacts are kept free of 
oxides and other harmful film deposits by the self scrub· 
bing design that polishes during every duty cycle. 

FULL POTTING PERMITTED - Dust-free, moisture-free 
operation insured by silicone rubber scaling and packing 
gland techniques. 

MILITARIZED - Designed to stand up under high shock, 
vibration, temperature extremes, and other severe environ· 
ments per MIL-STD-2028. 

LOW ARCING - LOW NOISE - Higher contact force and 
elimination of tracking made possible by the cam _actuated 
" lift·off," " drop-on" wiper action. ~ 

THREE CONFIGURATIONS - Choice of knob, 

·,::~dri;;.·ust or~;.;; 'i mou~~~~ ~i 
H~D ·~ , ' 

ACTUAL SIZE • 

BRIEF SPECIFICATIONS MODEL 88 
Switch type .............. Single pole, 10 position, non-shorting 
Switch action ........... Positive detent action, 36° indexing 
Current rating .......... 250 MA at 28 VDC 
Case dimensions 

(inches) ............... 3Ji6 H max x % D (88-3·8) 
Price 1to9 pieces .... $3.75 

Call your nearest Spectrol distributor for immediate off. 
the-shelf delivery at factory prices, or write for complete 
specifications. Spectrol also manufactures a complete line 
of trimming potentiometers and turns-counting dials. 

San Gabriel, California 



Marooned in the Dunes? Call DIAL-A-PART Any Time! 

Wherever you are . .. whatever the time . .. you can order 
the parts you need and get the engineering answers you 
want-pronto-with exclusive 24 hour new CAMBION® 
DIAL-A-PART Service! 

Call (617) 876-2800 any hour of the day or night, Monday 
through Friday, for (get ready) the widest possible choice 
of plugs, jacks, terminals or connectors. 

CAMBION, your best source of supply for battery hold
ers, panel and chassis hardware, digital modules, solder 
terminals, swagers, terminal boards, insulated terminals, 
coil forms, shielded coil forms, coils, RF chokes, capaci
tors, connectors - plugs and jacks, component clips, 
handles, kollet knobs, thermoelectric modules, magnetic 
bearings, etc . . .. (whew!). Call now .. . Call any time 
DIAL-A-PART .. . (617) 876-2800, Cambridge Thermionic 

Next time you're stranded pick up the phone and call Corporation, 401 Concord Ave. , Cambridge, Mass. 02138. 

CllMBIO•® 
DIAL-A-PART SERVICE 

Standardize on CAMBION . . . The Guaranteed Electronic Components 

60 Circle 60 on reader service card Circle 61 on reader service card~ 



TEFtON®FEP 
A unique new 
f luoeocarbon film 
that may help you solve 

toughest 
design problems 
~ 

•U U S PAfO f l 



New TEFLON* FEP film offers 
most critical environments ... 

New TEFLON FEP fluorocarbon film has a combina
tion of properties never available before in any plastic 
film. It has the anti-stick, chemically inert characteris
tics of a pure fluorocarbon material .. . plus the variety 
of forms and ease of use of a true thermoplastic film. 
This combination can open exciting new design possi
bilities to you. 

TEFLON FEP film offers extremely high reliability 
under difficult and demanding environmental cond i-

tions. Its continuous service temperature ranges from 
-425° to + 400°F. (-255° to + 200°C.); it is nonflam
mable and has superior electrical properties. It is now 
being produced in rolls , sheets and tubing in commer
cial quantities under rigid quality control standards. 

If you would like to investigate a potential applica
tion in which new TEFLON FEP f ilm can solve a tough 
design problem, mail the coupon for complete data 
and assistance. 

Here's how others are using TEFLON FEP film! 

Flexible Connector Ducting 
Made by: Arrowhead Products Division , Los Alamitos, Calif. 
Construction: Sealed and formed missile fuel-system ducting. 
Advantages of TEFLON FEP film: Chemical resistance, liquid 
oxygen compatibility; also avoids costly and elaborate forming 
and machining. 

Dry Surface Lubricant-F-111 Aircraft 
Made by: General Dynamics Corporation , Fort Worth, Texas. 
Construction: TEFLON FEPfilm laminated to surfaces in F-111 
wing. 
Advantages of TEFLON FEP film: Low coefficient of friction , 
unaffected by fuels and oils, withstands wide temperatu re 
ranges and a consistently reliable adherable surface. 

Flexible Circuits 
Made by: Garlock, Inc., Cherry Hill, New Jersey. 
Construction: Copper laminated between two layers ofTEFLON 
FEP film. 
Advantages of TEFLON FEP film: Greater design freedom, re
duction of circuit weight and size, superior electrical charac
teristics and maximum reliability under all environmental con 
ditions. 

Made by: High Voltage Engineering Corp., Burlington, Mass. 
Construction: Circular sheet of 60 mil TEFLON FEP film. 
Advantages of TEFLON FEP film: Superior electrical proper
t ies, high temperature stability and long life usage make 
TEFLON FEP film the only one that can be used . 

* Du Pont's registered trademark for its FEP fluorocarbo n film . 



maximum reliability in the 
plus wide design flexibility 

"TEFLON" FEP film offers these outstanding properties 
PHYSICAL THERMAL 

PROPERTY 

Ultimate Tensile Strength (MD) 
Yield Point (MD) 
Stress at 53 Elongation (MD) 
Ultimate Elongation (MD) 
Tensile Modulu s (MD) 
Impact Strength 
Folding Endurance (MIT) 
Tear Strength-propagating 

(Elmendorf) 
Tear Strength-initial (Graves) 
Tear Strength-initial (Graves) 
Bursti ng Strength (Mullen) (I mil) 
Density 
Coefficient of Friction (Kinetic) 

(Film-to-Film) 
Refractive Index (Abb~) 
Area Factor 

TYPICAL VALUE 

3000 psi. 
1700 psi. at 33 
I900 psi . 
3003 
70,000 psi . 
2 kg.-cm./ mil 
4000 cycles 

I25 gms.(mil 
270 gms .{ mil 
600 lbs .fi n. 
11 psi. 
2.I5 
.57 

!.34I-l.347 
I2,900 sq. in .(lb ./mil 

PROPERTY 
Melting Poi nt ('F .) 

( ' C.) 
Service Temperature-continuous 

( ' F.) 
('C.) 

Intermittent 
( ' F.) 
("C.) 

Coefficient of Linear Expansion 

Coefficie nt of Thermal Conductivity 

Flammability 

TYPICAL VALUE 
500° -535' F. 
260°-280°C. 

-425' to +400'F. 
-255' to + 2oo•c . 

-425' to +525' F. 
-255° to +275' C. 
4.6I x IO-• in ./in .(°F. at -IOO'F. 
5.85 x IO-• in. / in./ °F. at,+I60°F. 
9.0 x IO-• in .(in./°F. at +2I2'F. 

(BTU) (in.) 
1.35 (fl.')(hr.) (' F.) 

(cal.)(cm.) 4·65 x IO-• (cm.') (sec.) ('C.) 

Non-flammable 
Yes 

CHEMICAL 
Heat Seal ability 
Specific Heat 
Shri nkage (I niil) 

0.28 BTU/ fb. /°F. 
MD=0.73 stretch 
TD=2.23 shrinkage 

PROPERTY TYPICAL VALUE 
Chemical Resista nce : Resistant to practically all chemicals except fluorine at tempera
tures above 200'C., molten alkali metals and certain complex halogenated compounds. 
Moisture Absorption 
Weatherability 
Permeability 

Gas 
Carbon Dioxide 
Hydrogen 
Nitrogen 
Oxygen 

Vapors 
Acetic Acid 
Acetone 
Benzene 
Carbon Tetrachloride 
Ethyl Alcoh ol 
Hexane 
Water 

Less than 0.013 
Inert Outdoors 

cc .((100 SQ. in.) (24 hrs .) (atm ./mil) 
1,67 
2,200 

320 
750 

gms .((100 SQ. in.) (24 hrs .(mil)tt 
. 4 

0.95 
0.64 
0.3I 
0.07 
0.56 
0.40 

PROPERTY 

Dielectric Strength (I mil) 
Dielectric Strength (20 mil) 
Dielectric Constant 
Dielectric Constant 
Dissipation Factor 
Dissipation Factor 
Dissipation Factor 
Volume Resisti vity 
Surface Resistivity 
••surface Arc Resista nce 

ELECTRICAL 

TYPICAL VALUE 

6500 volts mil at 25'C., 60 CPS 
1800 volts mil at 25'C. , 60 CPS 
2.0 at 25°C., 100 CPS to 100 MC 
2.02-1.93 at !KC, -40° to 225'C . 
.0002-.0007 at 25°C ., 100 CPS to 100 MC 
.0002 at !KC, -40' to 225° C. 
.0005 at 100 MC , -40° to 240' C. 
> 10" ohm -cm. { 40" t 240"C 
>1016 ohm .sQ. 0 

· 

>165sec. 

ttvapor permeabilities are determined at the partial pressure of the vapor at the 
temperature of the test. 

.. Samples melted in arc-did not track . 
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Available in a wide variety of forms 

PLAIN FILMS. Standard types come in Y2, 1, 2, 5, 10 and 20 mil 
thicknesses. Roll widths from Y," to 48" in 1/16" increments. Also 
available in sheets. Special films for uses requiring high flex under 
environmental extremes. 

HEAT SHRINKABLE TUBING. Many sizes from l" up to 8" 1.D. are 
available, in lengths up to 10 feet. Heat shrinkable at 220°F. 

CEMENTABLE FILMS. Standard types with one side modified to ac· 
ceptconventional adhesives. Special film with both sides cementable 
is available in 1, 2, 5 and 10 mil thicknesses. All are transparent. 

EXTRA THICK OR EXTRA THIN FILM. Available in thicknesses of 30, 
60, 90 and 125 mil; and down to .00050". 

Easy to process ... easy to use 

HEAT SEAL IT ... 
It can be heat sea led by application of con
tact pressure at 300°C. to provide a plastic 
weld. Also can be wrapped and fused into 
any complex shape tor such uses as sleeves , 
thin wall hook-up wire insulation and many 
others. 

THERMOFORM IT ... 
TEFLON FEP film is a true thermoplastic. It 
otters unusual handling advantages to users. 
Stable at high temperatures,itcan be thermo
formed into complex shapes in sharp detail 
with conventional equipment. Provides free
dom from accumulation of release agents. 

CEMENT IT ... 
Film is available with one or both surfaces 
treated to accept adhesives . TEFLON FEP 
film can be laminated with adhesives to such 
substrates as steel , aluminum, copper , 
rubber . glass cloth and asbestos fa bric. 

------------------------------------~---, 

BUSINESS REPLY CARD 
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Postage will be paid by 

E. I. du Pont de Nemours & Co. (Inc.) 
Film Department 
Room 2807E 
Wilmington, Delaware 19898 
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PERMIT No. 9 
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HEAT BOND IT . .. 
It can be directly heat bonded to various 
metal substrates, such as steel , aluminum 
and copper after proper metal conditioning 
treatment. 

NOTE : These values are typical performance 
data for "Teflon" FEPfluorocarbon film; they 
are not intended to be used as design data. 
We believe this information is the best cur
rently available on the subject. It is offered 
as a possible helpful suggestion in experi
mentation you may care to undertake along 
these lines. It is subject to revision as addi· 
tional knowledge anq experience are gained . 
Du Pont makes no guarantee of results and 
assumes no obligation or liability whatso· 
ever in connection with this information. This 
publication is not licensed to operate under, 
or intended to suggest infringement of, any 
existing patents. 
•Du Pont 's registered lrademark for its FEP fluorocarbon film. 
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July 12 

Electronics A new technique blends face bond ing, a 
reliable method of attaching active de
vices to passive networks, with batch proc
essing of passive networks to make more 
reliable hybrid integrated circuits auto
matically. Semiconductor chips, mounted 
on pads, are welded facedown to thin-film 
conductors. For the cover, art director Saul 
Sussman magnified a flip chip made by 

the new process, superimposed it on an active background 
and produced this piece of op art. 

New television cameras being developed for the military take 
pictures by starlight. All three services are experimenting 
with tv cameras and image intensifiers to detect objects at 
any time between twilight and dawn, when the light level may 
vary from 10-1 to 10-4 footcandles. Both the Radio Corp. of 
America and the General Electric Co. are developing rugged 
vidicons and highly sensitive orthicons. 

As diode switching speeds get faster, the engineer has a 
more difficult time measuring and specifying them. In high
speed circuits, the stored charge offers a better standard 
than the present method which is based on the reverse 
recovery time of the diode. 

In the second of two articles on the new discipline of bioengi
neering , the authors describe designs of some special 
equipment, explaining why unusual approaches were needed. 
The equipment developed includes an implant transmitter 
that weighs only 0.4 grams, a six-channel multiplex telem
etry system, and an r-f powered implant device. 

•Microelectronic transducers 

• Stress-sensitive integrated circuits 

• Curves for a single-band circuit 

• Wireless flatpacks for integrated circuits 



Manufacturing 

Crossbred technology automates 
production of hybrid microcircuits 

Microcircuit fabrication system uses pad-terminated 

semiconductor chips, welded facedown to thin-film conductors, 

and screen-printed ceramic capacitors 

By John G. Curtis 
Electronic Products Division, Corning Glass Works, Raleigh, N.C. 

Face bonding, an advanced method of attaching 
active devices to thin-film passive networks, is in
herently more reliable and less expensive than the 
usual methods of assembling hybrid microcircuits. 

Conventionally, discrete devices are attached to 
the networks by welding or soldering their leads 
one at a time to the thin films . If the components 
are semiconductor chips, the chips are soldered to 
the substrates and leads bonded individually to 
thin-film terminals on both the chip and the net
work. These procedures are long on manual labor 
and short on improving circuit performance and 
reliability. 

In face bonding, the semiconductor chips are 
provided with small mounting pads, turned upside
down and bonded directly to the ends of the thin
film conductors on the passive substrate, as shown 
on page 70. 

This improves reliability because the number of 
bonds are cut at leas t in half, compared to bonded 
lead wires. The facedown mounting protects the 

The author 
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John G. Curtis is best known 
for his reports on the use of 
current-noise measurements for 
failure analysis of resistors. 
Now supervisor of microcircuit 
reliability in Raleigh, he joined 
Corning in 1959 as a capacitor 
engineer at the company's plant 
in Bradford, Pa., his home 
town . Previously, he was a 
field engineer with the Sperry 
Rand Corp. He served tour 
years in Japan as a Navy 
material planning officer. 

devices and the absence of lead wires provides a 
solid structure that can be encapsulated with glass 
or plastic. 

Moreover, face bonding is suited to automation, 
with further advantages in quality control and cost. 
The chip can be mechanically positioned on the 
substrate and all bonds welded simultaneously. 
Face bonding can be used to attach complete mon
olithic silicon circuits to the passive network as 
well as individual devices. 

A new microcircuit fabrication system, one that 
crossbreeds face bonding with several batch-fab
rication methods of producing passive networks, 
has been put into operation at the Electronic Prod
ucts division of Corning Glass Works. 

Face bonding permits many types of active de
vices, in semiconductor chip form , to be processed, 
selected and attached to the networks by automatic 
equipment. The mating of several batch fabrication 
methods enables the passive networks to be made 
without discrete components in a sequence of 
mechanized operations. 

This crossbred technology, one which really 
merits the term hybrid, solves problems of circuit 
speed and power, as well as interconnection reli
bility, process automation and yield. Developed to 
supply competitively priced, high-performance cir
cuits to sys tem manufacturers, it makes practical 
the production of highly complex circuits with the 
same facilities used to make simple ones. 

The full range of process capability is illustrated 
on page 67 in a functional network that contains 
64 components and 102 conductor crossovers. Other 
examples are given on page 70 and on the cover. 
The cover drawing shows a chip circuit called the 
Sixpac, which contains six diode-transistor-logic 
inverters. The Sixpac has six face-bonded tran-
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Bonded wire leads, generally used to connect active 
devices and capacitors to resistor-conductor networks, 
are missing from this hybrid microcircuit. 
The circuit has 28 face-bonded semiconductor devices 
(the black squares), 28 resistors (black lines), 
eight film capacitors (squared patterns at the left) 
and 102 conductor crossovers (gold stripes, 
invisible under a glaze, running vertically at the 
right). The conductors atop the glaze reach the stripes 
through windows in the glaze. 

16------. 

Vee a---

2.4 K 

Schematic of Sixpac, showing first and last stages and 
pin numbers. An artist's rendering of this chip circuit 
made up of six logic inverters is on the cover. 
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sistors and is designed for use with inexpensive 
discrete diodes for the actual gating. It may be 
used with any combination of input gates. Its size 
and complexity are about half those of conven
tional hybrid circuits. 

Marriage of methods 

The passive networks are produced by a se
quence of screen printing, deposition and plating 
methods that are all done at atmospheric pressure. 
This means that processing and adjustment of the 
networks can be automated readily, unlike vacuum 
techniques which are difficult to mechanize and 
therefore expensive. Some other advantages: 

• Resis tors are made by the pyrolytic deposition 
of tin oxide. Such resistors in discrete form are 
known for their stability and adaptability to worst
case circuit design. 

• The tin oxide is a base for plated copper con
ductors. The oxide is precision etched to define 
resistor and conductor geometries, so additional 
registration or etching of the conductor pattern is 
avoided. 

• Film ceramic capacitors are built on the sub
strate by screen printing. Each is hermetically 
sealed by a layer of glass. The capacitors are sim
ilar in performance to the best discrete ceramic 
capacitors. 

• Most thin-film techniques require additional 
processing steps to insulate conductors that cross 
one anotlwr. Corning makes crossover runs of 
screen-printed gold and glass at the same time 
the capacitors are made, or can use the glazed sur
face of the capacitors for crossovers. 

• Since conductor lengths can be minimized by 
the use of crossovers and the elimination of wire 
leads, signal transit times are less, increasing oper
ating speed of the circuits. 

Face bonding the chips 

Vacuum deposition does have a role in the pro
duction process. As is usual in planar processing, 
thin-film aluminum electrodes are deposited on the 
devices before the silicon wafer is diced. Then a 
proprietary process, applied at atmospheric pres
sure, builds up the metallizing to form the thick 
pads, or lands, seen in the sketch on page 70. 

Three high-speed, tape-controlled systems han
dle the active devices. One forms the lands on the 
passivated silicon wafers , the second orients and 
elec trically tests the chips by means of the lands, 
and the third positions and bonds the chips. 

" ' hile the lands may be located anywhere on 
the face of standard 30-mil-square chips, in fast 
devices, capacitance between the electrodes and 
the silicon-chiefly the collector bulk-must be 
minimized by making the thin-film electrodes short 
and narrow. If collector saturation voltage must be 
low, resistance between the collector connection 
and the base-collector junction is lowered, usually 
by making the collector window large. 

(Continued on p. 70) 
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Bumps and balls, pillars and beams: 
a survey of face-bonding methods. 

By George Sideris 
Manufacturing Editor 

Beam leads provide a large handle for tiny transistor ch ips (the smallest 
visible squares) . Such strips could be fed to automat ic bond ing machines. 

The face-bonding bandwagon is 
picking up speed. Only a few com
panies are now producing face
bonded hybrid microcircuits but 
many others are running to catch 
up and climb aboard. 

Most of th.e advantages cited in 
John Curtis ' article on page 66 will 
interest systems manufacturers, 
manufacturers of semi€onductor de
vices and integrated circuits, and 
manufacturers of commercial hybrid 
circuits. However, systems manu
facturers are especially interested in 
techniques like the flip-chip and pil 
lar methods described below that 
don 't require specialized processing 
of the chips to form the bonding 
pads and could use anybody's chips ., 

Semiconductor manufacturers see 
face bonding as a likely way to cut 
packaging costs. A chip -that can be 
bonded to a hybrid-circuit substrate 
can just as easily be bonded to a 
package base, and since there are 
no leads, it is more feasible to pack
age the devices with solid glass or 
plastic, instead of a can. 

Most companies developing face
bonding methods are wary of dis
closing details of face-bonding ma
terials and their processing, since 
this is the heart of any technique. 
However, one can clearly disc·ern 
several growing families of face
bonding methods. 

Flip-chips. One of the earliest face
bonding techniques is the one that 
the General Electric Co. dubbed flip 
chip a couple of years ago. This is 
a process for bonding arrays of 
many integrated circuits to thin-film 
interconnection patterns on a sub
strate [Electronics, Oct. 18, 1963, 
p. 82] . The circuits' thin-film termi-
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METAL 
CONNECTING BALLS 
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Soldered balls are one way of 
providing chips with contacts. 

nals are bonded directly to the sub
strate's thin films. 

The method is not in wide use be
cause the bonds cannot be seen and 
it is difficult to assure that they have 
been made, or that individual bonds 
are strong. As a consequence, sev
eral companies are using a reverse 
of the procedure-putting conduc
tors atop the chips so that indi
vidual bonds can be inspected. Top
ping the ch ips with conductors can 
be accomplished by bonding etched
foil patterns to the terminals on the 
chip, or by fastening the chip face
up to the substrate and depositing 
the interconnection film simultane· 
ously on both the chip and the sub
strate. 

Balls. Most devotees of face bond
ing seem to think, however, that it 
is better to raise the chip slightly 
above the substrate with a thick 
bonding pad of some sort. This gives 
more leeway in aligning the planes 
of the chip and the substrate. Three 
pads on the chip are sufficient to 
define the plane. Mating is easier -if 
the material is soft, like solder. 

Raising the chip makes it possible 
to inspect the bonds visually. 

The most famous of the three
point bonding methods is the one 
using mounting balls that the Inter
national Business Machines Corp. 
dev19ed for the circuits of its 
System/360 computers [Electron ics, 
April 20, 1964, p. 103] shown at left. 

This method, like Corning's, starts 
with silicon wafers. IBM coats its 
wafers with glass, etches holes in 
the glass to expose the device ter
minals, then coats the holes with 
solder. Balls are fused into the holes 
by heating the solder. Subsequently, 
the balls on the diced chips are 
bonded to the circuit substrates by 
reflowing a solder coating on the 
substrates' screen-printed conduc
tors. This process, too, has been 
highly automated. 

Bumps. There is a family resem
blance between the Corning pads, 
the IBM balls and the bump con
tacts that are used by the Hughes 
Aircraft Corp. and the Burroughs 
Corp. [Electronics, March 8, 1965, 
p. 75]. 

Hughes makes several types of 
devices with solderable bump con 
tacts and has found that the bumps 
can be ultrasonically welded to thin 
films. The Burroughs devices are 
face bonded to solder-coated , 
screen-printed conductors. The 
drawing at right shows the structure 
of one Burroughs chip, a pair of npn 
and pnp transistors connected in a 
feedback loop. For orientation of 
four-terminal devices, one of the 
terminals is made larger than the 
other, as shown by the photo on the 
facing page. 

Pillars. If the bumps are trans-
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ferred to the substrate, a composite 
of the flip-chip and bump methods 
results. Such a method is under de
velopment at the Signetics Corp., a 
Corning subsidiary. The bumps, 
called pillars at Signetics, are made 
by thickening the ends of thin-film 
conductors on the substrate. Sig
netics' prime interest is glass encap
sulation of packaged integrated cir
cuits, as illustrated, but hybrid cir
cuit applications are also contem
plated. 

The Univac Division of the Sperry 
Rand Corp. is developing a way of 
attaching integrated circuits to the 
glass substrates of thin-film mem
ory planes. Plans are to bond up to 
200 circuit chips, to form complete 
memory systems. The bumps, 
which Univac calls pedestals, can be 
etched from the same copper layer 
that forms the memory ground 
plane, as shown at right. Ultrasonic 
welding bonds the aluminum thin 
film on the chip to a coating of 
aluminum evaporated on the pedes
tals. 

Another variation on this theme 
is the multilayer ceramic substrate 
concept being pursued by the Auto
netics division of North American 
Aviation, Inc. As the drawing indi
cates, the integrated-circuit chip will 
be hermetically sealed at the same 
time it is bonded by means of the 
bond stripe that encloses the land 
patterns. This approach is a chip
circuit equivalent of the multilayer 
printed circuit board method of in
terconnecting large numbers of 
packaged circuits. 

Beams. The most distinctive of 
the face-bonding methods is the 
beam-lead technique under develop
ment at the Bell Telephone labora
tories, Inc. · [Electronics, Nov. 16, 
1964, p. 114]. Thick, gold exten
sions of the thin-film terminals of 

ANODE 

© 

:"""'- z 
GLASS PACKAGE • 

Pillar-bonding method allows 
integrated circuits to be hermetically 
sealed in solid glass package. 

COPPER PEOESTAL GLASS SUBSTRATE 

Bonding pedestals can be fabricated 
at the same time a thin-film memory 
is made, and memory circuits 
attached. 

Multilayer ceramic circuits might 
solve bonding, sealing and 
interconnection-crossover problems. 

the semiconductor devices or cir
cuits are electroformed so they ex
tend beyond the edges of the chips. 

How far development has pro
gressed is seen in the photo of a 
strip of transistors. Similar strips 
could be fed into automatic bonding 
machines much like a roll of post
age stamps. The devices would be 

ANODE 
•GATE 

t-----+-E) 

0-----i 
CATHODE 
GATE 

@CATHODE 

clipped apart as they were bonded 
unless, for example, the circuit 
called for transistors with common 
electrode connections. 

While Bell labs declines to soecu
late on future ramifications of 
beam-lead structures, it appears ob
vious that large numbers of beam
leaded devices could be produced 
as interconnected arrays. Faulty 
components - there are always 
faulty devices mixed among the 
good ones on the parent slice of 
silicon-probably could be clipped 
out and good ones attached by 
beam-to-beam welds. likewise, a 
variety of circuits might be welded 
into an array, or pnp parts made by 
one process added to npn parts 
made by another. 

Approaches that make chips 
easier to handle, such as the beam 
leads, appeal to hybrid-circuit manu
facturers because of the difficulty of 
handling the tiny conventional chips 
during assembly. However, the 
method is a controversial subject 
among integrated-circuit manufac
turers because the beams take up 
much "real estate" on the silicon 
wafer and make the circuits more 
costly to produce. Systems manu
facturers counter that chip costs are 
negligible compared to assembly, 
test and packaging costs. 

However, face-bonding is not a 
panacea. Packaging engineers point 
out that die-bonding (soldering the 
chip to the substrate) cools the chip 
better. The thermal contact between 
the silicon mass of the chip and the 
substrate is far larger than the ther
mal contact provided by the face
bonding pads. Die bonding will still 
be preferred for devices that must 
dissipate large amounts of power, 
until simple, effective methods of 
heat-sinking face-bonded chips are 
developed. 

Bump-contacted chip. In this one, npn and pnp transistors share contacts 
1 and 3. Photo shows top of chip. large bump orients chip. 
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Dual four-input gate circuit, schematic and propagation-delay characteristics. While the schematic shows 
eight individual transistors being used with the eight input resistors, the actual circuit has a single 
multiple device in each input section. Note the tailoring notches and guide marks at the precision resistors. 

The contact points on the terminals of the de
vices are thickened by the electroding console, 
which can handle any wafer geometry. The wafers 
are then diced into device chips. 

Chips are tes ted for device characteristics by an 
orient-and-test console. It aligns the lands, makes 
electrical tests and stores selected devices in mag
azines. The devices are stored with all lands in a 
predetermined position. 

At the attachment station, a programed machine 
positions the substrates under bon<ling heads and 
selects required devices from an array of maga-

BASE ELECTRODE 
LAND 

zines. Each device is rotated to line up its lands 
with the conductor terminations on the substrate, 
is low<>red into place and welded. Attachment 
doesn't alter device characteristics. 

Bond strength is unusually high-devices regu
larly withstand a force equivalent to 375,000 g. If 
required, chips can be removed and replaced with
out sacri£cing bond strength. This capability is 
especially valuable when constructing functional 
blocks containing many devices. 

Face-bonding chips being made by Corning in
clude high-speed npn switching devices for cur-

Face-bonded transistor, as it would appear if one looked up at it through a transparent substrate. 
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Capacitor construction and the method of masking 
resistors before copper plating is shown in the 

drawing. At right is a typical passive network 
before copper plating. The capacitor at the lower 

right is barely visible under the glaze. The 
bathtub shapes will become precision resistors. 

rents from 10 to 60 milliamperes, quadruple npn's 
for current-mode logic gating, dual npn's for differ
ential amplifiers and single and quadruple diodes. 
In design are high-current npn and pnp transistors 
for memory drivers and pnp devices to complement 
available npn's. Field effect transistors and com
plete monolithic integrated circuits can be obtained 
also. These devices, with varying speed, power 
and voltage levels, can be mixed or matched in a 
single circuit. 

Substrates and capacitors 

The substrates are alumina, chosen for its high 
thermal conductivity, which is similar to stainless 
steel's and 15 times better than glass's. Its job 
is to conduct heat from the circuit and provide 
physical strength. The film components are not 
made directly on the alumina, but on a glaze of 
alkali-free, aluminosilicate glass laid over the alu
mina. Standard substrate size is 1.7 by 2 inches, 
usually enough area for several circuits. The cir
cuits may be packaged individually or as an array 
of circuits. 

If a circuit requires capacitors, these are made 
first. The dielectric is of the same family of mate
rials as Corning's Pyroceram glass-ceramics. It is 
principally a niobate glass and has a dielectric 
constant of 400. 

The dielectric is prepared as a frit, a paste of 
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glass particles and binder which can be printed 
on the substrate through a metal mesh pattern. The 
method is known as silk screening or screen print
ing. The dielectric is applied about 1.7 mils thick 
between top and bottom electrodes of screen
printed gold, such as du Pont 8067 gold paste. As 
a hermetic seal, a layer of aluminosilicate sealing 
glass is applied over the entire capacitor, leaving 
only the electrode ends exposed. 

A high-temperature firing process devitrifies the 
dielectric, binds the materials to each other and 
to the substrate, and seals the capacitor. During the 
remainder of the circuit processing, the capacitors 
are treated as if they were part of the substrate. 
Temperature cycling up to 650°C has little effect 
on them and the hermeticity of the glass seal is 
not affected by subsequent chemical processing. 

Capacitance density is approximately 80,000 
picofarads per square inch of active area, the area 
of dielectric sandwiched between the electrodes. 
Typical d-c working voltage is 50 volts. Further 
details on construction and performance of these 
capacitors are shown above and on page 72. 

These film ceramic capacitors can be used as 
bypass, speedup, tuning, blocking or coupling ca
pacitors. The extremely short, low-inductance ter
minations maintain bypass efficiency, hence fewer 
and cheaper capacitors are needed and circuitry 
is quieter and more trouble-free. Capacitors may be 
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Resistor-tailoring technique. While this is a 
standard procedure, the way Corning locates the 

adjustment notch in the resistor is distinctive. 
The guide marks help align the abrasive jet 

(photo) in the center of the resistor and provide 
a visual quality-control check on how well the 

jet is centered during the tailoring process. 

paralleled by having them share one common elec
trode and a single dielectric body. 

Oxide-film resistors 

The glaze on the alumina substitutes for the glass 
rod on which discrete tin-oxide resistors are made 
by spraying an oxide composition on the glass at 
high temperature. Characteristics of the £lm and 
discrete resistors are practically the same, but the 
film version is much simpler. The end caps, ter
minal wires and insulation of the discrete version 
arc eliminated. 

Film resistivity may range from 25 to 400 ohms 
per square. However, most thin-film circuits are 
constructed by applying a uniform coating of either 
the high or low value over the en tire glazed-ceramic 
substrate. 

Precision resistors are etched to a geometry that 
gives slightly less than the desired value, and then 
they are "tailored" to tolerances as close as 112 % 
or as broad as 10%; 2% is usual. The tailoring con
sists of lengthening the resistive path, to raise the 
resistance value, by removing film with an abrasive 
jet. The procedure, often called "sandblasting," 
is shown above. 

The adjustment is controlled automatically with 
the resistor in a bridge circuit. Two resistors of a 
circuit may be closely matched by using a special 
switching arrangement during tailoring. They will 
generally track better (vary equally in value dming 
temperature changes) than discrete resistors, since 
they are both made from the same film on the same 
thermal base. 

Excellent tracking is obtained by interdigitating 
meandering resistor paths. The photo on page 73 
shows some meandering resistors. In this case, the 
narrow, looping lengths of oxide arc high-value 
resistors and the tailoring resistors are in series 
with them. 

The resistors can also be tailored after the chips 
are bonded, while the circuit is actually operating, 
a feature that has proven valuable in such circuits 
as closely balanced differential amplifiers. 
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Performance curves for ceramic film capacitors: 
accelerated life test results (top), dissipation factor 
(color) and voltage and frequency coefficients (center), 
and temperature coefficients of typical capacitors. 
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After copper plating, resistor networks look like this. 
There are eight networks on the substrate. 

Resistor ratings 

Power ratings of thin-film resistors must be 
determined indirectly since the thermal picture 
of a network is complex. Dissipation cannot be 
determined for individual resistors , but for groups 
of resistors having different shapes, locations and 
duty cycles. 

Therefore, the substrate is rated for maximum 
rise above ambient temperature. Full rating for 
tin-oxide resistors is a 30°C rise above 70°C. A 
power rating of 2.5 watts per square inch is allowed 
on average substrates of 0.4 square inch. Power rat
ings of normal-sized resistors are limited to 200 
milliwatts. Higher dissipations are handled with 
larger areas and supplemental heat sinking. 

Some manufacturers rate resistors according to 
power density for a given resistor area. rather 
than substrate area. This will, of course, give a 
much higher value-in the range of 15 to 25 watts 
per square inch for tin oxide. But the criteria given 
above provides performance that closely parallels 
that of discrete tin-oxide precision resistors con
forming to MIL-R-10509. Detailed resistor char
acteristics are published in literature available from 
Corning Glass Works. 

Conductors and crossovers 

Unique to the tin-oxide process is the way com
ponent interconnections are made. The oxide-coated 
substrate is patterned by etching, with the photo
resist process, into the combined resistor-conductor 
geometry. The resistor areas are masked by a 
screen-printed film of vinyl. The interconnection 
pattern is made conductive by the electroless plat
ing of copper, which plates only on the exposed 
oxide, not on the bare glaze of the substrate. 

The ends of the gold electrodes of the capacitors 
are under the oxide. The gold-oxide-copper sand
wich is really a resistor, but the oxide film is so 
thin resistance throu gh it is negligible. 

These techniques insure precise registration, es
sentially in a single step , of conductors with thin-
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Substrates on their way to the etching station. The 
tin oxide has just been coated with photoresist. 

film electrodes and with the bonding pads of the 
chip devices. Location of conductor terminations 
must be precise for face bonding and its automa
tion to be practical. Conventional thin-film tech
niques require deposition and registrative pattern
ing of each material used to make the components 
and conductors. 

The capacitor production method, in addition, 
economizes on circuit design and production by 
enabling the designer to make conductor crossovers 
a t little or no expense. When the capacitor elec
trodes are printed, gold stripes are also printed 
where a crossover will be needed. When the seal
ing glaze is applied to the capacitor, it is also 
applied to the midsection of the stripes. Later, 
the ends of the stripes connect two runs of copper, 
while a third run goes over the glaze. 

At present, this is the preferred method for mak
ing crossovers. Another method is simply to use 
the glazed tops of the capacitors to run a con
ductor over the circuit path through the capacitor. 
Other film techniques generally require special 
deposition of an insulator, or a chemical process 
like anodizing to insulate the bottom conductor. 

Packaging 

Simple resistor and capacitor networks need 
only a conformal coating of silicone insulation for 
environmental protection. 

The standard package for circuits with silicon 
devices is a one-inch-square, 16-lead metal can 
that is hermetically sealed by welding. Hermetic 
packages are fool-proof, but less expensive plastic 
packages can be used when the circuits are in
tended for industrial and commercial applications 
where environmental conditions are not severe. The 
chips are covered with silicone. Organic plas tics 
form an outside case. As much glass and ceramic 
as possible is left bare, to minimize exposure of the 
plastic to moisture. 

Organic materials are never perfect moisture 
barriers, but the moisture protection of these pack
ages is often adequate. 
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Circuit design Designer's casebook is a regular 
feature in Electronics. Readers are invited 

Designer's casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published. 

Photocell triggers 
counting circuit 

By E.J. Brach 
Canada Department of Agriculture, Ottawa 

Small objects such as beads , buttons, screws or 
agricultural seeds can be counted by the circuit 
shown below. The objects pass between a light 
source and the photodiode, one at a time, produc
ing a voltage higher than the upper threshhold of 
the Schmitt trigger. Within a given range, the di
mensions of the object can vary without affecting 
counting accuracy since the Schmitt trigger circuit 
delivers an output pulse with a uniform amplitude 
whenever the input signal is above the threshhold 

It 

SCHMITT TRIGGER CIRCUIT 

Ro 

o, 
2Nl694 

o, 
0AP12 

Rs 
270 

FIRST THREE I 
BINARY STAGES I 

-

turn-on voltage-in this case 200 millivolts. 
This circuit directly drives an electromechanical 

counter at a rate of 30 counts per second. 'Vith 
additional binary networks , the counting rate can 
be extended to 300 counts per second. 

'Vith the Schmitt circuit at quiescence, Q1 is 
cut off and Q2 conducts. The collector voltage of 
Q1 is coupled to the base of Q2 through res istor 
R4• The base-to-emitter voltage of Q~ is equal to 
the voltage drop across R5 minus the voltage across 
Re. With Q:! conducting V1w > 0. 

A 200-millivolt pulse from the photocell causes 
Q1 to conduct. The collector voltage of Q1 falls, 
reducing the base current of Q2 to a point where 
Q~ is no longer saturated. The decrease in Q2 
collector current results in a decrease in Vnn, in
creasing the base current of Q1 • During this time, 
both transistors are active and the circuit is regen
erative. This regenerative action continues until Q1 

is saturated and Q2 is cut off. The circuit returns 
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FEEDBACK PATH 

Counter consists of a photocell, Schmitt trigger, four binary circuits in series, and an 
electromechanical counter readout. Each time the photocell is unblocked from its light 
source, the Schmitt trigger produces an output pulse that changes the state of the binary circuits. 
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to its initial state when the photodiode voltage falls 
below the lower threshhold, or the minimum trigger 
voltage. 

The 5-volt output signal from the collector of Q2 
is fed to the first multivibrator of the decade sys
tem. Capacitor C2 in the Schmitt trigger prevents 
the circuit from oscillating. 

Only the last binary, or flip-flop, stage is shown 
in the circuit diagram. All the binaries are un
damped saturated multivibrators. The multivibra
tors can operate up to a maximum frequency of 
1 kc. 

The Q. and Qb circuits in the multivibrator are 
symmetrical. 

To ensure that the on transistor is saturated, 
the following relation must be maintained: 

Vee _ VBB > Vee 
R1 + R2 Va (3R1 

where {3 = 30 for the 2N698 transistor. 
The multivibrator output voltage excursion is 

expressed by 

Vout = Yee ( Ri; R
2 
)- V Qa(SAT) 

In this circuit V Qn(SA'l'l is the collector to emitter 
saturation voltage of Q., and Vout = 13.83 volts. 

The reverse bias on the collector-base junction 

Amplifier gain is constant 
despite changes in load 

By Richard C. Lavigne and 

Leonard L. Kleinberg 
National Aeronautics and Space Administration 
Goddard Space Flight Center, Greenbelt, Md. 

An amplifier circuit that maintains almost constant 
gain despite wide variations in component values 
can be designed if the quiescent collector current 
is maintained constant with changes in the ampli
fier load or transistor beta. 

Analysis of the basic amplifier in the schematic 
at right shows that the voltage gain is independent 
of the load resistance and is a function only of 
the supply voltage and the quiescent bias, if the 
following conditions are fulfilled: 

• The a-c and d-c load lines are identical 
• Low current, high-beta transistors must be 

used. 
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of the off transistor is 

VBBR2 l v BE = R2 + R9 = -1.4 VO t. 

Assuming Q. is on and Qb is off, enough current 
will flow through R10 and R5 to forward bias the 
base of Q., saturating it. The RrRo divider reverse 
biases the base of Qb, keeping it off. If an input 
signal is introduced, Qb huns on and Q. turns off. 

Diode D~ is reverse biased. It isolates the electro
mechanical counter from the circuit when Qb is off. 

Speed-up capacitors C1 and C2 are small enough 
to minimize the R-C time constant and at the same 
time large enough to provide sufficient trigger drive. 

Because of the pulse steering diodes D1 and D2, 
pulses of the same polarity trigger the flip-flop on 
and off. 

Resistors R:i and R6 are selected to minimize 
loading but at the same time allow the steering 
circuit to recover within one cycle. 

The flip-flop changes stage when triggered by 
a pulse wtih an amplitude of 5 volts and a rise time 
of 15 p.seconds at the junction of R4 and R1. Each 
binary voltage output is 14 volts. Coil resistance 
in the electromechanical counter is about 1000 
ohms. 

The electromechanical counter placed in the 
collector of Qb, advances every 10th count, elim
inating an additional relay-triggering circuit. 

c ----1' ._____...___ _ __, 
INPUT 7 

Amplifier uses a low-current, high-beta transistor 
for Q,, as voltage gain that is a function of only the 
bias point if the supply voltage is constant. 

The voltage gain of this amplifier is 

J( - RL 
• - r. + (rb + r0)/ (3 

OUTPUT 

\Vith low-current, high-beta transistors for Qi, 
intrinsic base resistance rb is usually small. Under 
these conditions, using a low source impedance rg 
this equation reduces to 

The quiescent collector current is equal to 
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c, 
0.1µ,F 

Rs 
510K 

Vcc=+20V 
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5. f K 

03 
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10K 

Differential amplifier Q. -Q. regulates bias voltage of Q, amplifier, 
which stabilizes its gain even though the load changes significantly. 

I F Vee - ee d . I I h \\' rnre 1 = an is a ways ess t an one. 
Vee 

In a tran sis tor, the emitter resistance as a func
tion of emitter current is given by the diode equa
tion 

r. = 3~1• where 1/ 39 has the units of volts. 

Since l e = I ., 

RL 
r. = 39FVee 

This value of re is substituted in the simplified gain 
equation to obtain 

K v = 39FVee 
which states that the voltage gain is independent 
of load-it is a function only of supply voltage and 
operating point. For constant gain, then, it is neces
sary to maintain a constant operating point. 

To determine the validity of this equation, the 
circuit shown was tested with Vee = 16 volts and . 
Rr, varied from 100,000 to 600,000 ohms. A constant 
F = 112 was obtained (ec = 8 volts) by adjusting 
the resistances of R1 and R2 for each value of Rr, 
tes ted. 

Different samples of high-beta transistors (2N930 
and 2N338) and low-beta types (2N335 and 2_ 333) 
were used for Q1 . Results show that the equation 
is only valid for high-beta transistors. 

Assuming constant supply voltage, the gain is 
a function of F , or the quiescent voltage. But in 
simple ampliRers the quiescent point may vary be
cause of changes in beta or circuit component val
ues. 

The gain of the amplifier in the circuit diagram 
above is held constant because its quiescent col-

lector current is constant. This circuit is capable of 
producing very high gain. 

The voltage gain of Q2 is 

Ra 
2R2 Kv = ----~-.:__---,,---

Ra R1 
l + 2R2(39FV,c) + 2R2f3 

The collector voltage of Q 1 is compared with the 
base voltage of Q3 by the Q2 - Q3 differential am
pliRer. Any difference between these is amplified 
and appears at the collector of Q3 • The ampliRed 
voltage difference biases Qi. 

If the gain is high (R5 /2 R2 > 50), the difference 
between ec1 and Eha will be small and the quiescent 
point will remain constant with changes in beta 
and load. 

In the Q2 circuit, 2(3R2 must not load clown Ri, 
so that the gain for Q1 will not depart s ignificantly 
from Kv = 39 FV cc· 

The collector of Q3 is bypassed to avoid a-c feed
back. 

The gain stability can be determined from the 
following analysis. In the Q1 amplifier, e,. 1 = Vee -
f3lhR1 and lb = Er/Rn 
therefore ec1 =Vee - f3Er R1 /R8 . By differentiation 

deci = _ E1f3 dR1 + (3R~~E1 + E1R1 d(3 

The gain of the differential amplifier Koc > > 1 
and dEr = Koc dec1 . With these values substituted 
into the equation above, 

dec1 = - ~ [ d(3 + dR1 J 
KDc (3 R1 

For the simple amplifier with constant supply 
voltage, the gain varies as the quiescent point dKv 
= 39 Vee dF, and dF = - deci/Vcc 
Substituting these into the equation above and 
dividing the left side by Kv and the right by 39 VccF, 
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yields 

dK v EI [ d{3 + dR1 ] 
~ = FVccKDc 7f Ji; 

Now, suppose f3 and R1 each changes by 50%. 
If the output voltage is designed so that Er = FVee, 
the relative change in gain will be l/K0 0-in this 
case, only about 2%. 

The most critical component value in designing 
the amplifier is Rn. Its value must be such that 
Q:~ neither cuts off nor saturates. 

This amplifier was built and tested. The a-c gain 
at e" 1 was reduced by only 6% when the value 
of the load resistor R~ was doubled. This reduction 
was due to the increased loading effect of Q/ s input 
impedance, caus ·ng Q1's a-c load line to deviate 

Pulse frequency measured 
by photoconductor and scopes 

By Ian Baird 
Columbia University, New York City 

In a series of pulses whose amplitude and period 
vary randomly, the frequency of those pulses larger 
than a certain amplitude can b e determined simply 
with a pair of oscilloscopes. 

As shown in the diagram at right, a photocon
ductor is placed directly opposite the screen of 
oscilloscope A. This scope, which receives the 
random input, is adjusted to trigger itself at a 
minimum pulse amplitude. A pulse on the screen 
of scope A illuminates the photoconductor, which 
is connected as one leg of a bridge circuit. The 
bridge becomes momentarily unbalanced when 
the pulse occurs. The bridge output is the verti cal 
input and also the external trigger for oscilloscope 
B. Therefore, the bridge output appears as a blip 
on oscilloscope B. 

Th e sweep of scope B is triggered when it re
ceives a pulse from the bridge, which may also be 
considered a detector circuit. Sweep speed on 
oscilloscope B is adjusted so that the blips on its 
screen can b e conveniently seen and counted. The 
average frequency can be determined from 

f avo = Number blips per sweep/ Sweep speed 

Due to fluctuations in brightness of the ·selected 
pulses displayed on scope A, illumination of the 
photoconductor and blip amplitudes on scope B 
will vary. A second trace of constant intensity, hav
ing the same time base as the random pulse display 

Electronics [ June 28, 1965 

significantly from its d-c load line. To keep the a-c 
gain from changing with wide changes in load, the 
input im~Jedance of Q 2 should be sufficiently large 
with respect to the highest value of R1• 

An auxiliary output exists at ee2 , which is not in 
the gain-controlled loop. It may be used, however, 
as a high-gain amplifier in an automatic gain-con
trol (age) loop to vary the gain of Q 1• 

The gain of Q 1 varies linearly as the reference 
voltage E 1, 3• In the breadboard circuit, V cc was 
doubled ; the a-c voltage gain at ee1 varied linearly 
over this range. 

' Vith the option of two outputs-eel and e,.2-

and two gain-controlled inputs-Vee and Eb:~-the 
circuit has applications as a modulator, demodu
lator, temperature-stable high-gain amplifier, mul
tiplier or a divider. 

OSCILLOSCOPE A 

RANDOM '"" 
PULSE 
INPUT 

PHOTODIODE 

I 
BRIDGE 

OSCILLOSCOPE B 

EXTERNAL 
TRIGGER 

~--~INPUT 

Oscilloscope A is adjusted to trigger a sweep at the 
voltage level of selected pulses whose frequency will 
be measured . The waveshape is displayed on the scope 
for each pulse amplitude equal to or greater than 
the trigger level. The waveshape display illuminates 
a photoconductor in the detector circuit, which 
causes a blip to appear on oscilloscope B. Average 
frequency of these blips is the average frequency 
of the selected pulses, and can be determined by 
counting the number of blips per sweep period. 

-l 
8.4 v-==-
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Detector circuit becomes unbalanced when 
a light from pulse waveshape displayed 
on scope A illuminates the photoconductor. 

on scope A, may be used to excite the photocon
ductor to provide constant detector output. 

Variable resistor R balances the detector at 
quiescence and also is a sensitivity control. Max
imum sensitivity is obtained when R is adjus ted 
to equal the d-c resistance of the photoconductor 
under ambient light conditions. 
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Avionics 

Low light tv sees in the dark 
better than the human eye 
All branches of the military are looking at systems 

that don't even need starlight to pick out the enemy 

By W.J. Evanzia 
Avionics Editor 

The two pictures on the opposite page would never 
win a prize in a photography contest, but they 
might show how to win a battle. The photo at left, 
taken in dim light with an ordinary tv camera, 
shows an innocuous and apparently uninteresting 
patch of woods. That those woods are both inter
esting and dangerous is proved by the picture at 
right. 

The tank's presence was betrayed by a low light 
level tv system using a red filter with a General 
Electric Co. image orthicon. The tube, which has 
a photocathode sensitive to the wavelength of 
visible light-0.38 to 0.8 microns-is however, ten 
times as sensitive as the human eye. GE claims that 
the tube has a resolution of 300 tv lines at 10-r. 
footcandles. 

Since starlight alone is about equal to 10-4 

footcandles, it is clear that low light television 
offers great promise to the military. And in fact 
all three services are studying such systems. Re
searchers at Wright-Patterson Air Force Base in 
Dayton, Ohio, are particularly interested in low 
light tv for counterinsurgency aircraft. 

The Navy wants to use low light tv as a support 
for night marine landing operations, shore bom
bardment and artillery spotting. It is already using 
an image intensification system to aid night land
ings on carriers. The Pilot Landing Television sys
tem (PLAT), is an image intensifier coupled to an 
orthicon tube; deck officers use the system as a 
nighttime landing aid. The Ampex Corp. in Red
wood City, Calif. has delivered 25 PLAT systems. 

Army engineers at Ft. Belvoir, Va. are now en
gaged in research in low light level amplifying 
devices. These devices vary from image intensifiers 
which clip on to rifles, to more sophisticated squad 
transported television systems. 

The clip-on image intensifier [Electronics, April 
20, 1964. p. 32] f"~ n ~ ic;ts nf a glass membrane coated 
on the inside with a silver oxide-cesium film con-
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taining several additive materials. When struck by 
photons, the film emits electrons into an evacuated 
tube. Here a ring-and-disk system of electron op
tics creates a magnetic field to focus the electrons 
on a green-white phosphor screen and form the 
target picture. The intensifiers are being made by 
1achlett Labs. in Stamford, Connecticut. 

Flying tv camera 

The Radio Corp. of America's Aerospace division 
at Burlington, Mass. is working on several low light 
level tv systems. One of these, a night visual 
search and tracking sub-system, is designed for 
aircraft operation at from 500 to 5000 feet, at 
speeds up to 300 knots. In-flight evaluation of the 
engineering model began on May 24 of this year. 
Although designed primarily for use aboard fast 
reconnaissance planes, it can also be used aboard 
slower propeller types-such as the Cessna 310 
-or on helicopters. 

The RCA camera is mounted in an X-Y gimbal 
system, which permits the camera to be rotated 
±70 degrees and elevated from -30 degrees to 
+5 degrees. The camera assembly contains the 
lens, h1be, and all the elech·onics, including the 
high voltage supply for the tube, the synchroniza
tion circuits and deflection coils. The only external 
connections on the camera assembly are video and 
sync outputs, which feed a 5-inch kinescope with a 
red filter in front of the pliot, and a larger, 14-inch 
display for the observer. The camera also provides 
positional error information for the automatic track
ing circuits. 

Removing smear 

'Vhen television cameras are mounted on high
speed aircraft, they are subject to the same motion 
problems that beset other reconnaissance cameras. 
Especially troublesome is picture smear, which is 
due to the relatively high angular rate of change 
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The value of low light level television is shown clearly by these two photographs of the same patch of woods. 
Picture at left is a Polaroid snapshot of the image produced by an ordinary tv camera at dusk. The woods 
appear almost inviting. But the photo at right, taken of the same screen when a GE low light image orthicon 
with a red filter was producing the signal, tells an entirely different story. The GE camera , now in 
prototype production, operates over an illumination range of 10° footcandles (10' to 10-•). The latter level 
is dimmer than starlight, which is about 10-• footcandles; and the camera has detected images at a level of 10-7 

_footcandles, which to the ordinary soldier is pitch blackness. Another example of the GE orthicon is shown on page 82. 

between the aircraft and a point on the ground. 
For example, the rate of change a plane flying at 
300 knots at an altitude of one mile is about one 
radian per second. Therefore, a new image appears 
on the picture tube target before the old one is 
completely erased. This problem is solved in some 
airborne camera systems by moving the film at an 
angular rate equal to that at which the plane is 
passing over the ground. The problem is more diffi
cult in a forward-looking tv system, however, be
cause each horizontal scan line requires a different 
amount of image motion compensation. 

Automatic h·acking circuits have been designed 
to reduce smear in such system [Electronics, May 
3, 1965, p. 32]. In the RCA system, the observer 
manually locks the camera's tracking circuits onto 
a particular target of interest in his field of view. 
The tracking controls then regulate the position of 
the gimbals. With this technique, target smear is 
practically eliminated. 

Light intensity 

Low light level television systems must be able 
to take pictures anytime between twilight and 
dawn, during which the light level may vary be
tween 10-1 and 10-4 footcandles. 

In the RCA system, the average level of the video 
output from the tube is fed back as a control signal 
to change the voltage on the intensifier section of 
the tube, thus increasing or decreasing the light 
output as required. However, this is a scene-to
scene type of control, and there still remains the 
problem of variation of light intensities within 
each individual scene. At times, lighting contrast 
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may vary as much as 1000 to 1. 
The system has 525 scanning lines and a video 

bandwidth greater than 10 megacycles. The frame 
rate is standard (30 frames per second), and the 
operator has the option of operating the set in 
either an interlaced or noninterlaced mode. (In 
interlaced scanning, the odd and even-numbered 
lines of a picture are transmitted consecutively as 
two separate fi elds. These are superimposed to 
create one frame, a complete picture, at the re
ceiver. The effect is to double the apparent number 
of pictures and reduce flicker). 

Looking around 

The tv optics must not only capture as much 
light reflected from the targets as possible, but 
also provide the best possible field of view. Because 
reconnaissance tv cameras would need the ability 
to "see" wide areas as well as focus on particular 
targets , RCA engineers conducted a series of ex
periments to determine the optimum systems re
quirement. They found that a lens with a 4 to 1 
zoom ratio, varying the field of view from 28° to 
7°, provided the highest over-all detection capa
bility. 

Few controls 

The RCA system has only three manual controls: 
a system on/ off switch, a display brightness con
trol, and a hand-held positioning control for the 
tracking gates on the target acquisition display. 

The hand-held control operates in two modes, 
manual and automatic. When the switch is pressed, 
the first mode-acquisition-allows the camera 
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Gun mounted image intensifiers help soldiers to see in the dark without revealing their presence. 

gimbals to be moved manually so that the operator 
can electronically superimpose the cross-hairs of 
the tracking gate over the target on the display. 
When the button is released, mode two-automatic 
tracking circuits-take over and continuously point 
the camera at the target. 

Choice of tube 

No tube yet exists that satifies all detection re
quirements. RCA has designed its system to accept 
either of two tube types. Both, they say, look 
promising. 

One is the SEC (Secondary Electron Conduction ) 
vidicon; the other is the intensifier squared vidicon 
(FV). The SEC vidicon has less promise for mili
tary applications because its sensitivity is typically 
only 10-:i foot candles, although it does have the 
fastest erasure speed. But because the SEC vidicon 
is easily packaged in small, compact units, it has 
been chosen as the tv camera tube for the lunar 
explorers in the Lem module. 
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The SEC vidicon contains an S-20 photocathode, 
a target of aluminum oxide and potassium chloride, 
and a standard vidicon gun. Magnetic fi elds are 
used to focus photoelectrons and reading beam 
electrons onto the SEC target as well as to deflect 
the reading beam. 

Photoelectrons having an energy of about 10,000 
electron volts penetrate the AL20a and dissipate 
their energy in the KCI, creating low-energy sec
ondary electrons. This differs from standard vidi
con operation in that conduction through the target 
is achieved by free electrons rather than controlled 
electrons in the conduction band. 

Stacked intensifiers 

The FV has two electrostatically-focused intensi
fier units, each with a gain of 40, stacked in front 
of the tube. A target-especially a camouflaged 
target-may exhibit little contrast against its back
ground. The intensifier-tube combination increases 
the signal-to-noise ratio, resulting in higher detec-
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Three image orthicons made by RCA for low light level tv. The bottom tube is a 2-inch model, the 
middle a 3-inch tube, and the top a 3-inch tube fitted with a two-stage image intensifier section. 

All the circuits for RCA's airborne camera are contained within the same tubular shell that houses the tv tube. 

tion and resolution capability. 
To minimize loss , fiber optics transmit the light 

from the intensifier to the vidicon. With this tech
nique, system resolution is only degraded about 
5%, while the system as a whole is 300 times more 
sensitive than vidicons without intensifiers. 

Tube comparison 

In performance, the SEC falls short of other vidi
con tubes. It does not have the ability to detect 
targets at light levels of 10-4 footcandles with a 
sufficiently high signal-to-noise ratio to make the 
information usable. At such levels , objects with 
poor contrast to their background are lost; further, 
if a scene's illumination is of the order of 10-4 

lumens per square foot, the reflected light is only 
of the order of 10-5 foot-lamberts. 

Orthicons are about a thousand times more sen
sitive than vidicons, but are not as rugged. Orthi
cons cannot be operated while vertically mounted, 
while vidicons are unaffected by position. Orthi-
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cons are larger, and require heavier, more un
wieldly mounts than vidicons, and need more com
plex adjustments. In addition, the orthicon is more 
sensitive to temperature variations. For these rea
sons, vidicon h1bes are preferred by the military. 
Intensifier vidicons can operate at light levels as 
low as 10-4 or 10-5 foot candles. 

Image squared orthicon 

RCA is working on an image squared orthicon, 
which like the FV, is used with two image inten
sifiers. RCA expects an FO h1be to be able to detect 
light levels of 10-9 lumens per square foot. 

RCA has also succeeded in combining an image 
intensifier with a vidicon in the same envelope. 
This means a system with inherently higher sensi
tivity and ruggedness, better resolution and less 
transmission loss. 

The RCA airborne camera, with its lens and all 
of its electn:mics (excluding displays and tracking 
circuits), fits into a package 4 inches in diameter 
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GE engineer makes final adjustments on the control circuit for a low light level camera. 

and 18.5 inches long and weighs only 17 pounds. 
The camera uses both discrete components and 
integrated circuits. 

Automatic beam control 

The GE system, now in prototype production at 
the company's Light Military Electronics depart
ment in Utica, N. Y., uses a unique intensity control 
and a new, more sensitive, image orthicon. The 
control, called automatic beam control (ABC) 
[Electronics Feb. 22, p. 46], combined with auto-
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matic filter control, enables an orthicon camera to 
be operated over an illumination range of 109 (10~ 
to 10-~) footcandles. The tube can detect light levels 
as low as 10-7 footcandles. 

Designed as a wide band servo amplifier with 
high dynamic range and a 200 nanosecond re
sponse, the automatic beam control varies the 
intensity of the readout electron beam as it sweeps 
the target. Ordinary orthicons have a practical 
dynamic range (measured at the target) of about 
26 db; this is increased to approximately 78 db 

Another example of the General Electric Co 
low light level tv in action . The faint ambient 
light in the photo at left was necessary to 
take the picture. The shot above shows 
how the model looks on the monitor. 
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by the automatic beam control circuitry. 
The intensity control improves the latitude of 

the system (range of brightness above and below 
the average that the tube can accommodate). ABC 
minimizes fading, protects against jamming from . 
extraneous light, and may eventually make pos
sible a fully automatic camera. 

Preventing 'bloom' 

The output signal from the image orthicon is 
sampled by a computer logic circuit to establish a 
reference voltage, which is a measure of the in
stantaneous charge on the camera's target. This in 
turn is used to adjust the readout beam current for 
optimum erasure between frames. If the beam cur
rent is not large enough for complete erasure, the 
charges will build up on the target from frame to 
frame, and evenhially spill over others parts of the 
image. The result is washed-out and sometimes 
completely obliterated picture. This effect, referred 
to as "blooming'', is minimized because the readout 
beam continuously follows a preset curve (optimum 
for low and high light levels). 

Television cameras are extremely sensitive to 
sudden spots of bright light. Were the camera 
adjusted to accommodate these bright lights, much 
detail in a scene would be lost; and if the camera 
were adjusted to compensate for the darker areas, 
the bright spots would bloom and obliterate the 
picture information. Latitude adjustment is usu
ally performed by a sh1dio cameraman on a scene
to-scene-basis. Now the fast response time of Gen
eral Electric's automatic beam control makes point
to-point brightness control automatic. 

Arrow in the dark 

The human eye could not see a white arrow sus
pended by a black thread in an almost pitch black 
room, even after 30 minutes of adaptation. But pho
tons emitted by the arrows are easily picked up by 
the orthicon's S-20 photocathode. 

The photocathode releases electrons that travel 
part way down the h1be, sh·ike a sensitive mag
nesium oxide target, and form the image of the 
arrow on the target's surface. Each electron that 
hits the target releases 10 to 15 more electrons 
from the target material. Meanwhile, the image 
which has been formed on the target is being 
swept by an electron beam from a gun in the neck 
of the tube. An electron multiplier intercepts the 
return beam and amplifies it a thousand times. 
Additional video gain of 1000 is provided in cir
cuits following the electron multiplier. 

As the orthicon's beam sweeps across the tar
get image, the intensifier of the moving spot is 
controlled by a grid (in front of the target) which 
is regulated by the automatic beam control. This 
feedback loop senses the demand for more or 
fewer electrons; and since it has a response time 
of 200 nanoseconds, it is able to control light in
tensity at any position of the beam as it sweeps 
the screen. 
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As the video signal emerges from the ABC cir
cuitry, it is sent to conventional automatic gain 
control circuits. Then the picture is displayed on 
a monitor that may be an integral part of the cam
era system. 

Circuit timing is provided by a sync generator, 
or clock. The generator triggers horizontal and ver
tical sweep amplifiers for deflecting the beam in 
the camera tube. The sync generator also triggers 
a blanking generator that supplies horizontal and 
vertical blanking signals to both the tube and 
video processor during the retrace cycle. Horizontal 
and vertical sync drive signals are also provided 
by the sync generator to the monitor for non
composite video operation (picture signal, blank
ing and synchronizing signals separate). A com
posite video output is provided where direct hori
zontal and vertical drive is not desirable. 

Compact electronics 

A cylindrical shell about 5 inches in diameter 
and 28 inches long (with optics) and weighing 
about 27.5 pounds houses the video electPonics 
and image orthicon. The power converter, sync 
generator, vertical sweeps, and filter programer 
are housed in a separate control unit. The control 
unit also has the manual controls required for in
itial alignment. 

At present, the prototype sets use discrete tran
sistor circuitry exclusively, although studies to 
incorporate integrated techniques are under way. 
The image orthicon is suspended in the center of 
the cylinder with the front (optics and intensifier) 
exposed through the forward vertical wall. Re
sistors, capacitors and transistors are wired point
to-point on component boards, which wrap around 
the tube. Power supply and video output connec
tions are made through the side of the cylinder. 
Another design using integrated circuits in T0-5 
cans is being developed for airborne and space 
applications. 

Tv in space 

Low light level television has applications other 
than purely military; it is also scheduled for test
ing on Gemini flights in 1966 and 1967 [Elec
tronics, April 5, p. 106]. During orbital flights, 
astronauts pass from darkness to daylight about 
30 minutes. Low light level tv can relieve their eyes 
of the strain of becoming light- and dark-adapted, 
since the tv monitor will provide an image of con
stant illumination. Further, the camera lens will 
actually see more than the astronaut's unaided eye. 

For the battlefield, low light level tv has been 
thought of as a counterinsurgency weapon. It can 
complement the tactical radar systems now under 
development [Electronics, May 17, p. 103]. In the 
air, it can be useful for both reconnaissance and 
strike missions. For the military, which can never 
know too much about where the enemy is and 
what he is doing, the low light level systems may 
get the highest tv ratings of all. 
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Instrumentation 

Measurement of stored charge in diode 
clearly defines switching speed 

New technique provides direct, accurate reading, eliminates 

ambiguities and complexities of method employing reverse recovery time 

By T. Peter Sylvan 
General Electric Co., Syracuse, N.Y. 

The development of faster diodes to meet the needs 
of high-speed logic circuits has increased the prob
lems of measuring and specifying diode switching 
sp<'cds. The present method is based on the reverse 
recovery time of a diode-the time required for the 
rC'VC'rse current to decay to 10% of its original 
value after the diode is turned off. Measuring re
verse recovery time, however is a complex task 
that requires expensive sampling oscilloscopes; and 
the results exhibit poor reproducibility-that is, 
the tes t cannot be repeated with any assurance 
that the same results will b e obtained. 

The stored charge on a diode offers a better 
standard for determination of switching speed. 
This charge acts as a barrier to current reversal, 
and its measurement yields a number that can 
serve as an index of th e diode's sneed: the larger 
the charge, the slower the speed. The charge can 
b e measured direc tly, with inexnensive equipment, 
and the measurments are highly reproducible. 

Minority carrier charge 

The forward current in a semiconductor diode 
is carried by minority carriers, either holes in the 
n-type or electrons in the p-typc. These carriers 
and their response to ex ternal excitation are basic 
to the operation of semiconductors. They are in-

The author 
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jected into the adjacent semiconductor material 
by the potential across the junction. At equilibrium, 
a total minority carrier charge, Qtot will be present 
in the diode at a given value of forward current, 
I1,. The value of Qtot is dependent upon the magni
tude of IF, the distribution of impurities in the vicin
ity of the junction, the width of the semiconductor 
material and the lifetime of the minority carriers 
(the time required for these carriers to recombine 
with those of the opposite polarity) in the semicon
ductor material. To a first approximation, Q, 0 , is 
directly proportional to the forward current be
cause the lifetime of the minority carriers in the 
semiconductor material can b e controlled in manu
facture by the introduction of a controlled amount 
of gold, which acts as a recombination center for 
the minority carriers. The other factors are con
trolled in the design of the semiconductor. 

If a forward-biased diode is subjected to a re
verse voltage step, a reverse current flows for a 
short time because of the diode's internal stored 
charge. A typical waveform for a diode subjeded 
to a large reverse voltage is shown in the figure 
on page 85. The time required for the diode to re
cover the blocked condition , and hence its switch
ing speed, depends on the quantity of charge 
stored, the rate at which the charge is removed by 
rec.;ombination within the diode, and the magnitude 
of the current flowing in the ex ternal circuit. Tlw 
recovered percentage of Qtot is defined as the 
stored charge, Q8 . It increases as the reverse cur
rent drive is increased, but cannot exceed a certain 
maximum value determined by the structure of the 
diode. For a wide-base alloy diode, the stored 
charge cannot exceed 50% of the total minority 
carrier charge, while for some types of snap-off 
diodes the percentage of the total recovered charge 
can approach 100%. 

When an unbiased diode is subjected to a reverse 
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voltage step, reverse current How s as a result of 
the charging of the junction barrier capacitance, 
the stray capacitance and any test jig capacitance 
that may exist. The capacitance charging current 
is shown by the lower amplitude curve in the 
figure at right. To a first approximation, the capaci
tive charge is independent of the initial forward 
bias current since the initial and final voltages 
across the diode are the same. 

The stored charge, Q8 , is the recovered minority 
carrier charge measured under circuit conditions 
chosen to maximize the recovered charge. The ca
pacitive component of measured charge can be 
eliminated by taking the difference between the 
total recovered charge at two different values of 
forward bias current. This allows the diode switch
ing speed to be characterized under all operating 
conditions. 

Testing for stored charge 

Conventionally, the stored charge of a high
speed diode is measured with a sampling oscillo
scope and an X-Y recorder. The diode is placed in 
a suitable test jig. In some cases it may be neces
sary to reduce the effective source and load im
pedance of the test jig to satisfy the requirements 
for a high reverse current drive. The pulse generator 
used should have a rise time which is as fast as 
possible. The reverse recovery characteristic of 
the diode under tes t is recorded both at zero bias 
voltage and at the required forward bias current 
using the sampling oscilloscope, which is also con
nected to the X-Y recorder. 

The figure on the right illustrates a typical re
cording of this type. Current and time calibration 
marks are made on the same recording. The area 
under the two curves is then obtained using a 
planimeter or by counting squares, and the differ
ence between the two areas is taken to obtain Q8 . 

This corresponds to the unshaded area shown in 
the figure and is equal to 69 - 8.5 picocoulombs, 
or 60.5 picocoulombs. 

Measuring stored charge directly 

However, it is now possible to measure stored 
charge directly without elaborate circuits and com
plex integration techniques. The basic circuit for 
direct measurement of stored charge is shown in 
the figure at the right. The diode under tes t is for
ward-biased by the current flowing through the 
bias current meter MF, R1 , and the diode, D1. A 
positive pulse at a known frequency is coupled 
from the pulse generated through C1 to the test 
diode. This pulse reverse-biases the tes t diode 
and the stored charge Hows through the diode 
D2 into integrating capacitor C2 and the ouput 
meter M0• With forward current flowing, output 
current h is proportional to stored charge, capaci
tive charge, and leakage current. Algebraically, 

(1) 

where f is the pulse frequency, VP is the pulse 
amplitude, C'avg is the average capacitance of the 
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Test circuit for measuring stored charge in a diode can 
be constructed using standard components that are 
readily available to the test engineer. 
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Waveform of a forward-biased diode subjected to large 
reverse voltage step. The response of the diode when 
unbiased, (curve of lower amplitude), is the result 
of junction barrier, stray and test jig capacitances. 
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To eliminate this capacitive component of stored charge, 
the area between the response curves of the unbiased 
and forward·biased diode must be found. This area 
is representative of the stored change. 

test diode and test jig over the voltage range from 
VF to VF - VP· VF is the forward voltage of the 
diode under test at a forward current of IF, tp 
is the pulse width, and I,. is the reverse leakage 
current of the diode under test measured at a 
reverse voltage equal to V p. If the voltage across 
the test diode is set to zero by adjusting Vi, the 
current I 1 through output meter is proportional to 
the capacitive charge and the leakage current: 

11 = JV PC avg +ftp/ , (2) 

where Cavg is the average capacitance of the diode 
under test and test jig over the voltage range from 
0 to - Vp. 

The stored charge is obtained by taking the 
difference between equation 1 and equation 2 and 
dividing by the frequency, f. The stored charge 
is thus determined by the equation 

(3) 

Note that there is a component of capacitive charge 
contained in the definition of equation 3 since 
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C'.,·g and C avg are not equal as a result of the de
dependence of the junction barrier capacitance on 
voltage. Therefore, it is possible for a diode with 
no stored minority carriers to have a finite meas
urable stored charge. This compromise in the 
exact definition of stored charge actually simplifies 
the measurement of Qs and relates it more closely 
to active circuit conditions. The voltage excursions 
to which diodes are subjected in most switching 
applications are generally greater than the forward 
voltage drop of the diode. Hence the stored charge 
due to minority carriers and the capacitive com
ponent are inseparable. But this is really not im
portant to the circuit designer, since he is inter
ested in the total effect. 

Since the value of Qs as defined above depends 
on the difference between two bias conditions, it 
reduces the dependence of the measurement on the 
pulse voltage, the stray capacitance and the reverse 
leakage current of the diode under test; thus it 
provides a more significant parameter for char
acterizing the diode. Effects of leakage current, 
junction capacitance, pulse amplitude and pulse 
width can be considered separately by the designer 
when estimating diode performance in a given 
circuit. 

Precautions required 

Certain precautions that must be observed when 
building and using the test circuit shown in the 
figure on page 85, particularly when making meas
urements on high speed diodes. The time constant 
R1C 1 should be large compared to the pulse width 
to maintain constant voltage across the test diode 
during the pulse. Also, the output impedance of 
the pulse generator and the rise time of the pulse 
should both be as low as possible to ensure max
imum recovery of the available stored charge from 
the diode under test. A sharp "front corner" is 
required on the pulse, or the diode under test will 
be reverse-biased for an appreciable time before 
the voltage at point A has become sufficien tly pos
itive to bias diode D2 into conduction. This would 
result in a portion of the available stored charge 
being lost through recombination within the diode. 
The top of the pulse should be as flat as possible, 
with a minimum of overshoot or ringing. 

Diode D 1 passes the forward current of the diode 
under test between pulses. It should have a low 
reverse leakage current and a much smaller value 
of stored charge than the test diode. A regulator 
(avalanche) diode with a low dynamic impedance 
in the breakdown region and a low capacitance 
below the breakdown region can be used for D1 
for low stored charge measurements. 

During the pulse, diode D 2 passes the stored 
charge of the test diode to capacitor C 2 and the 
meter. The large pulse of current flowing through 
D 2 makes it necessary that both the turn-on time 
and the forward voltage drop of D 2 be as small as 
practical. To prevent the loss of measured charge 
through D 2 at the end of the pulse, the reverse 
recovery time of D2 should be much shorter than 
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Correlation between reverse recovery time measurement 
and stored charge measurement techniques is shown in 
the top graph. Deviation from the straight line which shows 
exact correlation is largely due to the reverse recovery 
time measurement. This is illustrated in the lower graph, 
a correlation plot of reverse recovery time measurements 
on the same group of diodes for two test conditions. 

the minimum pulse width. 
Capacitor C2 provides a low-impedance path for 

the stored charge flowing from the diode under test 
through D 2 during the pulse. Its value should 
be large enough so that there is no appreciable 
voltage drop across it during the pulse. In addi
tion, the current meter used should be of a type 
which has a low input impedance so there is no 
appreciable voltage drop across it when making 
a stored charge measurement. Doubling impedance 
of this meter should not change its reading by 
more than the required measuring accuracy. 

Capacitor C3, which includes the capacitance of 
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the test jig, serves to forward-bias the diode D2 
at the beginning of the pulse so that the full charge 
of the diode under tes t can flow through D2 rather 
than being partially lost by charging the capaci
tance between point A and ground; the size of 
c~ is adequate when a small current flows through 
the output meter when the diode under test is 
removed. However if C3 is too large, it increases 
the rise time of the pulse generator. 

To ensure recovery of the maximum amount of 
stored charge from the diode under test, the induc
tance of all the circuit loops should be kept to a 
minimum by careful circuit layout and choice of 
components. 

Voltage source V 2 should be adjusted so that 
constant voltage at point A is maintained under 
each test condition. If this is not done, the voltage 
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at point A will change with the forward current 
through diode Di, owing to its finite resistance. 
The amount of charge required by the capacitance 
between point A and ground also changes, resulting 
in an error in the reading of Q8 • V 2 is normally 
adjusted so that the voltage at point A is -0.6 
volts with respect to ground. Slight changes in 
the voltage at point A can compensate for minor 
variations in the parameters of the test circuit to 
achieve better uniformity in the stored charge 
measurements on very high speed diodes. 

Some further improvements 

The measurement method described above is 
somewhat tedious. It involves taking measurements 
at two bias conditions, adjusting V 2 to maintain 
the voltage at point A constant and taking the 
difference between the two output current readings. 
To overcome this , an operational amplifier can be 
used to sense the voltage at point A and adjust the 
voltage at V 2 to keep the voltage at point A con
stant. The bias current for the diode under test 
can be chopped between the two specified values 
and the output current can be synchronously de
modulated to provide a direct indication of Q8 . 

The chopper technique also eliminates a zero 
adjustment on the output meter. Incorporation of 
these techniques in the basic stored charge tes t 
circuit has permitted the measurement of Qs to 
be made on a simple "plug in and read" basis. 

In most cases, only the diode forward current 
and the pulse amplitude are needed to establish 
the stored charge measurement conditions. How
ever, to ensure reproducible measurements on high 
speed diodes, it is frequently desirable to have 
additional information: pulse width, pulse gener
ator output impedance, pulse rise time (1 % to 
50%) the stored charge of Di, forward recovery 
time of D 2 , high current forward voltage of D2, 
and the stored charge of D2• 

Verification 

Measurements of the stored charge have been 
performed on a wide variety of diode types ranging 
from ultra-fast hot-carrier diodes to very slow 
silicon rectifier diodes. For high-speed silicon com
puter diodes measured on independently calibrated 
stored charge test equipment, the reproducibility 
of Qs readings was found to vary by no more than 
1 % to 5%. This contrasts with a variation of 5% 
to 40% for reverse recovery time measurements. 

Variation of measurement on the same stored 
charge equipment is generally less than 1 %, while 
the short term stability of readings generally is 
better than 0.01 %. Stored charge measured with 
the previously described sampling scope technique 
generally agrees with the direct measurement to 
within 2%. For example, a measured value of 
stored charge for the diode shown in the figure 
on page 85 was 62 picocoulombs, compared with 
the value of 60.5 picocoulombs obtained by in
tegration of the wave form. 

Correlation between stored charge and reverse 
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M·easurement of stored 
charge in transistors 
The same test circuit used to measure the stored 
charge on a· diode can also be used to approximate the 
stored' charge parameters of a transistor by use of the 
diode connections shown in the figure below. The 
base-emitter diode connection and the base-collector 
diode connection shown in A and B can be used to 
determine equivalent minority carrier lifetimes in the 
emitter and collector junctions of the transistor. These 
measurements have been found to be useful for 
transistor design purposes, but are of limited value for 
transistor characterization and circuit design. 

The connections shown in C and D approximate 
the operation of the transistor in the saturated state 
and thus give a figure of merit related to the satura
tion time constant, T•- The connection shown in D 
will give the closer approximation to the saturated 
switching condition since the bias current flows en
tirely through the emitter junction while the diode per
mits the minority carrier stored charge to be with
drawn through both the emitter and collector termin
als. Measurements made using the connection shown 

0 

0 

B 

In (0) have been found to be useful in predicting the 
trigger thresholds of saturated flip-flops. 

The connection of E biases the transistor in the 
active region at lower current levels and gives a figure 
of merit which is related to cut-off time, T eo as well as 
to current gain-bandwidth product, h. 

Stored charge measurements on medium speed ger
manium transistors have been made, and good corre
lation with both r . and T eo has been found. Special 
circuit configurations were used, which permitted the 
transistor to be biased at any desired current and volt
age level. No correction was made for the capacitive 
component of charge, but transistor switching speeds 
were low enough so that the resultant error would 
have been small. 

Further work will have to be done to evaluate the 
usefulness of stored charge measurements for charac
terizing very fast switching transistors. The objective 
of such an evaluation should not be merely to deter
mine the correlation between the stored charge param
eters and the conventional transistor switching time 
parameters, but to compare the relative usefulness of 
the stored charge parameters versus the switching 
time parameters with respect to the practical require
ments of circuit design and production control. 

Five diode connections of a transistor allow the measurement of stored charge 
characteristics to be made and be related to transistor switching parameters. 

recovery time trr is usually within the limits of 
uncertainty in reading the reverse recovery time 
(5% to 40% ). A correlation plot of Qs versus trr 
for high-speed silicon planar epitaxial diodes is 
shown in the upper graph on page 86. To illustrate 
that the deviation from exact correlation is pri
marily due to the trr measurement rather than the 
Qs measurement, a correlation plot of t,.,. for two 
different tes t condititons for the same group of 
diodes is shown in the lower graph. 

The assumption is frequently made that measure
ment of t,.r at one particular test condition will 
assure adequate performance of a diode in a switch
ing circuit. The lower graph indicates that large 
uncertainty in such a relationship exists and that 
its magnitude is greater for faster diodes. Much 
of the dispersion in the data of the graph is a 
direct result of the nature of the reverse recovery 
time measurement itself. Small discontinuities or 
mismatches in the diode test fixture may produce 
large distortions in the diode current waveform 
in the region of interest. These distortions result 
in significant differences in the measured values 
of t,.,. for the same diode in different jigs, despite 
care in the construction of the jigs to ensure uni
formity. In the measurement of stored charge on 
the other hand, this problem is avoided since the 
reverse recovery waveform is integrated and the 
effects of small distortions in the waveform are 
therefore minimized. 

The measurement of stored charge provides the 
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Reverse recovery time, t,, is measured between the turn 
off point to to point where reverse recovery current, Inn 
is 10% of the turn-off current In, which is equal in 
magnitude to IF, the forward bias current. 

circuit designer with a single, well-defined figure, 
which is easily obtainable, as an index of a diode's 
switching speed. The test circuit for stored charge 
measurement is simple and relatively inexpensive; 
direct meter readout is possible even with high 
speed diodes, and the use of sampling scopes is 
avoided. Errors due to reproducibility of measure
ment are no longer a problem as with reverse 
recovery time measurement. In addition, for fast 
circuits which are charge-sensitive rather than 
waveform-sensitive, stored charge is a parameter 
which can be used directly in the analysis of the 
circuit. It is also possible, with this technique, to 
make comparative readings of stored charge on 
ultrafast diodes, which cannot be measured on 
the fas ter sampling scopes. 
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K-5 
biotelemetry 
transmitter 

before 
encapsulation. 
Inductor coil is 
printed circuit 

at rig ht. Entire 
unit, when 

fini shed , will 
be 8 mm in 

diameter 
by 2 mm thick. 

Medical electronics 

The special world 

Fully assembled K-5 
transmitter is 
connected to battery 
at left with twisted 
lead pair in tube. 
Lower unit is 
encapsulated and 
ready 
for use. Size is 
demonstrated by 
comparison with 
aspirin tablet 
in center. 

of biotelemetry design 

Unusual solutions were needed to satisfy the unique requirements 

of implant transmitters. Part 2 of a two-part series 

Wen H. Ko and Lloyd E. Slater 
Case Institute of Technology, Cleveland 

To design systems that can be implanted in a hu
man body to assist, or even replace, vital organs, 
an elec tronics engineer must blend his technology 
with an understanding of biology and surgery. Be
cause few people have the necessary knowledge, 
progress has been slow. Still , during the past four 
years at the Case Institute of Technology, bio
engineers-a new name for a new breed-have 
developed a 0.4-gram implant transmitter, a six
channel multiplex biotelemetering system and a 
radio-frequency powered implant unit. In coopera
tion with physicians they have also improved the 
packaging techniques and surgical methods re
quired for successful long-term implantation. 

Implant-transmitter design 

After considering the magnitude, frequency, and 
impedance levels of the biophysiological signals of 
interest, the design of general-purpose implant 
transmitters must satisfy a unique set of perform
ance requirements. 

• Because the body reacts adversely to foreign 
matter that is either implanted or externally at
tached, transmitters must be as small and light as 
possible. Typical acceptable limits are about 1 % 
to 2% of the subject's weight. For the present 
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project they were set at about one gram or less in 
weight, and one cubic centimeter in volume. 

• Most physiological information either is di
rectly sensed in the form of bioelectric potentials, 
or converted into electrical signals by a transducer. 
Either method results in low-level signals in an 
enviroment of high-level noise. This creates the 
need for transmitters with a dynamic range of 
103, maximum to minimum signal ratio, and low 
internal noise. In addition, they must have the 
proper frequency response to cover the spectrum 
of the generated information-usually from 0.01 
cycles per second to several kilocycles per second. 

• For a long useful life, the transmitter must be 

Power detector 
package before 
and after 
encapsulation. 
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Implant biotransmitter, right~presents 
three years of development which started with the 
surface-mounted unit, model K-1, left. The 
K-1 is 0.7 cc in volume and weighs 1.7 gm. The latest 
K-5 unit is 0.1 cc in volume and weighs 0.44 gm. 

designed for mm1mum power consumption. At 
Case, the target was milliwatts or less. One of the 
tasks of the research team was to evaluate or de
velop new methods of powering implanted trans
mitters so that the restrictions of battery operation 
could be eliminated. 

• Reliability is essential. The transmitter must 
be relatively free from variations in frequency 
caused by power supply fluchiations while oper
ating as an implant, or when attached to the surface 
of the body. And individual transmitters must not 
interfere with other units operating nearby. 

Frequency modulation 

To meet these requirements , the designers at 
Case selected two f-m oscillator-modulator circuits 
for further development. For low power consump
tion and low noise, tunnel diodes were chosen as 
the active oscillator element. 

Five models of f-m transmitters have been de
veloped at Case that use two types of frequency 
modulation. The models are designated K-1 through 
K-5. In the K-1 to K-3 units , modulation is achieved 
by varying the bias on the tunnel diode oscillator. 
In the K-4 and K-5 models, the oscillator tank cir
cuit resonance frequency is varied by controlling 
the capacitance of a varactor diode. 

A typical current-voltage characteristic of a tun
nel diode is shown on page 91. In segment be, the 
current decreases as voltage increases, resulting 
in a negative resistance. When biased to operate 
in this negative region, the tunnel diode may be 
used as an oscillator as in the circuit shown at the 
top of page 91. For sustained oscillation the d-c 
source resistance, Rb, must be smaller than the 
value of diode negative resistance, -Rd. The 
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frequency of oscillation is determined by the reso
nant circuit formed by C'L'R' and the tunnel diode, 
where R' represents the total resistance of the 
oscillator circuit including that caused by radio
frequency radiation. 

In the r-f equivalent circuit of the oscillator 
shown in the diagram on the next page, C is the par
allel combination of C' and the capacitance of the 
tunnel diode, Cd, at the operating point. Since the 
values of Rd and Cc1 are a function of the diode 
bias voltage, the frequency varies with bias. The 
graph at the upper right of the next page shows 
the correlation between frequency and bias and 
between frequency deviation and bias for a typical 
circuit. In the K-1 unit, a frequency deviation, (df/ 
dv), from 50 to 500 kc/mv at a carrier frequency 
of 100 megacycles was observed at the proper 
bias voltage. 

If the oscillator output is modulated by varying 
the bias of a tunnel diode operating in a region 
of constant deviation, a large frequency-modulation 
index may be obtained. As the circuit diagrams on 
page 92 indicate, the K-1 and K-2 transmitters use 
this modulation technique. A K-3 model, not shown, 
is the K-1 circuit built with thin film components. 
The measured transmitter-receiver noise level is 
about 1 µ.v in these circuits. However, they present 
design difficulties because precision components 
are required, the power supply voltage must be 
regulated within a few microvolts, the input im
pedance is low and the gain and frequency exhibit 
serious instability with temperature variations. 

Solving some problems 

The K-4 and K-5 models were designed to over
come most of the earlier difficulties. An emitter 
follower in the K-4 transmitter, and a backward 
diode in the K-5 bias the tunnel diode oscillator at 
a point where its frequency is not sensitive to 
changes in the d-c bias voltage. The a-c equivalent 
circuit of the K-5 oscillator can be reduced to that 
shown in the r-f equivalent circuit diagram on the 
facing page. The operating frequency is deter
mined by coil L, total loss resistance R, and 
the combined capacitance C, which includes the 
capacitances of the tunnel diode and the modulating 
diode D 1• The input signal varies the bias of D1 
thus modulating the oscillator frequency. 

In the K-5 circuit, the backward diode functions 
as a ternperahue-stable voltage regulator and the 
frequency stability is greatly improved. The input 
impedance is raised to above 1 megohm by the 
modulating diode. However, the modulation sensi
sitivity ( df I dv) is greatly reduced. Sensitivity may 
be improved considerably by varactor diodes with 
an extremely high capacitance-to-voltage ratio. 

A comparison of the design criteria and charac
teristics of the five transmitter models is tabulated 
in the table on page 94. 

The most recent design, the K-5 unit, employs 
many of the techniques that evolved from the four 
earlier designs. The tunnel diode used in the K-5 
unit is formed from germanium doped with 3.35 X 
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Tunnel diode oscillator, circuit at top, and its radio-frequency equivalent circuit. 
At the right, frequency and modulation-sensitivity index characteristics of a tunnel 
diode are plotted against voltage. For large modulation index, operating 
point is selected to lie in region of constant modulation sensitivity. 

1019 atoms per cubic centimeter of arsenic. Dots 
of 99% indium, l % gallium, are alloyed to the 
crystal by the strip heater process. The tunnel 
diode has a peak current of l milliampere, peak-to
valley ratio of 8 to 10 and a capacitance, C0, at 
the valley point, of about 0.5 picofarad. It is pack
aged in an epoxy pellet about 1.5 millimeter in 
diameter. 

The backward diode is formed from either the 
same type germanium crystal used for the tunnel 
diode or from 0.001 ohm-centimeter germanium 
crystal, and 2% gallium-98% indium dots. In the 
fabrication process, both the temperature and heat
ing cycles are controlled carefully to produce a 

I 

I 
I 1 
I Ri_ 
I 
I 
I 
I 
I 
I 
I 
I 
I c 

Iv o-1--
I 

Vp Vy VF 

Tunnel diode current-voltage characteristic. 
Negative resistance exhibited over segment be 
allows device to function as oscillator. Load 
line with slope 1/RL is for astable operation. 
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large-area narrow junction. The junction capac
itance at zero bias is about 3,000 picofarads. The 
bias current is about 0.8 to 1.0 milliamperes and the 
voltage between 0.16 to 0.22 volts. Its temperature 
coefficient is approximately 0.05 millivolts per de
gree centigrade. The dynamic resistance is nom
inally 20 to 40 ohms. The backward diode, D~, func
tions as a temperahue stable, low-voltage reference, 
and provides the r-f bypass capacitance, cl,. 

The modulating diode in the K-5 unit can be 
either an ordinary varactor diode or an abrupt
junction varactor diode with appropriate capaci
tance. The capacitance sensitivity of these varactor 
diodes (.:l C/ .:l v) is small. To increase sensitivity, 
hyper-abrupt junction varactors are used. It was 
also found that the capacitance of certain alloyed 
and diffused junction diodes is more sensitive to 
bias variations. The transition capacitance of a 
varactor can be represented as: 

C Cdo 
d =(Vo - Va) m 

where V 0 is the diffusion potential of the p-n junc
tion in the varactor, V0 is the applied voltage, Cdo 
is a constant that depends upon the material for a 
particular varactor and m is a constant which is 
determined by the type of varactor junction. The 
usual values for m are 1/3 for graded junctions, 1/2 
for abrupt junctions, and greater than 112 for 
hyper-abrupt junctions. 

Some of the high sensitivity diodes tested have 
an equivalent m value of 0.7 to 3.0, measured at 
200 megacycles per second. 

The bypass capacitance, D4 , in the K-5 trans
mitter, is an ordinary silicon or germanium large-
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Tunnel diode oscillator circuits used in biotelemetry transmitters designed at Case Institute of 
Technology. In the K-1 and K-2 models, the bias of the tunnel diode is varied to change the oscillating 
frequency. The K-4 and K-5 units use a varactor·diode to vary the tuned-tank circuit resonance. 

area varactor diode with zero-bias capacitance of 
the order of 200 to 1,000 picofarads. The induc
tance, L, is a gold-plated copper spiral, 6 milli
meters in diameter, printed on a :~h-inch fiberglass 
board. The resistor can be either a diffused semi
conductor type or a conventional 1/i0 - or 1h 0 -watt 
resistor. 

The multiple-chip integrated circuit technique 
was tried. However, it added nothing to the design 
of the K-5 but additional cost. High-density pack
aging is used for the K-5 units. All components 
are individually protected and tested before being 
assembled on the reverse side of the printed coil, 
L, as illustrated in the photograph on page 89. 

Guidelines for the K-5 

In the final K-5 design, sensitivity, frequency 
stability, input impedance and dynamic range were 
considered in that order. These were the guidelines: 

• The frequency of the transmitter is limited to 
less than 300 Mc because the body attenuation 
increases rapidly with frequency beyond 300 Mc. 
The lower limit of the frequency, typically 100 to 
200 Mc is set by the size and weight of the coil , L. 

• The m value of the varactor diode is deter
mined by availability, frequency stability, and spe
cified noise limits. Typical range of m is from 0.7 
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to 3.0 at the operating frequency. 
• The choice of the varactor entails a compromise 

between sensitivity and impedance. 
• Unwanted capacitances are kept to a minimum 

by packaging layout and careful selection of com
ponents. 

• Values of C,i, L/Cc1 ratio and R/Rd ratio must 
be as small as possible 

The calculated performance of the transmitter 
design is tabulated on page 96, and a summary of 
the laboratory test results of both the K-1 and K-5 
units is tabulated on page 93. The results show 
that the K-5 transmitter can be used in most bio
telemetry applications where frequency stability 
is a more important consideration than sensitivity. 
Otherwise the K-1 circuit is recommended. 

The assembled transmitter is spray-coated with 
Krylon to seal all the components. Then it is em
bedded in a hard epoxy for rigidity. Sometimes a 
ferritic powder may be mixed with the epoxy, 
resulting in a magnetic core that can be used to 
adjust the carrier frequency. In recent units, paraf
fin was used instead of Krylon as the first coat. 
Epoxy is again used for the second coat. Finally 
the transmitter is potted in silicone rubber (Dow 
Corning Medical Silastic 382), a material that is 
compatible with body tissues. Platinum electrodes 
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are connected to the input of the transmitter and 
used to sense the changes in the biological poten
tial. Extensions, known as ears, allow the trans
mitter to be sutured to the body of the subject. 

The power supply is packaged in a separate unit 
and is protected by paraffin and covered with 1 
millimeter of Silastic. Leads from the transmitter 
are coiled inside a Silastic tube (Dow Corning 372) 
for connection to the battery package. After potting, 
the transmitter is 1.1 centimeter in diameter and 
5 millimeters thick, and weighs about 0.05 ounce. 
The assembled unit, before and after potting, is 
shown in the picture on page 89. 

Rabbits and mice 

The implant transmitters were evaluated on rab
bits. The units were implanted in the animals' 
right rear quadriceps muscle. The basic problems 
encountered were medical rather than electronic. 
They included a need for developing general sur
gical techniques for rabbits , obtaining a low-tem
perature sterilization procedure, fixing the unit 
securely in position, obtaining optimum package 
shape to control connective tissue growth and de
termining the best electrode configuration. 

The partial solution of these problems was 
reported in detail on Aug. 25, 1964 by Dr. R. Grotz 
and others at the 42nd Congress of Physical Medi
cine and Rehabilitation in Chicago. 

Thirty implant operations were made to permit 
transmission of electromyograms (EMC) or the 
bioelectric action potentials of muscles of unre
strained rabbits. Continuous transmission from 
each biotelemetry unit was obtained for a maximum 
period of 10 days , limited only by the battery life. 
Implanted transmitters removed from the body 
after four months were found in good operating 
condition with only the battery requiring replace
ment. 

The illustrations on page 94 show the EMC sig
nal from an unrestrained rabbit and the EKG of a 
mouse-both obtained with an implanted K-5 
telemetering package. Signals of this quality could 
not be recorded from a subject in a natural state 
without the radio transmitter. 

Eliminating the battery 

A method of providing power to the transmitter 
by radio induction at 1 megacycle is being studied. 
A 30 x 24 x 14 inches cage has been built with 
coils wound around its outside surface. The coils 
are energized by a 150-watt power oscillator. De
signed to be implanted in subjects kept in the cage 
is a detector unit having three mutually perpen
dicular coils and rectifiers. The over-all detection 
package is a 3/s-inch diameter sphere also contain
ing the necessary filtering components. The circuit 
diagram of the detector is shown on page 96. A 
picture of the prototype design is shown on page 
89. Laboratory tests have demonstrated that the 
detector coils, though indiscriminately oriented 
within the cage, are capable of supplying 1.5 volts 
at 1.5 milliamoeres when the power oscillator out-
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put is approximately 100 watts. 
Six implants of radio-powered K-5 units were 

made. Four units placed in rats successfully b'ans
mitted heart rate and respiration data simultane
ously. Two other units were used to transmit 
electromyograms from rabbits. The data was trans
mitted continuously for periods up to two and a 
half months, interrupted only by the moving of 
equipment. It is believed that the measurements 
could have been made over the animals' entire 
lifetime. The transmitted signals compared favor
ably in quality with those from the battery-pow
ered unit. This was attributed to the fact that the 
power oscillator output had small harmonic con
tent and the power supply was regulated and 
filtered to have less than 0.01 % ripple content. 

Six-channel multiplex system 

A complete six-channel multiplex f-m/ f-m bio-

Laboratory test results of K-1 and 
K-5 transmitters 

Characteristic K-1 K-5 

Size without battery 1.3 cm x 1.3 0.8 cm dia. x 
cm x 0.4 cm 0.2 cm 

Weight without battery 1.7 grams 0.44 grams 

Power consumption 1.3·volts at 1.2 0.2 volts at 1.2 
milliamperes milliamperes 

Frequency 80-100 100-250 
(may be extended megacycles megacvcles 
from 50 to 500 
megacycles) 

System gain 8000 1000 to 4500 
(discriminator ) output 

signal intput 

System noise 0.5 microvolts 1.5 to 3.5 
(1 kc band microvolts 
in shielded room) (5 kilohms (10 kilohms 

input) input) 

Input sensitivity 1.0 microvolt 3 to 7.0 
(6 decibles signal· microvolts 
to-noise) (rms) 

Dynamic range 2x103 103 (limited by 
receiver) 

Frequency response 0.01 cps-20 kc 0.01 cps-20 kc 
(limited by 
receiver) 

Input impedance 5 to 8 x 103 300 x 103 

ohms ohms or higher 

Transmission range 5 microvolts 5 microvolts 
at 12 feet at 4 to 8 feet 
(with 4 inches (without leads) 
lead) 20 ft with 

14-db gain 
antenna 

Carrier frequency poor less than 
temperature stability 0.05% per 

degr.ee centi· 
grade 
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Electrocardiogram obtained from a mouse at 
a distance of 30 feet with the K-5 transmitter. 
Antenna loop is visible on back of mouse. 

telemetering system was designed and built in 
order to monitor several physiological signals simul
taneously. The circuit digram of the transmitting 
unit is on page 95. Designed for external surface 
mounting, the system has been used on a paralyzed 
human subject to monitor two surface tempera
tures, and one internal temperature, respiration 
rate, patient orientation, and muscle spasm. Data 
was recorded continuously over a period of 40 
hours , with the patient at a distance of 50 to 100 
feet from the recorder. The characteristics of the 
transmitting and receiving systems are shown in 
the table on page 96. 

As the circuit diagram of the transmitter shows, 
tunnel diode voltage-controlled oscillators with R-C 
filters are used as the subcarrier generators . The 
bias voltages of the six subcarrier oscillators are 
regulated by a constant current regulator. Input 
transducers are variable resistances in the con
stant current bias circuits. The transducer's re
sistance change causes a variation in the subcarrier 
frequency which in turn modulates the frequency 
of the carrier oscillator in a mixer circuit. The 
carrier frequency is between llO and 130 Mc. 

A modified commercial f-m tuner is used as the 
receiver. The output of the discriminator is sep
arated into the desired channels by a bandpass 
filter. Demodulation of the subcarrier is accom
plished by pulse-averaging discriminators. The sine
wave output of the bandpass filter is amplified, 
clipped and differentiated to generate pulses whose 
zero-crossings trigger a clamped monostable multi
vibrator to produce an output pulse of fixed ampli-
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Electromyogra m 
of unrestrained 
rabbit shows 
quality of 
transmitted 
information 
available with 
biotelemetry 
units. 

Characteristics of five f-m 
transmitters, K-1 through K-5. 

Model Design emphasis Characteristics 

K-1 low noise, high sen- 0.5 µv system noise, 
sitivity 6,000 ohms input 

impedance 
Size: 1.3 x 1.3 x 0-4 
cm3 

K-Z High input impedance 5 µV system noise, 
(use complementary 200 kilohms input 
compound transistors) impedance 

Size: 1.2 cm dia x 2.5 
cm long 

K-3 Small volume, light Thin-film version of 
weight K-1 

Size: 1 cm2 x 0.1 cm 

K-4 Small volume, light Multiple-chip inte-
weight grated circuit on 

ceramic wafer 
Size: 1.3 cm dia. x 0.2 
cm 

K-5 High impedance, 3.5 µv system noise, 
good stability, 300,000 ohms to 
simple circuitry megohms input im· 

pedance, good temp· 
erature stability, uses 
special components 
Size: 8 mm dia., 
2 mm thick 
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Six-channel multiplex f-m/fm biotelemetry transmitter uses resistive transducers to measure physiological 
phenomena. These transducers are powered in series by a constant current source and, as a result, draw the same 
amount of power from the battery supply, minimizing drain . A battery voltage monitor channel is also used so 
observer can check system without shutting it down. Six subcarriers are linearly mixed and fed to the tunnel diode 
r·f carrier oscillator. Resistances, R, through R., are carefully selected to prevent interchannel interference. 
RC filters were used to eliminate harmonics in the tunnel d iode subcarrier oscillators. Size, weight and 
power considerations prevented use of more efficient active or cascaded notch filters 
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Characteristics of six-channel 
biomonitoring system 
Transmitting system . 
Transducer impedance 200 ohms typical 

Input sensitivity * 10 ohms typical for a * 7.5% 
subcarrier frequency deviation 

Linearity of resistance- Less than *2.0% 
modulated sub-
carriers 

Time drift (after V2 hour Less than 0.5% of demodulator 
warm up) bandwidth for 24 hours at 25°C 

Thermal stability From 20°C to 40°C, subcarrie 
center frequency is stable with 
in* 1.0% of demodulator band
width; carrier frequency is 
stable within ±0.2% 

Stability with supply 
voltage 

Receiving system 
Output 

Output noise 

For a 1.0 volt drop in battery 
potential, subcarrier frequency 
is stable within ±0.2% of de-
modulator bandwidth 

±100 mv for ±7.5% deviation 

Less than 1 mv 

Linearity of subcarrier Less than * 1.0% 
discriminators 

Time drift 

Thermal stability 

Stability with supply 
voltage 

Center frequency drift for 24 
hours less than 0.25% of de
modulator bandwidth 

Center frequency stable to 
0.5% of demodulator band
width from 20°c to 40°C 

Fluctuations in line voltage be
tween 105 and 130 volts cause 
center frequency variation of 
less than ±0. 5% of demodu· 
lator bandwidth 

tude and duration. These pulses are then integrated 
to produce a d-c signal that varies proportionally 
with the instantaneous subcarrier frequency. Tem
perature compensation maintains constant pulse 
amplitude and width over the operating tempera
ture range. 

For the future 

Ahead of the bioengineers at the Case Institute 
of Technology are many more problems demand
ing solution. They include: 

• Miniaturization. The reduction in size of cur
rent designs to an implant unit weighing 0.3 grams 
or less and 0.1 cubic centimeters in volume. Par
allel reduction in size of the multiplex telemetering 
system to permit innocuous body mounting. 

• Energy sources. Further refinement of external 
r-f powering systems and the investigation of body 
fluids as an energy source, employing the fu el cell 
principle. 

• Transducers. New miniaturized transducers 
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Calculated performance of K-1 and 
K-5 transmitters 

m value of diode 
Sensitivity= df /dv 

(kilocycles per 
millivolt) 

Minimum signal 
(microvolts) 
(6 decibles signal· 
to· noise-ratio) 

R;n (ohms) 
Max. signal 

(millivolts) 
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Power detector circuit used for 
externally powering the K-5 transmitter. 

and sensors must be developed compatible in size 
with associated transmitting equipment; the great
est potential is seen in exploiting semiconductor 
effects associated with various physical and chem
ical variables. 

• Implant techniques. Further work is planned 
in placing biotelemetering equipment in body areas 
and on specific internal organs. A near-future goal 
is the study of implants in humans. 

• Body reactions. Work is planned in the study 
of r-f wave propagation within the body, surface 
reactions, and long-term effects of implants and 
surface materials in various areas of the body. 

• Stimulus systems. The design of microminia
ture stimulators based on new microelectronic de
vices is currently in progress. These units receive 
an r-f signal, shape it, and deliver a stimulus to 
the organ or tissue under study. An additional unit 
in the implant will sense the body response to the 
stimulus and relay the information to the stimulus 
controller. 
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Communications 

An electronic variable attenuator 
for use with uhf receivers 

Low insertion loss and wide dynamic range make this 

stripline-diode combination effective in preventing 

overload at frequencies from 20 to 500 Mc 

By M.F. Brown and Henri T. Pichal '~ 

Electronic Communications, Inc., St. Petersburg, Fla. 

As solid state equipment b ecomes increasingly 
prevalent in communications, automatic gain con
trol (age) becomes more and more difficult, espe
cially where a transistor is used to amplify radio 
frequencies above 200 megacycles per second. \Vith 
conventional age techniques applied to transistors , 
it is impossible to handle satisfactorily the wide 
range of input signals to which receivers are sub
ject, particularly in a military environment. 

Without automatic gain control at the radio
frequency or antenna-amplifier stages, strong sig
nals can cause severe overloading of receivers in 
the first mixer or in subsequent stages, resulting in 
intermodulation among the variou s signals present. 
In frequency modulation and multiplex transmis
sion , this effect is disastrous because modulation 
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in each subcarrier channel appears in every other 
channel. 

Although age methods are available and in use, 
the advent of high-frequency transis tors designed 
for operation as r-f amplifiers or mixers in the 
range from 100 to 500 Mc has introduced the prob
lem of restricted dynamic range. No satisfactory 
method has yet been found to provide a true gain 
control, automatic or otherwise, within a transis tor 
operating above 100 Mc, without impairment of the 
minimum noise fi gure, limited attenuation range or 
significant distortion. Especially in multiplex ap
plications, intermodulation problems are so severe 
that any attempt to control a transis tor's gain re
duces the receiver's dynamic range rather than 
enhancing it. 

Electronic variable attenuator 

An electronic variable attenuator has b een de
veloped to operate at 225 to 400 Mc b etween the 
antenna and the r-f amplifier of a receiver. It offers 
an insertion loss of less than one decibel, frequency 
coverage from 500 down to 20 megacycles, simple 
design using low-cost conventional diodes, no loss 
of signal when control voltage fails, and a dynamic 
range greater than 70 decib els. The attenuator is 
also fail-safe; it will not burn out in the presence 
of high-power transmitters or radars. And its phys
ical geometry is flexible, allowing it to b e placed 
directly into a coaxial antenna feeder. 

The use of diodes for attenuation is not new, but 
early attempts to develop an electronically con
trolled attenuator or switch were confined to using 
a diode in series with the r-f signal. To ensure a 
minimum insertion loss with that approach, a rela
tively large forward direct current was required 
to be conducted through the diode. However, every 
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isolation primarily on C", while its insertion loss is mainly a function of R, . 

----
Dz 

L ----

c 

----
-

----
03 

----

IC 
----

R-F I BYPASS 

Circuit diagram of stripline attenuator. The line's distributed contents are represented by C and L. 

diode having a large forward current capacity ex
hibits a large capacitance across its terminals when 
reverse bias is applied. Hence, the series-type diode 
attenuator, shown in the drawing above, cannot 
provide both small forward insertion loss and large 
reverse insertion loss. The r-f leakage across the 
diode's capacitance in the reverse-biased condition 
limits the attenuation range of a series diode at 
high frequencies. 

Special diodes such as the p-i-n type, with an 
intrinsic layer between the p and n layers, have 
been developed to provide better performance in 
series attenuators and switch applications, but in 
every case a compromise must be accepted. For 
example, there is danger of burnout in the pres
ence of a large r-f signal. Furthermore, where un
wanted capacitance has been tuned out by induc
tive reactances, the operational frequency range is 
severely reduced. 

These problems exist with all series-type elec
tronic switches and attenuators employing diodes. 
Such devices are also expensive, costing $150 to 
$850. The large direct current required to render 
low forward resistance also poses the risk of failure 
in equipment or system, with a loss of d-c supply. 

Shunt-diode system 

\Vith the electronic variable attenuator for which 
details are outlined, the r-f amplifier operates con
tinuously at class A, providing the receiver with 
optimum noise figure when the attenuator is in the 
off condition. Minimum distortion is ensured when 
the attenuation is in the maximum loss state. 

The attenuator shown above in schematic form 
is basically a microstrip line operating in the TEM 
mode, with five diodes placed 2.172 inches apart
one-eighth of a wavelength at 312 Mc-and each 
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grounded to a feedthrough capacitor. The capac
itor makes the diode ground plane and the actual 
ground plane on the back side common at radio 
frequencies as shown in the photographs. This 
arrangement also allows the d-c source to be ap
plied across the two ground planes that are isolated 
for direct current. 

When no voltage is applied, the diodes appear 
as capacitors having a typical value of 1.5 pico
farads. In this mode, the composite characteristic 
impedance of the line appears as 50 ohms, in which 
case the insertion loss is a minimum. The curves 
show the insertion loss at the frequency extremes 
of the attenuator, with three types of diodes for dif
ferent values of forward direct current. 

As the forward direct current is increased, the 
r-f attenuation also increases. Basically, the atten
uator is a coaxial or microstrip line in which (at 
zero direct current) the distributed capacitance 
is augmented by discrete lumped capacitance (the 
diodes) placed at distinct intervals along the line. 
This results in a total distributed capacitance per 
unit length, Gr. Attenuation occurs when forward 
bias is applied to the diodes, and the distributed 
capacitance Gr progressively gives way to the 
diodes' forward conductance. 

Aligning the diodes 

The geometrical layout shown in the photographs 
is only one of many types tried, and does not result 
in maximum attenuation. Maximum attenuation is 
obtained for a given number of diodes when the 
input and output are separated as far as possible, 
as in a straight piece of microstrip. For example, 
attenuation in excess of 70 decibels was obtained 
with a straight line employing only five diodes. 
Because of ground dislocations, slightly less atten-
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Experimental 
stripline, with 
five diodes 
spaced 
one-eighth of a 
wavelength 
apart, can also 
be constructed 
in a coaxial 
line. 

Underside of 
stripline is a 

metal surface 
to which one 
end of each 

diode is 
connected via 

feedthrough 
capacitor. 

uation is obtained with geometries other than the 
straight line. By increasing the length of the line 
and adding more diodes , the attenuation can be 
increased further, but only with an increase in the 
insertion loss at zero bias. The best geometrical 
layout depends upon the amount of attenuation 
needed, space requirements and the maximum toler
able insertion loss. 

In selecting appropriate diodes, four parameters 
must be considered: capacitance at zero bias, for
ward conduction, power-handling capacity and 
breakdown voltage_ 

Low-capacitance diodes are desirable for two 
reasons. If the diode's capacitance is too large, the 
width of the microstrip line must be excessively 
small, and small widths are difficult to fabricate 
accurately. Also, because the absolute capacitance 
change from diode to diode will be greater for 
higher-capacitance diodes, there will be a lack of 
uniformity in attenuator characteristics, especially 
in zero-bias insertion loss. 

Power-handling capacity and breakdown voltage 
are generally important only when the power level 
exceeds one watt. In this condition, diodes with 
breakdown voltages above 40 volts will suffice. 

The microstrip line 

After the diode type has been selected, the di-
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mensions of the microstrip line still must be deter
mined. To keep the approach practical, only those 
formulas and calculations are given that are neces
sary for attenuator design and construction. 

The characteristic impedance of a microstrip line 
is given by 

where µ, = magnetic permeability (equal to one for 
air and most dielectrics), ( = dielectric constant 
(equal to one for air) and Gr= total capacitance 
per unit length in picofarads per meter. 

For all of the following calculations, it is as
sumed that µ, = 1 and that glass fiber-base rnicro
strip is used (£ = 4.9). The equation reduces to 
Z0 = 0.736 X 10-8 /CT ohms. For any given Z", 
the required capacitance Gr can be found. 

CT = 0.736 X 10-s;z. pf / meter 

When Z0 = 50 ohms, CT= 147.0 pf/meter or 3.73 
pf/ in. This capacitance is made up of three parts in 
parallel: CT = Cr + cl'i' +cc1,1, where Cr = fringing 
capacitance, C"" =parallel plate capacitance and 
c dd = equivalent diode distributed capacitance. 
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Variable attenuator versus total diode current for an operating frequency of 225 Mc (left) shows greater differences in 
diode current vs. attenuation than at 400 megacyc les (right) among three types of diodes. 

The fringing capacitance is a constant, which 
can be found experimentally. A figure of 1.6 pf/in. 
is sufficiently close to use for lines with character
istic impedances, Z0 , between 30 and 100 ohms. 

Diode capacitance is fixed by the type used. 
:\fost of those tried had a capacitance of 1.5 pf. 
Lower-capacitance units can be obtained, but at 
increased cost. It was found that the diode's ca
pacitance could be considered as distributed over 
the length of the line used, without too large a 
percentage error. 

Cc1c1 = Cc1/(N-l)L pf/in., where Cc1c1 = dis-
tributed diode capacitance, N = number of diodes 
used and L = 1/s wavelength in inches at the fre
quency of interest. 

The prototype used 

The prototype line used five diodes , each with 
zero-bias capacitance of 1.5 pf per inch, therefore 
Cc1c1 = 0.865 pf in. From the relationship Cpv = 
Gr - Cr - C,,,i, C"11 = 3.73 - 1.6 - 0.865 = 1.265 
pf/ in. 

The standard formula for parallel-plate capac
itance is given by 

C,m = 0.225 € (n-l)A/t pf, where n =number 
of plates, A = area of plate in square inches and 
t = thickness of dielectric. 

For microstrip, C"" = 0.225 ( A/ t pf, or C"" = 
0.225 € W/t pf/in., where W =width of microstrip. 

Glass fiber of any thickness can be used, but in 
the developmental model T\r-inch board was used. 
To determine the width of the line needed for a 
50-ohm impedance, the equation above can be re
arranged to give w = c,,l, t/0.225 €. 

For 1\ -inch-thick board where £ = 4.9, 
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TV = (1.265) (l / l6) = 0.071!5 inch 
(0.225)(4.9) 

In summary, for a characteristic impedance of 
50 ohms, the line will be 0.0715 inch wide and 
diodes with capacitance of 1.5 pf are spaced 2.172 
inches apart on a board 0.0625 inch thick. 

Units built in the laboratory were modified some
what, because the impedance with which the at
tenuator was required to work varied from 35 to 
65 ohms. A line width of 0.0625 inch rather than 
0.0715 was found to give the most satisfactory 
results. 

Calculations for a line 0.0625 inch wide, with 
no diodes mounted, gave a line impedance of 74.5 
ohms. The measured value was 72 ohms, showing 
close agreement between calculated and measured 
values. The ground plane must be extended on 
each side of the stripline, at least twice the width 
of the line. 

When good r-f techniques are observed and a 
careful choice of diodes is made, an attenuator 
with very low zero bias insertion loss can be de
signed. A rule-of-thumb figure for attenuation is 
about 10 decibels per diode. 

In the final development model, Transitron 
SG5400 units were used. These diodes have high 
front-to-back ratio, low forward resistance, low 
spreading resistance (R.) and, at zero bias, small 
depletion-layer capacitance. Because these diodes 
also have large breakdown voltages and large 
current-handling capability, it is possible to handltJ 
r-f power levels up to 10 watts c-w without any 
significant degradation of the attenuation or of the 
attenuator's insertion-loss characteristics. 

Electronics I June 28, 1965 



Miniature Wet Slug Tantalum Capacitors 
Proved by 3,500,000 Unit Test Hours 

STANDARD RA T INGS 

Rated Rated 
DCL µa Cap Voltage 

MTPH NO. Mfd. D.C. + 25°C + 85°C 

During 3.500.000 unit hours of life 
test at 85°C, at full rated voltage, 
using a low impedance power source, 
not one MTPH capacitor has failed 
through short circuiting or excessive 
DC leakage current. Type MTPH 
capacitors were developed by 
Mallory as a result of experience 
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MTPHlO 

MTPHll 
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6.8 50 
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100 
RATED 300 MFD-10 V. 
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0 
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10 

25 

30 

10 

25 

30 

20 

18 

25 

15 

20 

15 

18 

%of +25°C 120 CPS 
DF% Cap at Z at DF% Case 

+25°C -55°C -55°C + 85°C Size 

20 70 400 10 A 

20 70 120 15 B 

20 60 55 18 c 
20 65 290 10 A 

25 60 100 20 B 

30 55 48 25 c 
25 55 90 20 B 

30 55 82 25 B 

30 50 44 25 c 
35 50 66 25 B 

35 40 35 28 c 
37 50 40 25 B 

50 40 33 40 c 

gained producing a similar line for 
use in the Minuteman II missile 
system made by Autonetics Division 
of North American Aviation, Inc. 

The MTPH style of capacitors are 
produced in the same "white room" 
manufacturing facility and by the 
same highly trained operators used 
for Minuteman II parts. The mate
rials, production processes and qual
ity controls are also the same, 
thereby assuring the highest degree 
of reliability. 

MTPH capacitors have higher ca
pacity-voltage product per unit vol
ume than any conventional wet slug, 
foil or solid tantalum line. This size 
factor makes these capacitors very 
desirable for applications with thin 
film, integrated and other micro
electronic circuits. An additional ad
vantage of the wet slug construction 
is the absence of the familiar catas
trophic failure mode of solid tanta
lum devices. 

For complete data and prices, write 
or call Mallory Capacitor Company, 
Indianapolis, Indiana 46206-a divi
sion of P. R. Mallory & Co. Inc. 

-

MALLORY 
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No matter how small the ferrite piece, 
WHEN MECHANICAL AND ELECTRICAL SPECS ARE TIGHT ... 

Stackpole makes them all: 
Toroids down to .120" OD 
Cups as small as .250" OD x .130 Hgt. 
Bobbins smaller than .080" OD 
Cores of .031 " D x .170" Long 
Coil forms below .060" D x .187'' Long 
Sleeves to .075" OD x .028" ID 

SPECIFY STACKPOLE 
But subminiature size isn't Stackpole's only claim to 
fame in ferrites. One customer put it this way, "Your 
ferrite cores are more consistent from order to order 
than any of your competitors." 
Over 30 grades. Isn't that what you're looking for? 

Rectangular Solids smaller than .120" x .120" x .218" t!3> STACKPOLE 
ELECTRONIC COMPONENTS DIVISION 

ST, MARYS, PENNSYLVANIA 
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Pardon our redundance, but you asked for it! 

We're referring to the contacts in our new TERM!· 
TWIST* Printed Circuit Connector. In addition to all 
their other advantages, they're bifurcated for redun· 
dancy. 

Now, with TERMl-TWIST contacts, you may use auto· 
mated point-to-point wiring techniques and have the 
benefits of AM P's gold-over-nickel plating-plus contact 
redundancy. Yet, they're designed for cost savings from 
the front bifurcated contact through the center twist 
locking section right back to the rear post which accom· 
modates AM P's new TERMl-POINT* clip wiring devices. 

For reliability, the phosphor-bronze contacts are plated 
with gold over nickel, including a .000030" gold plating 
on the critical contact areas. Thanks to their 90° twist 
and square shoulder design, the contacts are positively 
aligned and firmly locked in the housing. Contact re· 
moval, however, is easily accomplished with ordinary 
long nose pliers. 

These low-cost TERMl-TWIST Connectors are available 
in either diallyl phthalate or phenolic housings in sizes 
which include 15, 22, 31, or 43 contact positions, with 
contacts loaded on one or both sides. They are designed 
with a contact density of .156" for convenient replace· 
ment of existing panel mounted connectors. 
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Take a look at these TERM I-TWIST Connector features: 

Economy-low initial and per-line cost 
Wiring compatibility-use TERMl-POINT clips; or 
solder, weld, or wrap 
Flexibility-accepts printed circuit boards from .054" 
to .071" thick 
Quality-meets mechanical and electrical require· 
ments of MIL·C-21097 
Reliability-Gold-over-nickel plating and high contact 
force 
Versatility-optional automatic machine or hand tooling 

If you've been asking around for an economical and reli· · 
able board edge connector that's compatible with auto· 
mated application, don't overlook this TERMl-TWIST 
Connector. Write for·complete details today. 

*Trademark of AMP Incorporated r----------------,------, 
I I INDUSTRIAL I 
I I · SALES I 
I I N C 0 R p 0 RAT E D I DIVISION I 
I Harrisburg, Pennsylvania I I 
l----------------~------J 
A-MP* products and engineering assistance available through subsidiary companies in : Australia 

• Canada • England • France • Holland • Italy • Japan • Mexico • Spain • West Germany 
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LOCATE IN NORTHERN IRELAND' 

SLASH 
YOUR 

OVERSEAS 
INVESTMENT! 

104 Circle 104 on reader service card 
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... USE OUR POUNDS 

SAVE YOUR DOLLARS 

You can help the balance of payments problem-and still 
have access to a global marketplace-by taking advantage 
of Northern Ireland's sweeping industrial development 
program. It is a program designed to get you into fast, 
efficient production in Northern Ireland at the least pos
sible cost to you. 

It's not your dollars we want. W'hat we seek are your 
pounds and shillings payrolls for our large labor force, 
your industrial know how, the added impetus you will 
give our economy. And we are more than willing to pay 
for those assets. 

To help you cut costs, the Government of Northern Ire
land will give you outright cash grants or loans-grants 
toward your plant, machinery and equipment; you may 
even get grants on the cost of importing that machinery. 
And, we will make grants for training the men who will 
operate that machinery. The Northern Ireland Govern
ment may proYicle you a plant-new, modern, ready-to
go-for a rental as low as 2¢ to 3¢ per square foot per 
month, or custom-build a factory to your firm's require
ments. 

You will find that you are in good company in Northern 
Ireland. Our development program has attracted nearly 
200 outside firms-firms like the Ford Motor Company's 
Autolite Division, Du Pont, International Telephone & 
Telegraph, Hughes Tool, Chemstrand (Monsanto). They 
have found Northern Ireland the strategic location to 
manufacture and sell to the world. 

And we think you will like your other neighbors: the 
people of Northern Ireland. You and your firm will be 
genuinely welcomed in Northern Ireland-and we are 
willing to spend our money to prove it. 

Full assistance and prompt answers to your questions are 
available right here in the U.S. from highly qualified 
representatiYes of Northern Ireland's Ministry of Com
merce. Write or phone Jack Quan or George McLaren, 
British Industrial Development Office, 845 Third Avenue, 
New York, N. Y. 10022. PLaza 2-8400. Ask for our in
formative brochure "Produce in Northern Ireland .•. 
Sell the 'Vorlcl Over." 

UNITED KINGDOM of Great Britain 

AND NORTHERN IRELAND 
Electronics I June 28, 1965 



Best Value 
1n a scope camera 

Combined features give the 
Tektronix camera 

highest all around performance 
You can use Polaroid* film . Or, use other film, with a Graflock back. 

You can interchange any of 7 lenses-f/1.9 (1 :0.9), f/1 .9 (1 :0.85), f/1.9 (1 :0.7), 
f/1.9 (1 :0.5), f/4.5 (1 :0.7) , f/1.4 (1 :1 ), and f/1.3 (1 :0.5). Since the lenses are housed 
in prefocused and calibrated mounts with keyed threads, you can set the 
shutter speed and diaphragm opening quickly and simply. No confusio 
for these controls always appear at the same convenient position. 

You can focus with a single knob and lock the setting. 

You can position the sliding back either horizontally or vertically. You can 
interchange any of 4 film-ho lding backs, and lock the film back in any of 9 
detent positions to simplify multi-exposure photog raphy. 

And you get assistance when you need it-for full f ield engineering services 
back up every camera. For the complete story on this "best value" oscillo
scope camera, call your Tektronix Field Engineer. 

Tektronix, Inc. 
P.O. BOX 500 ·BEAVERTON. OREGON 97005 · Phone: (Area Code 503) 644-0161"· Telex 036-69! 
TWX: 503-291-6B05 ·Cable: TEKTRONIX· OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES 

TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory, 
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C-27 camera With viewing tunnels 
removed and carrying handles folded out of the 
way, the new C-27 Cameras can be stacked one 
atop the other-on such rack-mount oscillo
scopes as the Tektronix multi-purpose T ype 
RM561 A (upper) and split-screen storage Type 
RM564 (lower). 
Using shutter-actuator accessories with the 
C-27 Cameras permits simultaneous display 
recording . 
Using optional Graflok backs and 4x5 film hold
ers permits complete 10-cm by 10-cm display 
recording. 
C-27 Camera, illustrated . . . $420 
Inc ludes: fl1.9 lens (with 1 :0.85 object -to-image 
ratio) complete with cable release, Polaroid* 
back, focus plate. 

U.S. Sales Pr ice. f.o.b. Beaverton, Oregon 

* Registered by Po laro id Corporation. 
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Who says it costs 

and a leg 
to get 22 W'atts 
at 450 me ... 

106 

or 10 W'atts at 960 

We've developed a new UHF power 
source for you designers of mobile communi

cations gear, low-cost point-to-point micro
wave links and citizens band. It's simple, 

efficient and cheap, (yes, cheap). It uses a 

single Amperex power tube, the 8458, as a 

driver at 150 Mc., and a single varactor, the 
Amperex 1N4885 as a tripler. For 960 Mc., 

one more 1N4885 used as a doubler will pro
vide 10 watts of output power. 

The basic specifications of the 1N4885 

are: Efficiency 70%, Breakdown Voltage 150 
volts, Series Resistance 0.7 ohms and a Ca

pacitance Range of 29 to 39 picofarads. The 
basic specifications of the 8458 are: Plate 

Voltage 600 volts, Plate Current 120 mA, 

Circle 106 on reader service card 

Screen Voltage 180 volts and a drive power 
of approximately 3 watts. 

If you can beat the watts per dollar 
you '11 get from this combination of solid 

state and vacuum tube technology, you've 

got yourself a swell new job as head of our 

research and development lab! 

For complete information, including an 
applications report on 8458 driver circuits 

and 1N4885 frequency-multiplier circuits 

and filter networks, write: Amperex Elec

tronic Corporation, Semiconductor and 
Receiving Tube Division, Department 371, 

Slatersville, Rhode Island 02876. 
IN CANAOAi PHILIPS ELECTRONICS INDUSTRIES, LTD., TORONTO 17, ONT. 

Ampere:. 
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Did you know that 19 of the 22 
major connector manufacturers 

recommend Buchanan® Crimp Tools? 
-the other three make their own. 

The reason is simple. Buchanan tools can be 
used with almost any manufacturer's con

tacts. No need to replace the tool every time 
you use a different contact. Simply change the 
positioner in the head. By selecting the proper 
positioner, you program the tool to provide crimp 
depth, crimp location and point of ratchet re
lease. As we do not manufacture connectors, the 
full focus of our research and design has been 
spent to produce these most va luable tools. When 
you buy from Buchanan you avail yourself of an 
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experienced staff devoted exclusively to crimp 
applications and service assistance. 

Buchanan tools are fully qualified to mil spec, 
proprietary and commercial requirements. 

For more detailed information, write or call 
today, Buchanan Electrical Products Corporation, 
1077 Floral Avenue, Union, New Jersey, (201) 
289-8200, Telex 01-25471. 

a subsidiary of Elastic Stop Nut Corporation of America 
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you won't look down 

at the 
NEW Raytheon Side-View 
Numerical Indicator Tubes 

Because of their unusual design, the new 
Raytheon digital , in-line miniature indica
tor tubes offer several important advan
tages over conventional top-viewing indi
cators. For one thing , their unit cost is 
lower. They require less mounting depth , 
allow close horizontal spacing and display 
large characters for the available viewing 
area. 

These new Raytheon Side-View Numeri-

cal Indicator Tubes also feature conven
tional non-segmented characters for 
maximum readability, low power con
sumption , exceptional reliability and ultra
long life. Raytheon Side-View Numerical 
Indicator Tubes are available with numer
als 0 to 9, characters + and - . Types with 
custom characters can also be provided. 
A mating Raytheon tube socket is avail
able at low cost. 

... MORE NEW RAYTHEON DATA DISPLAY DEVICES 
New Datastrobe Digital Readout System (at right) 

Circle 108 on reader service card 

features multi·digit display from a single light 
source, shared solid-state logic and true 4-bit BCD 
input . . . (Left) Special cathode-ray tubes , available 
in many sizes, combine electrostatic and magnetic 
deflection for writing alpha-numeric characters 
while raster scanning. 

For complete information on RAYTHEON DATA DISPLAY 
DEVICES - or for an operating demonstration - write 
to Raytheon Company, Components Division , Industrial 
Components Operation , Lexington , Mass. 02173 

Electronics I June 28, 1965 



SELECTED for MAJOR AEROSPACE SYSTEMS because of 

DRAMATIC SIZE REDUCTION and INHERENT RELIABILITY ••• 

ERIE SUBMINIATURE 
BROAD BAND 

0 l , f High Attenuation • Hermetically Sealed 
0XC USlVe • Submlnlature • Reliable 

Only one-fourth the size of conventional filters, Erie subminiature Broad 
Band RFI Filters provide excellent attenuation performance in the lOKC to lOKMC 
frequency range as shown in the attenuation curves below. 

The problem of Electro-Magnetic Interference caused by switches, relays, 
motor commutators, SCR and transistor switching is efficiently eliminated by the 
use of Erie's hermetically sealed Broad Band EMI Filters. No longer is it necessary 
to use bulky paper capacitor-coil combinations . . . or large conventional filters. 
Erie filters provide better attenuation in a fraction of the space. 

These reliable Broad Band Filters are selected for major aerospace systems 
as well as for use in industrial and commercial communication circuitry bec!JJJS9 ". 1 

of their small size ( .375 dia . x .720 long ) and high performance. Mountin~ 
arrangements and hardware to suit the application. 

Consider the advantages of Erie Broad Band EMI Filters 
in your equipment. Write TODAY for literature and samples ••• 
Erie Technological Products, Inc., Erie, Pennsylvania. ERIE 

TECHNOLOGICAL 

TYP'ICAl 

AnlNUATION 

CUllvt 

Formerly 
olflt•JQI(· ICl'J~• XI:~· ,,... ,... I""" Erie Resistor 

"'. ""'" Corporation 

Another series of components in Erie's Project "ACTIVE." 
Advanced Components Through Increased Volumetric Efficiency. 

PRODUCTS, INC 

644 West 12th Street 
Erie, Pennsylvania 
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THIS INTEGRATED CIRCUIT IS A PROVEN MONOLITHIC WORKHORSE. 
The Information and Communication Division of Sperry Gyroscope Company 
is one of the world's foremost users of integrated circuits. They have proved the 
reliability of Micronet-203 in critical applications. Used in DC and AC amplification, 
wave shaping, and buffering - these monolithic differential amplifiers have also 
carried their load in cost reductions. You can buy one of these beauties for less than 
$50 ... or if you would like a hundred or so Micronet-203's, they're only $30 apiece. 
0 Keep in touch with SPERRY SEMICONDUCTOR, Norwalk, Connecticut 06852. 

Sperry Europe Continental, 7 Avenue de l 'Opera, Paris 1, France 

SP(Rlll 
DIVISION OF 
SPERRY RAND 
CORPORATION 
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If you ship from 
5 to SO pounds anywhere in the U.S. 

you're missing a bet 

... unless you check Air Express. 
Among air cargo services, Air Ex

press is quickest and often costs 
least. Frequently less than surface! 

For example, you can actually 
ship a 20 pound package from New 
York to Chicago by Air Express for 
less than motor carrier ($6.20 vs. 
$6.82) . 

Another point. Air Express rates 
are figured door-to-door. You only 
have one call , one waybill. 

And there's more. Air Express 
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can deliver by sunset tomorrow to 
any of 21,000 U.S. cities, towns 
and communities. 

Pickup is made within 2 hours of 
your call. Your packages get top 
priority on every scheduled airline 
after air mail. 

And on the ground, thousands of 
delivery trucks speed deliveries be
tween you, the airports and your 
customers. Compare this with any 
other service available. 

There is only one Air Express . . . 
it's a joint venture of all 39 sched
uled airlines and R EA Express. No 
wonder Air Express gives you the 
best service in the air and on the 
ground. 

Next time you ship from 5 to 50 
pounds, try Air Express. Simply call 
your local R E A Express office for 
detailed information. 

Air Express outdelivers them all 
... anywhere in the U.S.A. 
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(more basic facts about two more Hitachi silicon transistors) 

MAXIMUM RATINGS 
(Ta=25°C) 
Vcso ............. .. 40V 

Vern . ... ....... . .. .40V 

VEBO ........ ....... 4.0V 
Jc .................. 20mA 

IE ............... -20mA 

Pc ... ... ...... 200mW 

Tj .. . ............ ... 2oo·c 
Tstg ...... -55-200°C 

ELECTRICAL CHARACTERISTICS (Ta=25°C) 

lcso (Vcs=20V) 

hFE (VcE= lOV, lc=4mA) 

hte (VcE= lOV, lc=4mA, f= lOOmc) 

Cob (Vcs= lOV, f= lmc, Shield Lead Grounded) 

NF (VcE= lOV, lc=4mA, f=200mc, Rg=50!1) 

PGt (VcE= lOV, lc=4mA, f=200mc) 

I age (PGt= -30db) 

HITACHI SALES CORPORATION: 333, N. Michigan Avenue, Chicago 1, Ill., U.S.A. Tel: 726-4572 '4 / 666, 5th Avenue , 
New York , N.Y. 10019, U.S.A. Tel : 581-8844 12715, S. Daphne Avenue , Hawthorne, Calif ., U.S.A . Tel : 757-8143 
HITACHI, LTD. , DUESSELDORF OFFICE: Graf Adolf Strasse.37, Duesseldorf, West Germany Tel : 10846 
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Many of the outstanding achievements in science 
and technology during the past 10 years have been 
recorded, analyzed and preserved on tapes of"Mylar:' 
When reliability counts, count on "Mylar:' ·ra~i~0~1~~~~~t~~1~'.rademark 

~ only DUPONT makes 

•••11• •,or'-
MYLAR® 
POLYESTER FIL.M 

BETT ER THINGS FOR BETTER LIVING ..• THROUGH CHEMISTRY 

Electronics I June 28 , 1965 Circle 115 on reader service card 115 



WhydoesAE 
separate the 
leads from the 
terminals in its 
printed circuit 
dry reed 
switches? 

.. 

,. 

.. "'· 
.,. .,. 

... 

.. .. 
• • .. 

,. • .. " • 

Because this construct~ioO:nn..._-......~~~~~~~...::·~~ 
provides better electrical 
characteristics. 

Should a capsule lead have to "dou· 
ble" as a terminal? Separate termi
nals give you superior electrical 
contact-and eliminate strain on the 
glass capsules. That's the AE ap
proach on dry reed switches for PC 
boards. 

AE also uses welded connections 
in these new PC Correeds*. The 
contact terminals are welded, not 
soldered, to the capsule leads. This 
reduces stress-makes more reliable 
connections, with greater mechani
cal strength. 

These switches are easy to insert. 
•u.s. Potent Pendins 
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The terminals are longitudinally 
ribbed for extra strength and rigidity. 

Bobbins are stronger too, because 
they're made of glass-filled plastic. 
Besides adding strength, this con
struction is moistureproof - to pre
vent electrical failure. 

age density. 
Get helpful, detailed information. 

Find out how new PC Correeds 
meet the requirements of modem 
electronic circuitry. Just write to 
the Director, Electronic Control 
Equipment Sales, Automatic Elec· 
tric Company, Northlake, Ill. 60164. AE Printed Circuit Correeds are 

made to "standard" measure
ments: multiples of 0.200 
inches between terminals, 

2-capsule 
(Forms 2A, 18, or 
IA Mag. Latch) 

3-capsule 
(Forms 3A, 

28, or lA-lB) 

5-capsule 
(Forms 5A 
or 2A-28) 

the industry standard for 
circuit boards. Standardized 
terminal size and spacing 
also allow for greater pack-

AUTOMATIC ELECTRIC 
GEN

1

ERAL TELEPHONE & ELECTRONICS G'f&E 
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Probing the News 

Military electronics 

Electronics for American guerrillas 
Unconventional warfare, behind enemy lines, requires new and better 

radios and other devices for our Special Forces and air commandos 

By John F. Mason 
Military Electronics Editor 

The United States, which has been 
fighting a counterinsurgency war 
against guerrillas in South Viet
nam, is putting new emphasis on 
training guerrilla fighters itself, and 
on developing electronic equip
ment for them. 

The program to outfit American 
guerrillas for the particular prob
lems encountered in operating 
clandestinely in a "denied area" is 
moving on three levels: available 
equipment is being adapted to the 
new tasks, developmental gear is 
being tested, and new devices are 
being sought. 

I. Air commando communications 

One key piece of equipment is 
a powerful AN/TSC-15 radio, a 
high frequency, a-m/ ssb trans
ceiver that generates power up to 
900 watts. It serves as the center 
of a communications web spun 
from the theatre headquarters of 
the air commandos, the Air Force 
Special \i\Tarfare men who fly the 
Army Special Forces to drop zones 
behind enemy lines. 

The TSC-15 operates at from 2.0 
to 29.999 megacycles, has three 
voice channels and four multiplex 
teletypewriter channels. It has two 
32-foot fiberglass vertical anten
nas, one for transmitting simplex 
and duplex, and one for receiving 
in duplex only. The transmitting 
antenna may be changed to a long 
wire type for frequency stability. 

Before the air commandos fly in 
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An acoustical telescope, made by Electro-Voice, Inc. for commercial 
use, is being tested by the Special Forces. The main problem 
so far is its inability to filter out unwanted sounds. 
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the Army Special Forces. they drop 
forces of their own to prepare the 
way. While on the ground, they 
need radios for three communica
tions jobs: to talk with home base, 
with each other and the Army, and 
with aircraft. Now, three radios are 
needed. In the future, two will do 
the job, and later, one. 

Point-to-point. To communicate 
with the TSC-15, the commandos 
will use the PRC-47 manpack, an 
h-f/ ssh unit with a frequency range 
from 2.0 to 11.999 Mc. The radio 
has good power output (100 watts) 
but it is heavy; with accessories, 
it weighs 75 pounds, and with its 
watertight case, 175 pounds. 

In a year, if design problems 
are straightened out, a 35-pound 
manpack, the PRC-62, will be ready 
to replace the PRC-47. Later, the 
PRC-70, a 30-pound transistorized 
transceiver that will replace many 
type of radios now operating in 
the field, will replace them both. 
Avco Corp. and the Electronics 
division of the General Dynamics 
Corp. are both developing the PRC-
70 [Electronics, May 3, p. 63]. 

Troop-to-troop. To talk with the 
Army or with each other, the com
mandos use the PRC-25, a rela
tively new vhf/f-m solid-state unit 
that weighs 21.5 pounds. Later, 
the PRC-70 will probably take over 
the PRC-25's job along with that 
of the PRC-47. 

Forward air controller. The 
ground-to-air radio now being used 
to talk with aircraft is the PRC-41, 
a uhf unit operating at from 225.0 
to 399.9 Mc and weighing 45 
pounds. Eventually this unit will 
be replaced by the long-suffering, 
now-terminated, though still not 
completely delivered, PRC-71. 

The PRC-71, which began as the 
TR500A, a 37-pound unit built by 
Sylvania Electric Products, Inc., 
consists of four transceivers: vhf/ 
f-m, vhf/ a-m, f-f/ ssh and uhf/ a-m. 
The Air Force bought two of these 
for $200,000, and recommended 
that Rome Air Development Center 
get Sylvania to militarize the set 
and buy 40. After the set was 
ruggedized, it weighed, with case, 
bag and carrying kit, 55 pounds. 
The Air Force ordered 81, which 
will be delivered next month. 

After working with the first batch 
of 55-pound units, the air com
mandos asked Rome to write spe-
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cifications for a set that would 
weigh no more than 30 pounds, 
and as little as 25 if possible. 

The new set will be called the 
PRC-72; other than being lighter 
and having a few more channels, 
it will be identical to the PRC-71. 
Both sets are unique in that they 
are designed to communicate with 
any radio used by any govern
mental agency of any country. 

A number of companies sub
mitted proposals to Rome. Three 
are still in the running, and the 
winner will be chosen soon. The 
first award will be for 30 units
an order that will take a year to 
18 months to produce and deliver. 
If the specs are met, the Air Force 
will probably buy 5,000 sets. 

Future sets. Two expensive, 
highly sophisticated ground-to-air 
radios for forward air controllers 
are being developed, the PRC-65 
and the PRC-66. Both sets use 
integrated circuitry and transistors. 
The "65" will weigh less than six 
pounds, the "66" less than seven. 

One aid to point-to-point com
munications that will be tried soon 
is an Fi-F1 radio repeater attached 
to a balloon that will be sent to 
80,000 feet. To prevent winds from 
carrying the balloon away before 
it reaches this altitude, the whole 
system can be ejected from an air
craft at an altitude of 40,000 feet. 
Even then, wind will take it out of 
a useful position within four hours. 
Because of its short life, the equip
ment must be cheap. 

11. Navigation 

Today, the only means the air 
commandos have for navigating 
over enemy territory is pilotage
trying to match the terrain below 
them with a map. The 1st Combat 
Applications Group at Eglin, how
ever, has just tested a doppler 
navigator (AN/ APN-153), a com
puter (AN/ ASN-25) and a gyro 
compass (J-4) housed in a pod at
tached to a standard 14-inch bomb 
shackle on a B-26. The system was 
developed by the General Precision 
Laboratory, Inc. 

Although the concept worked 
well, the tests didn't meet the 1 % 
accuracies the air commandos were 
hoping for. They believe malfunc
tions that can be corrected were 
responsible, and will run more 
tests. 

The AN/PRC-41 will be used by the air 
commandos to contact aircraft. 

Beacons. To guide the air com
mandos back to a drop zone, hom
ing beacons will be set up. 

To date, however, neither the Air 
Force or the Army has written the 
final specifications on the homing 
beacons they want [Electronics, 
Sept. 7, 1964, p. 115]. Four low
frequency beacons are being tested 
at Fort Bragg, N. C.: the PRT-7 
developed by the Army's Limited 
Warfare Laboratory at Aberdeen 
Proving Ground, Md.; the TRN-20, 
developed by Litton Industries, Inc. 
for the Air Force; the TRN-19 for 
the Marine Corps by Tridea, Inc. ; 
and a new lightweight beacon, also 
by Tridea, the 111-900. 

The Air Force, at Rome and at 
Eglin AFB, is testing both low-fre
quency and X-band beacons. One 
lightweight 1-f beacon Eglin just 
finished testing met requirements 
very well. Random malfunctions, 
however, spoiled the tests-due to 
the prototype's age, Eglin believes 
-and Rome has been asked to buy 
another unit. If it does , new tests 
will begin soon. The beacon was 
built by G. C. Dewey Co. 

111. Guerrilla communications 

The Special Forces have six com
munications requirements in an un
conventional warfare mission: 
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Air commandos at home base 
will use this AN/TSC-15, an 
h-f/a-m/ssb radio, with power 
up to 900 watts, to talk with 
their men in enemy territory. 

• The Special Forces operations 
base, located in friendly territory, 
needs to communicate with the 
Army, Navy and Air Force in that 
theatre of operations; 

• The operations base must keep 
in contact with the Special Forces 
detachments training guerrillas be
hind the lines. (This could be a 
distance of several thousand miles ; 
Okinawa might be the base for 
guerrillas in Communist China) ; 

• The Special Forces detach
ments would need a radio to com
municate with each other in the 
operational area; 

• Each detachment needs a radio 
to talk with aircraft; 

• Shortrange radios would be 
needed for the 12 men within a 
detachment to talk with each other; 

• If war were declared, the de
tachments would need a radio to 
talk with the invading army. 

Operations base. To communi
cate with the detachments as well 
as with the other military com
mands, the headquarters transmit
ter site has one MRT-9 van that 
houses three 500-watt T-368 trans
mitters , a trailer with two IO-kilo
watt generators, and an array of 
half-wavelength dipole antennas. 
Located three to five miles away, 
so as not to pick up the trans-
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This low-frequency radio 
beacon for guiding aircraft 
to a drop zone is the 
TRN-19, built by Tridea, 
Inc. It is one of four 
being tested by the Army. 

mitter signals, the receiver site has 
one MRR-8 van containing eight 
R-390 receivers, a control van with 
two teletypewriters, one reperfora
tor transmitter distributor and a 
switchboard, two 10-kw generators, 
and an array of half-wavelength 
dipole antennas. 

This equipment will evenhrnlly 
be replaced. Log periodi<.: antennas 
are already available at the Special 
Warfare Center, Fort Bragg, N. C. 
to replace the half-wavelength 
dipoles. To change the direction of 
transmission of the half-wavelength 
dipole, the tower must be moved; 
to change the frequency, the length 
of the antenna must be changed. 
With the broadband log periodic, 
direction is controlled remotely by 
a motor and no change is required 
for different frequencies. 

Every base station will have two 
log periodic antennas for the trans
mitters and two for the receivers. 

New radio station. A new trans
mitter/ receiver system, the TSC-26, 
will also be installed to replace 
the MRT-9 equipment at the trans
mitter site and the MRR-8 complex 
at the receiver site. 

The TSC-26 will have more 
power-1.25-kw average output 
with a peak of 2.5 kw-than the 
present equipment, and it will have 

burst transmission capability. An 
entire message can be blurted in 
seconds, received on tape and later 
played back at normal speed. The 
station will operate at frequencies 
from 2.0 to 29.999 Mc. with capa
bilities for teletypewriter, voice, 
c-w and facsimile. 

The TSC-26, built by Westrex 
Communications division of Litton 
Industries, Inc., will be field-tested 
at Fort Bragg this summer. First 
models will probably go to the 
field in November. 

IV. Detachment radios 

Right now, the AN/GRC-109 
answers most of the communica
tions requirements for the detach
ments in enemy territory. This 
equipment can communicate with 
the operations base, with other de
tachments, and with an invading 
army. The "109" is heavy. With 
accessories it weighs 85 pounds. 
It's an h-f, a-m radio with a 10-
watt output that has been received 
3,000 miles away. 

Its primary mode is continuous
wave, for Morse code, but it will 
receive voice. 

Ground-to-air. At present, the 
Special Forces have no single radio 
that will communicate with Army, 
Air Force and Navy planes. The 
ground-to-air radio they would take 
in would depend on which branch 
they would be working with. 

The PRC-70 will communicate 
with planes from all three branches 
as well as fill most of the Special 
Forces' needs. Four models will be 
delivered to Fort Monmouth, N. J., 
for testing this winter. 

Troop-to-troop. For communicat
ing within a detachment, the Spe
cial Forces are still using the old 
PRC-10, a 35-pound f-m unit that 
has been replaced by the PRC-25. 
They are hoping, however, to be 
able to use a small six-pound ssh/ 
f-m radio, called the PT-5 Field 
Mouse, that Avco Corp. is making. 
The Field Mouse generates 5 watts 
and will transmit for five miles. It 
is due for testing next March. 

Antennas. In enemy territory, 
two kinds of antennas are normally 
used with the GRC-109: a slant 
antenna-a half-wavelength tied to 
a tree-for skywaves, and a long 
wire. The wire, which can be many 
wavelengths long, concentrates 
energy in a single direction, so that 
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there is less chance for enemy 
direction finding equipment to pick 
up the signal. The long wire also is 
hard to detect from the air. 

V. Other equipment 

A number of devices are being 
tested at Fort Bragg and other 
Army centers that the Special 
Forces might be able to use. One 
is an acoustical telescope that am
plifies sound at a distance. The unit 
being tested was built for com
mercial application and would have 
to be ruggidized considerably be
fore the Army could use it. The 
problem to date is that it isn't very 
directional , and won't filter out un
wanted sounds. Birds turn out to 
be terrible blabbermouths and 
often drown out signilicant sounds. 

Equipment needs. The Special 
Forces need a number of devices 
they don't have. 

• A good lightweight power sup
ply. 

• A passive beacon for guiding 
aircraft to a drop zone. This might 
be a small triangular reflector 
which could be hung in a tree, for 
a specific radar frequency. The 
radar would transmit briefly and 
only few times. 

• A cheap receiver to give away 
to the local population to listen to 
music and propaganda. The device 
can't cost $10; fifty cents would be 
more like it. 

• A device to detect an intruder. 
Many companies are working on 
this , with no good results to date. 
Thin wires that turn on lights and 
ring bells are also triggered by 
animals. One system requires 
buried wires that set up a magnetic 
field. An intruder would disturb 
this field. Burying wires, however, 
takes time and implies permanency. 
One possibility is a radio trans
mitter that would detect the pres
ence of a human being by the ca
pacitance effect. But this, too, 
would be affected by dogs and 
other animals, by wet ground and 
wind. 

• A device to identify friends. 
This might be done by providing 
friends with an object to wear in 
their belt or pocket that would be 
detected by an electronic sensor. 

• A navigation device for patrols. 
Army and Air Force laboratories, 

which are working on these prob
lems, would welcome more help 
from industry. 
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Contracts 

Pentagon tries carrots 
Value engineering may have its detractors, but the Defense 

Department is sold. Contractors who use the approach 

will be rewarded with a big share of the savings 

Value engineering, the controver
sial method of saving money, is a 
success at the Pentagon and there's 
going to be a lot more of it. Earlier 
this month, Defense Secretary 
Robert S. McNamara ordered the 
employment of 265 additional value 
engineering specialists for the mili
tary services. This expansion will 
double the present staff and add 
$3.l million to the payroll. 

Defense contractors who at
tended seminars sponsored by the 
Defense Department recently, got 
the message directly from George 
E. Fouch, deputy assistant secre
tary of defense, and a key speaker 
in a five-city roadshow. He ex-

George E. Fouch, deputy assistant 
secretary of defense, promises 
profit to contractors who get on 
the value engineering bandwagon 

plained the new value engineering 
incentives that appear in the docu
ment known as Circular 11 and 
promised "real profit opportunities" 
to those who study and apply the 
new regulations. 

I. Cost reduction 

McNamara is sold on value en
gineering and considers it an es
sential part of the Defense De
partment's cost-saving program 

which was inaugurated in 1962. 
Savings in fiscal 1963 attributed 
to value engineering amounted to 
$72 million. In fiscal 1964 that 
amount more than tripled; the total 
reached $250 million. Now Mc
Namara is aiming for a goal of 
$500 million a year in value engi
neering savings by 1967. 

Electronics firms have already 
reported some impressive savings 
as a result of the technique. In the 
AN/BQQ-1 transducer, where steel 
was substituted for bronze and the 
design simplified, savings to the 
Navy were a whopping $1,615,000. 
In another case, the elimination of 
an epoxy coating, specified for a 
circuit board for a fire-control com
puter, saved $60,000. 

Dissenters. As an attitude, val11e 
engineering is as old as good engi
neering practice. In fact, its de
tractors say that only the name is 
new; that good engineering has 
always achieved what value en
gineering claims as its goal-to 
build the best for the purpose at 
the lowest possible cost. 

Value engineers dispute this 
view. They describe their specialty, 
which was formulated in 1947 by 
Lawrence D. Miles, an engineer 
at the General Electric Co., as a 
formal methodology with a func
tion-oriented approach. (They 
haven't convinced many electronics 
companies which aren't working on 
defense projects. Value engineering 
has yet to be widely used in non
military electronics.) 

Evangelism. One scoffer calls 
value engineering "an evangelistic 
approach" to electronics. And it is 
true that attempts to define value 
engineering produce some unusual 
bursts of eloquence which don't 
mean anything. For example, the 
latest issue of the Journal of Value 
Engineering contains a message 
by the editor of Tool & Manu
facturing Engineer which says: 
"Value engineering confers to the 
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New ITT Heat Shrink Tubing easily fits 
over coax connector, yet, because it 
shrinks to 50% of its original size with 
the application of heat, the tubing forms 
a tight insulating bond around both the 
coax and the connector. 
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Specify ITT 50% Shrinkable 
Tubing for Assured Perform
ance ... it conforms to revised, 
and now far more stringent, 
specification MIL-I-23053A. 
Ideal for use in military elec
tronics, and for general indus
trial applications, the tubing 
shrinks to half its original size 
upon application of heat. ITT 
tubing is fluorine-and chlorine
free, can't cause corrosion. It's 
especially suitable for use di
rectly on contacts, even those 
in the millivolt signal range. 

ITT Heat-Shrink Tubing 
vibration-proofs and weather
proofs electrical connectors, 
mechanical and hydraulic 
couplings, and other metallic 
fittings. It is tight, form-fitting 
insulation for connections, 

splices, wire harnesses, cables, 
and wear points. Available 
from stock in 14 diameters 
from 3/64 to 4 inches, clear 
and in five permanent colors. It 
retains its flexibility and form 
stability from -65° to +275 °F, 
and is highly resistant to im
pact, perforation and abrasion. 

For detailed specifications, 
technical assistance with ap
plications, or engineering sam
ples, write: Dept. E, ITT Wire 
and Cable Division, Interna
tional Telephone and Telegraph 
Corporation, Clinton, Mass. In 
Canada, write or call ITT Royal 
Electric Company (Quebec) 
Limited, Pointe Claire. 

wire and cable division ITT 
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A new featherweight champ ••. 

Meet the Offner Dynograph® Recorders' baby brother 
-a new 2-Channel Portable Recorder. It incorporates 
every good feature you want in a portable oscillographic 
recorder, and it's priced under $1,300. 

The Type K Dynograph provides unusual sensitivity in 
a very small package. Total weight is less than 40 
pounds. You can select either ink or heat rectilinear, or 
ink curvilinear recording. What's more, the specs are 

with a record like 
the big hf>YS 

excellent: sensitivity range-2mv/div to lOv/div; 
common mode rejection-1000 :1 or better; linearity-
0.5%; measurement range-0.002 to 400 volts. 

If you need heavyweight performance in a lightweisht 
recording package, contact your local Offner Division 
Sales Engineering Representative. He can tell you all 
about the new Type K Dynograph 2-Channel Portable 
Recorder. Or, write direct for Data File 721. 

Beckman " INSTRUMENTS, INC. 

122 Circle 122 on reader service card 

OFFNER DIVISION 
SCHILLER PARK, ILLINOIS • 60176 

INTERNATIONAL SUBSIDIARIES1 GENEVA, SWITZERLANOJ MUNICH, GERMANY; 

GLENROTHES, SCOTLAND; PARIS, FRANCEJ TOKYO, JAPANJ CAPETOWN, SOUTH AFRICA 
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product internal honesty, engineer
ing ethics. It causes that product 
to serve the purchaser, not to fool 
him. 

"It is the mark of honesty, con
sciously sought. It brings an en
during quality of rightness to the 
engineering profession and to the 
industry in which it operates. It is 
a promise that both shall endure." 

Doubters. It is apparent that 
there are nonbelievers within the 
Defense Department and among its 
contractors. To them, Fouch re
cently issued a warning. 

"There are some," he said, "who 
view value engineering as a mix
ture of do-goodism and hoopla, 
superimposed from above on hard
working and harassed design, pro
duction and maintenance people. 

"Whatever the merits of this 
view, management should not al
low such opinion to occlude its 
vision of real profit opportunities." 

11. Vision of profit 

It would take a severe case of 
myopia to overlook the reward for 
value engineering efforts in vir
tually all military programs. De
fense procurement regulations en
courage the approach with 
payments that can be as much as 
50% to 75% of the savings. 

Space electronics 

Eyeopeners. Changes in the cost
reduction program have been rapid, 
but the most significant, to the 
contractor, are those which reward 
savings not only in current con
tracts but in follow-on procure
ment. 

The new rules tempt contractors 
with a share in collateral savings
in operation, maintenance, logistic 
support-which result from the re
duction in hardware costs. Addi
tionally, they encourage subcon
tractor participation in value 
enginecrillg by making it easier for 
the prime contractor to share re
wards with the subcontractors. 

111. Training programs 

Last year, Space Technology 
Laboratories, a division of TRW, 
Inc., developed two courses for the 
Department of Defense-one on 
the principles and application of 
value engineering and the other on 
the management of value engineer
ing in defense contracting. The 
courses, now available to all three 
services and the Defense Supply 
Agency, will answer the problem 
of training value engineers. 

Not hit or miss. Practicing value 
engineers are usually alumni of in
company training programs. In 
most defense firms, value engineer-

ing is a staff function and seminars 
are used to train line supervisors 
and personnel in the specialty. 

"There are 30 to 40 techniques 
in the concept," says Frederick S. 
Sherwin, of the Raytheon Co., who 
was among the first group of engi
neers trained at GE by Miles. 

"It is a systematic method of 
looking at poor value areas. It is 
not hit-or-miss cost-cutting. It looks 
at the function, puts a dollar value 
on that function, explores various 
alternate ways of performing it, 
and puts dollar values on each 
new idea." 

The team approach is used to 
attack areas of high cost. Robert J. 
Gillespie, who directs value engi
neering operations for the Elec
tronic Systems division of Sylvania 
Electric Products, Inc. , says line 
supervisors are trained to work 
with a value engineering point of 
view and to recommend areas for 
value engineering team efforts. 

The first step. Additionally, com
panies emphasize value engineer
ing as an initial step. It is most 
effective, says William M. Thomp
son, of the value engineering staff 
at Space Technology, "when ap
plied by the cost generators them
selves-the engineers who put a 
line on a drawing." 

Airborne navigator for Apollo 
Design is final and production will begin next fall 

on the space program's first self-contained guidance system 

By Thomas Maguire 
Boston Regional Editor 

The equipment that will guide 
American astronauts to the moon 
and back has been designed in its 
final version, and production is 
scheduled to begin in the fall. 

The first of three prototypes of 
the guidance and navigation system 
is being completed at the Instru
ment Laboratory of the Massachu
setts Institute of Technology under 
the direction of Milton B. Trageser. 
All three will be evaluated at MIT 
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and used to check test procedures. 
Equipment for flight test and tor 

the lunar mission scheduled in the 
late 1960's will be assembled at the 
AC Spark Plug division of the Gen
eral Motors Corp. Meanwhile, pro
duction of an earlier version will 
continue. This preiiminary model 
will also be used for flight tests. 

1. Self-contained unit 

Although the astronauts in Proj-

ect Apollo will make full use of 
earth-based navigational aids, the 
guidance-navigation system will be 
capable of operating independently 
when necessary, for example when 
the spacecraft is behind the moon. 
The Apollo astronauts will be the 
first Americans to navigate in 
space, depending entirely on the in
struments iP ~he spacecraft to cal
culate their position in relation to 
the stars. 
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Early model of Apollo's guidance and 
navigation system will be produced 
along with the later version. 

"All United States spacecraft, 
and as far as we know all Soviet 
vehicles, have been navigated us
ing earth-based tracking measure
ments ," says David G. Hoag, as
sociate director of the MIT Instru
mentation Laboratory. 

Inertial guidance. Both the Com
mand Module and the Lunar Ex
cursion Module (LEM) will use 
modified versions of inertial guid
ance pioneered at MIT and used 
in about half of the inertially 
guided missiles in the United States 
arsenal. An inertial device performs 
two basic functions: it "remem
bers" its point of origin with ref
erence to a fixed star, and it senses 
and measures changes in speed and 
direction. These functions are per
form ed by gyroscopes and acceler
ometers. In the Apollo mission, the 
system will be used during acceler
ated flight. 

When the spacecraft is beyond 
the influence of the earth's gravity 
and is "coasting" to the moon, an 
optical system will be used. This 
consists of a scanning telescope 
and a sextant that is made up of a 
star tracker and a photometer. 

Distilling all this information into 
meaningful measurements is the 
task of the Apollo guidance com
puter, which also deciphers input 
from the landing and rendezvous 
radars in the LEM. 

11. Two versions 

After the basic concepts of the 
Apollo guidance and navigation 
system were defined in 1961, it was 
decided to design, build and test 
a preliminary system quickly, with
out waiting to incorporate any im
provements. 

By mid-1964, the prototype of 

this "Block I" system was operat
ing [Electronics, Oct. 4, 1963, p. 
14] and in production. Block I sys
tems are now being ground-tested 
at various sites and at Apollo con
tractors' plants. Some of the sys
tems will be flight-tested as soon as 
Apollo vehicles are ready. 

Block II contains changes in 
Block I design and configuration. 
One change stemmed from the de
cision by the National Aeronautics 
and Space Administration to use 
the lunar-orbit rendezvous and the 
LEM for a two-man lunar landing 
party, rather than a nonstop jour
ney to the moon. 

Both navigation systems will be 
produced. Although the production 
plan has not been disclosed by 
NASA, about 20 Block I sys tems 
are expected to be built, and 40 
Block H's. NASA has estimated 
that the guidance and navigation 
part of Apollo will cost $400 mil
lion. 

111. Design improvements 

The most significant improve
ments incorporated into Block II 
are a computer that is more power
ful but much smaller than Block I's; 
an all-electronic coupling-data unit 
to link digital and analog functions; 
and a smaller and lighter gimbaling 
system for remembering spatial ori
entation and measuring accelera
tion. Other changes are a star 
tracker and horizon photometer 
made part of the Command Mod
ule's optics, so that the earth's illu
minated horizon can be used as a 
navigation aid; a digital autopilot 
for improved steering and attitude 
control; and moisture-proofing of 
all electronic modules. 

Memory. The Block II guidance 
computer contains twice as much 
erasable memory as the Block I 
computer. There is also a 50% in
crease in fixed memory. Extra oper
ation instructions increase the 
speed of the computer, so it can 
handle additional tasks in the con
trol of the spacecraft. 

The fixed memory consists of 
core rope, in which the program 
and fixed data are stored. A limited 
erasable memory for data consists 
of a ferrite coincident-current mem
ory plane. 

The Block II computer is smaller 
because of the use of NOR gates in 
flatpacks for the logic modules, and 
the high-density storage made pos
sible by core ropes. The rope tech-

nique also enhances reliability, be
cause loss of information is impos
sible without physical destruction 
of the wire's core. 

Standardization. One of the most 
significant design decisions was 
to use standardized integrated cir
cuits in the computer logic. 

The decision to standardize cir
cuitry was a step toward achieving 
the high reliability needed [Elec
tronics , Dec. 14, 1964, p. 92]. Al
bert L. Hopkins Jr ., assistant direc
tor of the Instrumentation Labora
tory, who is responsible for design 
of the guidance computer, says: 
"Had a second type of microcircuit 
been employed, the number of logic 
elements could have been reduced 
by about 20%. But it is clear that 
to have done so would have been 
false economy. Neither of the two 
circuits would have accumulated 
the high mean-time-to-failure and 
high confidence level that the one 
NOR circuit has." 

The standard circuit is a three
input, direct-coupled NOR gate. 
This consists of three transistors 
connected in parallel, with a resis
tor at each input. The circuit can 
drive as many as five similar cir
cuits , and its propagation delay av
erages 20 nanoseconds. 

Coupling-data unit. The standard 
integrated circuits are also used in 
the digital part of the coupling-data 
unit-a section of the Block II sys
tem that does the job of the me
chanical gear trains , servomotors 
and digital shaft encoders used ih 
the Block I system. The coupling
data unit, a combined analog-to
digital and digital-to-analog con
verter, connects the analog guid
ance and navigation equipment to 
the digit computer, and the com
puter to the rocket gimbals and 
other analog controls. Discrete 
components are used in the analog 
part of the coupling data unit. 

Packaging. To prevent arcing
the discharge of static electricity 
caused by cabin moisture on elec
tronic equipment-the electronics 
packages have been moisture
proofed, rather than merely made 
moisture-resistant. 

In addition to AC Spark Plug, 
contractors for the navigation and 
guidance systems include the Ray
theon Co. for the computer, Kolls
man Instrument Corp. for the op
tics, and the Sperry Gyroscope di
vision of the Sperry Rand Corp. for 
the accelerometers. 



TO SUCCESSFUL DATA PROCESSING SYSTEMS 

MAGNETIC 
.'!~.'!"!"!".~~ 

This NEW design aid can cut 
logic hardware as much as 50o/o 

Electronics ] June 28, 1965 

~-----------~ 
I MAGNETIC SYSTEMS CORPORATION I 
I 2000 Calumet Street I Clearwater, Florida 

I I 
I Gentlemen: 

I 
I Please send me my free copy of "Short Cuts I 
I to Successful Data Processing Systems." I 
I I 
I Name I 
I Title I 
I Company I 
I Address I 
I City I 
I State Zip I 

~--········-J 
Send for your free copy today! 

The informatiorr in "Short Cuts," a just-published design 
aid from Magnetic Systems Corporation, will speed and 
simplify the design and specification of digital logic 
systems. And it can reduce the number of components 
required by as much as 50%. 

Among other things, "Short Cuts" contains: 
• Six rules for foolproof implementation of com

patible 1 Mc NANO-NOR logic. With these rules - and 
Magnetic Systems' exclusive new compatible logic mod
ules - you can mix NANO and NOR elements in the 
same logic system, whether it's positive or negative. 

• Specific examples that show you how Magnetic 
Systems 1 Mc NANO-NOR compatibility cuts component 
requirements by 10 to 50%. 

• Detailed specifications for a new, complete line 
of compatible welded encapsulated modules. 

• An easy-to-use selector chart for fastest selection 
and specification of modules for your system. 

The cost? Nothing. The coupon above or the reader 
service card in this magazin~ will get you a free copy 
Immediately. 

MAGNETIC 
SYSTEMS 
CORPORA8rlON 

Circle 125 on reader service card 125 



Need a follo-wer-ampllfier? Choose the 
appropriate all-silicon. solid-state 
Philbrick 01:>e•·ation.al amplifier; use 
i t in. this ciI•cl...•it to p••ovide isolation 
and impedance transfoI41 n'l.ation. -with 
precise p1~ogrammable g·ain. 

APPLICATIONS 
• Impedance transformation 
• Measurement of voltage at high 

impedance 
• Sample and hold 
• Unloading of passive structures 
• Precise unity-gain follower 

(when n = O) 
• Unloading of circuit capacitance 

(with positive capacitive feed
back) 

FOLLOWER WITH GAIN CIRCUIT 

GENERAL 
All of the following amplifiers are 
available from stock. The first three 
types utilize premium grade, her
metically sealed semiconductors. 
All are all-silicon, all solid state. 

Philbrick Engineering 
Representatives 
Ala.: Huntsville 536·8393; Ariz.: Phoenix 265·3629; 
Cal.: Los Angeles (213) 937-0780, Palo Alto (415) 
326-9800, San Diego 222-1121; Colo.: Denver 733· 
3701; Conn. : Stratford 378-0435; Fla.: Ft. Lauder· 
dale 564-8000, Orlando 425-5505: Ill.: Chicago 
676-1100; Ind.: Indianapolis 356·4249; La.: New 
Orleans 242-5575; Md.: Baltimore 727-1999; Mass.: 
Wakefield 245-5100; Mich.: Detroit 838·7324 ; 
Minn.: Minneapolis 545·4481; Mo.: Kansas City 
381·2122, St. Louis 966·3646; N.M.: Albuquerque 
268-3941 : N.Y.: DeWitt (315) 446·0220, Lancaster 
(716) TF 5·6188, Valley Stream (516) 561-7791; 
N.C.: Winston·Salem 725-5384; Ohio : Dayton 298-
9964, Westlake 871-8000; Pa.: Norristown 735· 
3520, Pittsburgh 371-1231; Tex.: Dallas 526-8316, 
Houston 781-1441; Utah: Salt Lake City 466-4924; 
Va.: Alexandria 836-1800; Wash.: Seattle 723-3320; 
EXPORT: N.Y.: New York (212) 246·2133. 

CANADA: Quebec: Montreal 482·9750, Ontario: To· 
ran to RU 9·4325. 
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P65AU, PP65AU .... price (1-4) $3 5.00 

ELECTRONIC ANALOG 

COMPUTING EQUIPMENT 
for 

MODELLING, MEASURING, 

MANIPULATING 

and MUCH EL$E 

PHILBRICK 

CHARACTERISTICS* 
SP2A (modulator type ) 

ERROR CURRENT .. < 10- 12 amp. 
OISE CURRENT .... < 10- 1i amp. 

INPUT mIPEDANCE (with guard 
circuit) ...... > I million megohms 

TRACKI 1G ERROR ...... <O.Ol % 
for unity-gain follower 

OUTPUT SWING .. ± lOV @ 2mA 
see Philbrick for versions having 
greater voltage or current capa
bility 

P25A, PP25A ( f.e.t. type) 
ERROR CURRENT 

typically <Io- 10 amp. 
INPUT IMPEDA CE 

of the order of 10 '2 ohms 
CO~I~ION ~IODE REJECTION 

> 1000 : 1 
PACKAGING 

compact plug-in and wire-in series 
available 

PS5A,PPS5A 
ERROR CURRENT 

(when compensated) 
well below I 00 nanoamperes 

I PUT IMPEDANCE 
> 100 megohms 

co~mIO ~!ODE REJECTION 
> 10,000 : I 

PACKAGING 
compact plug-in and wire-in series 
available 

P65AU, PP65AU 
(economy types) 

ERROR CURRENT 
(when compensated) 

well below I 00 nanoamperes 
INPUT I~IPEDA TCE 

> 20 megohms 
COi\mION ~!ODE REJECTIO 

> 1000 : I 
•measured at 25°C 

For complete information, consult 
your local Philbrick Representative 
or Philbrick Researches, Inc., 

22-J Allied Drive at Route 128, 
Dedham, Mass. 02026 
Telephone: (617) 329-1600 

Electronics I June 28, 1965 



1.4w POUT' 10 db PGAIN. at lGc 

The new 
RCA-8627 
nuvistor triode ACTUAL SIZE 

High.mu nuvistor power trl• 
ode (mu= 70) ; low-power 
cathode-drive Class C serv
ice in frequency range 400 
to 1200 Mc; cw power am• 
plifier, oscillator. frequency 
multiplier. Wt.-2.2 grams, 

in 1000 Mc applications 
provides an overall output
to-input power efficiency of 33% 
and a plate efficiency of 40%. 
Outstanding performance at a 
very attractive price ... $~-~~J~~£h· 

To the circuit designer, the new RCA-8627 
nuvistor offers all the benefits of the unique nu
vistor concept of electron tube construction: es
sentially constant transconductance over a very 
wide temperature range, dependable perform
ance in the presence of both pulse and steady
state nuclear radiation, low RF noise, low sub
audio noise, 1000 g shock rating, high reliability 
and exceptional uniformity of electrical charac
teristics from tube to tube and throughout life. 

price in quantities of 50 or more. 
(Subject to change wi thout notice) 

It also gives the designer the opportunity to as
semble highly efficient, small-size and light
weight coaxial circuit configurations. 

RCA-8627 cathode-drive 

Be sure to evaluate the RCA-8627 nuvistor for 
any cathode-drive Class C 400-to-1200 Mc power 
amplifier, oscillator or frequency-multiplier appli
cations. For more information, call your nearest 
RCA District Office or write RCA Commercial 
Engineering, Section F-19DE·4, Harrison, New 
Jersey 07029. 

amplification characteristics at 1 Ge 

Power Gain 10 db 

Useful Power Output 1.4 watts 

Or ivi ng Power (approx.) 0.14 watt 

Plate Efficiency (approx.) 40 per cent 

Heater Power (150 ma at 6.3 v) 0.95 watt 

RCA Electronic Components and Devices, Harrison, N. J. RCA DISTRICT OFFICES- EAST, 32 G ree n St .. Newa rk, N.J . 071 02 , 1201) 
485-3900 • MID-ATLAN TIC 605 Morlton Pike, Haddonf ield, N.J . 08034, 
1609) 428-4802 • MID-CE NTRAL , 25 11 Eas t 46th St ., Bui ld ing Q2, At ki nson 
Sq uare, Ind ianapo lis, Ind. 46205, 1317) 546-4001 • CENTRAL 446 East 
Howa rd Ave ., Des Plaines, Ill. 60018, 13 12 ) 827-0033 • WEST, 6363 Sunse t 
Blvd., Ho ll ywood , Cal if. 90028, 1213) 461-9171 (.The Most Trusted Name in Electronics 

"" Circle 127 on reader service card 
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TWO OUTSTANDING EXAMPLES OF ZELTEX TECHNICAL 
LEADERSHIP IN AMPLIFIERS AND COMPUTER ELEMENTS 

These are j ust two examples of Zeltex amplifier " Firsts." You are sure to 
find a Zeltex component that will match your performance, quality, and 
price requirements-Zeltex offers the industry's broadest line. Call your 
Zeltex engineering representative today! 

MODEL 131 

Differential Operational 
Amplifier 

with 

FIELD EFFECT 
TRANSISTORS! 

Input lmpedance-3000 megohms! 

• Input Current-1 nanoamp maximum! 

Zeltex introduces the Model 131 differ
ential operational amplifier-the first of 
its kind to employ field effect transistors 
to achieve exceptionally high differen
tial and common mode input imped
ance with low current. Utilizing silicon 
transistors for highest reliability, Model 
131 is offered in a small encapsulated 
model with machined connecting pins 
to facilitate etched circuit card mount
ing. 

Key Specifications: 
Gain : 100,000. 
Gain-Bandwidth Product : 1 me. 
Offset Voltage : Adjustable to zero with 

internal potentiometer; 
20 µv/°C and SO µv/8 hr stability. 

Input Current : 1 nanoamp maximum. 
Temperature coefficient of 0.1 na/°C 
(0°C to +40°c) . 

Input Impedance: 3000 megohms. 
Output : ± 10 volts, ±4 ma, frequency 

for full output of 80 kc. 
Temperature Range: 0°C to +60°C. 
Power Requirement: ±15 vdc. 
Price: $125. 
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J & J ASSOCIATES 
Walrham , Mac;c;achusetts 
241 Crescent Street 

Milford, Connecticut 

DOOLITTLE ELECTRONICS CORP. 
Fayetteville, New York 13066 
P. 0 . Box 97 

Rocheste r, New York 14623 
516 Hol lybrook Road 

HARVEY J. KRASNER ASSOCIATES 
Great Neck, New York 11021 
33 Great Neck Road 

DE NCO 
Ph iladelphia, Pennsylvania 
P. 0 . Box 11599 

TIBY CO. 
Cleveland, Ohio 
2245 Wa rrensville Center-Rd. 

Detroit, Michigan 
8701 Fenkel I Avenue 

Dayton, Ohio 
195~ N. Main St reet 

TECHNICAL MARKETING, INC. 
Winter Park, Florida 
75S West Fairbanks Avenue 

Greensboro, North Caro lina 
2218 Briarlea Road 

Hun tsvi ll e, Alabama 
2109 West Clinton Ave. 
Largo, Florida 
P. 0. Box 344 

TEXAS AVIONICS COMPANY 
Seabrook, Texas 77586 
1108 Meyer 

Dallas, Texas 75206 
451S Prentice Street 

AZTEC ENTERPRISES, INC. 
Albuquerque, New Mexico 
5206B Constitution, N. E. 
Englewood, Colo rado 80110 
3385 South Bannock 

AW ELECTRONICS 
Seattle, Washington 
74 S. Lu cille Street 

WIELER & COMPANY 
Downey, California 
10842 So. Paramount Blvd. 

Los Altos, California 
One First Street 
Arizona 
Enterprise 365 

ELECTRONETIC SYSTEMS, LTD. 
Toronto, Ontario 
2171 Avenue Road, Suite 102 

CONTROLS AND INSTRUMENTS 
New York, New York 10016 
15 E. 40th Street 

NEOTRONIC INSTRUMENTS 
Carlton, Victoria 
62 Queensberry Street 

ZELTEX, INC. 
2350 Willow Pass Road 

Concord, California 

Solid-State Model 1408 ±100 v 
Operational Amplifier for less 
than $100*! 

Say good by to vacuum tu bes. 
Zeltex can deliver from stock the 
new Model 140B, an all si licon 
solid- sta te operational amplifier 
with FET chopper, that delivers 
a full 200 vo lt output swing at 
20 milliamperes for less than 
$100! 
*( In quantities of 100 or more. 
$135 for 1 to 9.) 

Compare these other key specifi
cations : • drift of less than 3 µ.v/ 
°C • built-in zero offset voltage 
adjustment • 107 DC open loop 
gain • 1.0 megacycle gain-band
width product • 30 pA input cur
rent offset with 5 pA/°C drift to 
reduce erroneous signal voltages. 

So, say goodby to vacuum tubes 
-get the full story on solid-state 
Model 140B. Another first from 
Zeltex, technical leader in am
plifiers and computer elements. 
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New Products 

Circuit modules for infrared instruments 

Company decides to market solid-state module devices originally 

developed for its own infrared detection equipment 

Equipment design can be vastly 
simplified and manufacturing costs 
cut if the designer can call on a 
ready-made module instead of hav
ing to choose many components. 
The Barnes Engineering Co., which 
makes infrared detection measure
ment systems, had been making 
circuit panel boards for its own 
equipment, and now has put the 
boards on the market. They are 
called Circules, a word coined from 
"circuit" and "module." 

Circules in a research radiometer. Handles 

J 

There are 24 different panel 
boards in the Circule line; each 
contains about 50 components. For 
example, the EC200, a general pur
pose amplifier, has 23 resistors, 14 
capacitors, 8 transistors, 4 diodes, 
and 5 te~.point plugs. Keyed con
nector pins prevent the modules 
from being inserted into the wrong 
slot in the equipment. 

locked into place on boards swing out (board at left) 

The modules were developed for 
use in space exploration equipment 
and industrial radiation-measuring 
instruments. Specific applications 
are in infrared radiometers, infra-

Circule circuit module to trigger 
silicon -controlled-rectifiers. 
It is one of 24 panel boards 
designed for infrared systems. 

Electronics I June 28, 1965 

for removal of board if servicing or replacement is required. 

red dimensional gauges and cam
eras. The equipment is used to 
measure the diameter of glass tub
ing and to determine the tempera
hire of wire cable and steel rods, 
and in a wide variety of reliability 
monitoring operations for both 
electrical and electronic compo
nents. 

The Circule line has panel boards 
for bandpass and supersynchro
nous filters, synchronous demodula
tors, power supplies, a servo-am
plifier, a reference signal generator, 
a thermoelectric power control and 
a circuit for firing silicon controlled 
rectifiers. 

Barnes uses Circules in radiom
eters which make radiation and 
temperature measurements of dis
stant objects, thermographs which 
show the distribution of tempera
ture over the surface of objects, 
and equipment for automatically 
tracking high-speed missiles, rock-

ets, drones, and jet aircraft in pow
ered flight. 

A typical Circule designed as a 
control circuit for firing silicon con
trolled rectifiers is shown in the 
accompanying illustration. The 
photograph of the Barnes R-8T2 
research radiometer shows how the 
Circules slide into place. 

The R-8T2 weighs 41 pounds and 
consumes 61 watts. An earlier ver
sion of the same equipment using 
conventional circuitry weighed 130 
lbs and consumed 400 watts. 

Specifications 

Width 
Depth 
Thickness 
Connector contacts 
Panel base 
Price range 

5 4/ 8" 
4 11/16" 
3 / 32" 
15 
Glass-reinforced epoxy 
$285 to $950 

Barnes Engineering Co., Stan'lford 
Conn. 

Circle 350 on Reader Service Card 
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FAST 
@[6~&~ 
PULSES 

1 v output sweep 20 nsec/cm: 
sensitivity 200 mv/cm. 

from the new 
hp 8000A 

PULSER 
·i .b. ~~ ..;;I.SER AMl'l.llUOE 7' l"llClAllO (VIJ(fV ~ 

~ I 1 

l 
IO 

Ideal for work with fast circuits and for 
determining transition times of semi
conductors, the Hewlett-Packard 8000A 
Pulser provides pulses with rise time 
less than 1 nanosecond at a repetition 
rate of 100 kc. A flat top is held for at 
least 100 nsec, and overshoot and pulse 
top variations are less than 2%. 
Adjustable amplitude in a 1, 2, 5 se
quence, 0.1 to 10 v, either polarity. A 
trigger output of 0.5 v into 50 ohms, 
available 200 nsec ahead of the pulse, 
permits use of the 8000A with a sam
pling oscilloscope without a delay line. 
The compact 8000A Pulser is only 5 1/s" 
wide (130 mm) and 3· 7 /16" high 
(87 mm). Price $375*. 
Ask for a demonstration from your 
Hewlett-Packard field engineer or write 
for data to Hewlett-Packard, Palo Alto, 
California 94304, Tel. (415) 326-7000; 
Europe: 54 Route des Acacias, Geneva; 
Canada: 8270 Mayrand Street, Montreal. 

Data subject to change without notice. *Price 
in U.S.A. f.o.b. Palo Alto, Calif. For price in 
other countries, call your local hp sales office. 

HEWLETT PACKARD 

An extra measure of Q'ltat-ity 
12778 
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New Components and Hardware 

Flexible co-ax cuts leakage 

An extended helical outer conduc
tor offers a solution to one problem 
that plagues small flexible coaxial 
cables: leakage and broken wires. 
The braided wires in conventional 
cable tend to snap when the cable 
is bent or twisted; and since it is 
hard to weave wires evenly around 
a small core, air holes often cause 
signal leakage at high frequencies. 

Making the cable with a con
tinuous outer conductor of thin 
metal has not been entirely success
ful because the sheath peels and 
cracks when the cable is bent. But 
polyethylene dielectric wrapped in 
a helix around the inner conduc.:tor 
and then coated with a thin cop
per film overcomes that drawback, 
because when the cable is bent, the 
helix moves like a bellows. The 
configuration is similar to that of 
conventional electrical B-X cable. 

The metal outer conductor, 0.001 
inch thick, adheres to the dielectric; 
since both move together when the 
cable is bent, the danger of crack
ing is minimized. Sharp bends do 
not affect characteristics, and im
pedance remains within specifica
tions even when the cable is wound 
around a %-inch mandrel. 

The transmission line, which 
weighs about 40% less than exist-

ing flexible cable, is said to reduce 
leakage at frequencies up to 10 
gigacycles and to have more than 
10 times the resistance t~~adiation 
damage of braided wire cables. 
The maker, Cinch division of 
United-Carr Inc., claims that the 
cable has better electrical proper
ties than either rigid lines made of 
tubing or flexible lines with braided 
wire. 

The cable, called Plaxial , is ex
pected to find wide use in radar 
sys tems , communications satellites, 
and commercial high-frequency 
equipment. It has already solved 
problems for h-f systems used by 
the Army Electronics Command. 

Specifications 

Center conductor 

Dielectric 
Outer conductor 

Jacket 

Weight 
Impedance 
Capacitance 
Velocity of 
propagation 
Max operating 
voltage 
Attenuation 

Price 

27 strands of AWG #37 
tinned copper wire 
irradiated polyethylene 
plated copper, 0 .001 inch 
thick 
irradiated polyethylene, 
0 .010 inch thick 
0 .01 lb per foot 
50 ± 2 ohms 
32 pf per foot 
63.5 % of free space veloc
ity 
3,000 volts 

16 db per 100 ft at 400 Mc 
57 db per 100 ft at 3 Ge 
about 55 cents per foot 

Cinch division of United-Carr, Inc., 70 
Jaconnet St., Newton Highlands, Mass. 
[351] 
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The next time, buy Weston 

Our Panel Meters 
are available 
off-the-shelf 

• Available coast to coast • Competitive prices • Same-day delivery 

•Fastest delivery on custom designs• Local service 

Ask for Weston ... Call your local Weston distributor or Sales-Servicenter today. 

QUALITY BY DESIGN 

~WESTON INSTRUMENTS. INC. 
614 Frelinghuysen Avenue, Newark, New Jersev 07114 
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"Special" Pulse Generators are made 
to order at TI. Modular construction 
allows assembly of the right building 
blocks to meet your requirements. 
Now, "specials" cost you no more, 
frequently cost less than conven
tional pulse generators. 

For example, the 6613 is an eco
nomical general-purpose unit with 
PRF from 15 cps to 15 me, priced 
at only $950. Another model, the 
6325, is a ten-channel, word-bit pro
grammable unit operating up to 2 5 
me. The single unit does the job of 
ten discrete generators, at half the 
cost, and fits in a cabinet 23 in. 
wide, 38 in. high, 18 in. deep. 

TI Pulse Generators give you out
standing performance: PRF's to 100 
me, fast rise and fall times, variable 
pulse width and delay, variable rise 
and fall times, plus and minus out
puts, pulse mixing, programmed and 
random word generation. You have 
your choice of portable or rack
mounting cases. 

·when you need special pulse gen
erator performance, choose one of 
the thousands of standard pulse gen
erator combinations from Texas In
struments. For more information, 
contact your nearest TI Authorized 
Representative or write to the Indus
trial Products Group in Houston. 

INDUSTRIAL 
PRODUCTS 
GROUP 

TEXAS INSTRUMENTS 
INCORPORATED 

, P . 0 . BOX 66027 HOUSTON, TEXAS 77008 
. 11e RUE du RHONE GENEVA, SWITZERLAND 
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New Components 

High-density series 
of push-pull connectors 

J 

The MARC 53 series is part of a 
completely reliable family of high
density connectors. The Lepracon, 
a member of this series, is reported 
to be the smallest high-perform
ance multipin available today. The 
new series (high-reliability versions 
of the standard 43 series) feature 
Posilock coupling, a push-pull de
sign that allows mating of the high
est density models with only finger
tip pressure. In this design, a dual 
positive locking action eliminates 
accidental disconnect. 

MARC 53 also features Posiseal, 
a multiple environmental sealing 
system said to provide an environ
mental integrity never before pos
sible. The series has been designed 
to comply with the latest Air Force 
specifications, MIL-C-38300 Rev A. 
Microdot Inc., 220 Pasadena Ave., 
South Pasadena, Calif. [352] 

Sealed relay bases 
have smooth contacts 

A line of smooth contact, environ
mentally sealed relay bases is an
nounced. Polarization and contact 
alignment is achieved by use of 
extended stud mounting hardware 
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in conjunction with an alignment 
pin built into the relay header. This 
feature allows easy relay replace
ment in virtually inaccessible 
places. Sealing is accomplished by 
a resilient rubber grommet and a 
drawn aluminum compression cup. 
Sealing plugs are supplied to fill 
the voids where the customer omits 
contacts. The grommet is perma
nently bonded to the nylon body 
of the receptacle to provide pres
sure sealing of each wire, even if 
the back shell (compression cup) 
is not used in box mount applica
tions. Designed to meet military 
specifications controlling relay 
headers, these bases will find ex
tensive application where high re
liability relays and timers are de
signed for use in airborne control 
systems. Solderless, crimp-type 
contacts conform to MIL-C-23216 
and can be installed with the 
MS3191 hand tool or power tooling. 
Burndy Corp., Norwalk, Conn. [353] 

Transistor sockets 
offer reliability 

Miniature printed-circuit type and 
chassis-mount type transistor sock
ets are announced for T0-3, T0-5, 
T0-8 and T0-18 transistors in a 
wide variety of panel materials, 
thicknesses and configurations. 
Over-all dimensions vary from l/4 
in. high and % in. diameter up
wards. All contacts are machined 
beryllium copper silver I gold fin
ished. Terminations may be 
straight for dipsolder or with tur
ret, solder pot or for rivet-in. Body 
material is normally G-10 glass 
epoxy. Lengths of leads may be 
accommodated from 0.125 in. up
wards. The sockets, proven reliable 
under the most rugged conditions, 
are designed for use in airborne 
or severe-service applications. 
Nugent Electronics Co., Inc., Box 486, 
New Albany, Ind. [354] 
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For your choice of more than 10, 5 3 4 
TI converters, just select the input/ 
output functions that meet your re
quirements. Then you get an A-D 
Converter composed of carefully 
engineered, field-proven functional 
modules that exactly fit your job 
... "made to order" from TI. 

With Series 846 Converters, you'll 
get speed as high as 69,000 conver
sions/ sec including built-in sample 
and hold. You'll get accuracy to 
0.025% of full scale and high input 
impedance (I 00 megohms) for sin
gle-ended or differential units. And 
for low-level conversion, you get 
high common-mode rejection. 

You can also have your choice of TI 
Multiplexers from 32 different mod
els. Multiplexers can be furnished to 
accommodate 10 to 160 channels at 
sampling rates to 50,000 channels/ 
sec. Four channel-select versions are 
offered: addressable, addressable/ 
sequential, sequential or direct 
channel-select. 

When you need an A-D Converter 
or Multiplexer, choose one of the 
"made to order" instruments from 
Texas Instruments. For more infor
mation, contact your nearest TI 
Authorized Representative or write 
directly to the Industrial Products 
Group in Houston. 

INDUSTRIAL 
PRODUCTS 
GROUP 

TEXAS INSTRUMENTS 
INCORPORATED 
P. O. BOX 88027 HOUSTON, Tl!XA8 77008 
118 RUii d" RHOH& GENEVA, SWITZERLAND 
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NOW! Tone Selective Signaling 
to Alert or Activate up to 11,000 

Decoder Equipped Units! 

134 
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S&G ELECTRONICS' 

ET 12-4 
ENCODER 

AND DECODERS 

S&G Electronics now offers a 
complete line of encoding and 
decoding equipment which 
completely eliminates the nec
essity of continuous receiver 
monitoring in two-way com
munications. 

With an S&G ET 12-4 En
coder in the base station and 
the Decoder (vacuum tube or 
transistorized) in mobile or 
subsidiary units, selective 
paging of any individual unit is 
possible in almost any com
munications system-regard
less of size! 

A "group" or "all" call is 
also available so that all mo
bile units can be called simul
taneously for emergencies , 
general information distribu
tion, etc. Better yet, these ET 
12-4 units are compatible with 
almost any similar communi
cations system. 

Why not write 
us now for details. 

ET 12·4 r SELECTIVE SIGNALING 
Another fine product 

from the leaders in the 
resonant reed field . 

·~ SARGENT & GREENLEAF. Inc. 

Circle 134 on reader service card 

New Instruments 

Transistor parameters measured 

at low signal levels by analyzer 

Bootstrapped operational ampli
fiers can be used in a linear bridge 
circuit to measure semiconductor 
parameters at low signal levels. 
An instrument named the dynamic 
semiconductor impedance analyzer 
eliminates the distortion that oc
curs when general purpose bridges 
are used with high level signals. 

In addition, Denro Lab's model 
365 enables the designer to plot a 
complete family of characteristic 
curves in the same time it takes to 
obtain a few points with the bridge 
techniques. It is completely solid 
state, and measures current gain, 
dynamic junction impedance, and 
input and output capacitance at 
100 kilocycles. 

For capacitance measurements, 
Denro's analyzer provides a full
scale sensitivity of one picofarad 
with an applied voltage of only 
10 millivolts. On the 30-picofarad 
scale and above, the applied test 
signal is kept constant at one milli
volt. A metered internal power sup
ply allows testing at bias values up 
to 100 volts d-c, either positive or 
negative. 

The chopper-stabilized bias me
ter provides full scale current read
ings in seven ranges from 100 mi
croamperes to 30 milliamperes and 

full scale voltage readings from 
300 millivolts to 300 volts. The de
vices under test can either be 
plugged into a socket at the front 
of the instrument or tested in the 
actual circuit with a probe. 

The instrument employs two op
erational amplifiers in a modified 
unbalanced linear bridge circuit 
driven from a stabilized 100-kilo
cycle source. The amplifiers pro
vide both a constant low test volt
age and a linear output that is 
proportional to admittance. One of 
the amplifiers follows the output 
of the 100-kc oscillator, while the 
other measures the voltage across 
one of a pair of matched precision 
resistors. 

With no unknown connected 
across the test terminal, the voltage 
drop across the resistor is equal in 
magnitude but opposite in phase to 
that of the oscillator, resulting in no 
current in the bridge; hence, the 
meter reading is zero. When an 
unknown impedance is connected 
to the terminals, the voltage output 
of the bridge circuit will be propor
tional to the ratio between the re
sistance and the unknown imped
ance. This ratio is the unknown 
admittance. 

The system is extremely linear 
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and sensitive, due to a large 
amount of current feedback (boot
strapping) around the operational 
amplifier loops. The guard system 
isolates stray capacitances from the 
test terminals. For example, when 
measuring impedance in a circuit 
with a remote probe, it is impor
tant to eliminate the cable capaci
tance so that no loss of sensitivity 
results. With the guard system of 
Denro's analyzer, the shield of the 
remote probe is operated at the 
guard potential, which effectively 
neutralizes capacitances up to sev
eral hundred picofarads. An addi
tional convenience when measuring 
in-circuit parameters is that the 
chopper stabilized d-c meter pro
vides a simultaneous measurement 
of the d-c potential as well as the 
dynamic impedance at the meas
urement point. 

A d-c analog output is available 
at the rear of the instrument for 
go-no go limit sensing, or display 
on external monitors such as os
cilloscopes, digital voltmeters and 
X-Y recorders. The model 365, 
working with a curve tracer, can 
present a display of the various dy
namic parameters of a transistor 
as a function of polarizing voltages 
or currents. 

Resistive and electronic current 
limiting is incorporated in the bias 
power supply so that the power 
dissipated in the device under test 
can be automatically limited to val
ues as low as 100 milliwatts ; thus 
avoiding damage to sensitive com
ponents. 

Specifications 

Capacitance ranges 

Accuracy 

Impedance ranges 

Accuracy 
Comparison 

measurements 

Test signal: frequency 
amplitude 

Internal bias supply 

Size 
Weight 
Price 

Delivery 

l, 3, 10, 30, 100, 300, 
1000 picofarads full 
scale 
,.,33 of full scale 
+ 0 . 1 pf 
3 , 10, 30, 100, 300, 
1000 ohms, 3 mea· 
ohms center scale 
± 5% at center scale 
To an accuracy of 1% 
of capacitance or im· 
pedance 
100 kc ± 1% 
10 mv on 1, 3, 10 pf 
ranges, 1 mv above 
10 pf 
Continuously var;able 
from 0 to ± 100 v 
d-c at currents up to 
10 ma 
17 in . x 9 in. x 9 in. 
17 lbs. 
$955 (Model 3 65) 
$1035 (Model 365- 1 
with internal bias 
ramp generator for 
oscillographic 
display) 
2 weeks 

Denro Lab, 1643 Forest Drive, Annapo-
lis, 21403, Md. [381] ~ -
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Sangamo offers 72 hour delivery on 
all prototype encapsulated inductors. 
With Sangamoencapsulated inductors, 

your assembly time is shortened. 

There's no need to solder individual 

SIZE: The type ET is a minia
turized toroidal inductor. Dimen· 
sions, shown on diagram, make it 
ideal for mounting on circuit 
boards where spacing is critical. 
Any custom inductance value 
from l.OOmh to 2.50h is available 
at no additional cost. 

CONFIGURATION: The 
design of the ET-1 provides an 
excellent wash area for easy flux 
removal after soldering. Units are 
available with a third terminal to 
provide a tapped inductor. 

wire leads to terminals. Mount the 

Sangamo inductor onto the card and 

dip solder-that's all. 

.375 
MAX. 

FEATURES: Vacuumencap
sulated units assure a void-free 
envelope. Inductors are imper
vious to moisture and have 
extremely stable electrical and 
temperature characteristics, plus 
exceptionally high Q values. Send 
for Engineering Bulletin 2721A. 

SANGAMO ELECTRIC COMPANY. P .O. BOX 359. SPRINGFIELD, ILLINOIS 62705 
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MIAL'S sealed polystyrene capacitors surpass all film 
capacitors in life span ... reliability ... freedom from drift 
... leakage resistance (more than 500,000 megs) and 
"Q" factor. MIAL offers the widest range of "polys" in 
production quantities. 

Capacitance, 20 pF to 600,000 pF; capacitance toler
ance from ±0.3% to ±20%; temperature coefficient, 
NlOO and Nl50 ±50 PPM/ •c; Voltage, 33 VDCW to 
1000 VDCW. 

MIAL 602 
High Reliability Precision Type 

MIAL 603 
Printed Circuit Mounting
High Reliabil ity Precision Type 

MIAL 610 
Sub-Miniature 

MIAL611 
General Purpose Nl50 

MIAL 612 
Printed Circuit Board Mounting 

MIAL613 
Axial-Lead Close Tolerance 

MIAL 614 
Radial Lead Close Tolerance 

MIAL 615 
End Lead Close Tolerance 

----E:i3J----- MIAL 616 
Axial Lead 

~ 

Write today for new complete catalog. Gives 
Polystyrene 

I 
environmental, electrical and mechanical charac-

Capacitors terlstlcs, charts and dimensions. 

@M•AL)M.l.A.l . 
Ml~l- u. s. A., I N c. 

1650 FRANKLIN AVENUE, NUTLEY, N.J. 07110 • (201) 667-1600·1601 
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FOR VIBRATION CONTROL IN 

Use 
HELICAL ISOLATION SYSTEMS 
In environments of intense vibration, Helical Isolation Systems 
have effectively isolated sensitive gear from the surrounding vibra
tion envelope. One well known Helicopter manufacturer* uses this 
type of isolation technique for a sensitive transducer Q 
mounted in the aircraft. If you are concerned with this 
or a similar type of environment write to Dept. RZ-111. 
* Name on request 

AEROFLEX LABORATORIES INCORPORATED 
•OUTH ••AVIC• AQAO • PLAINVl•W • LONCI ••LANO • N•W va .. K ueo:a 
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NEW! Heath-Built 
10" Recorder/ Electrometer 

•Recording pH meter 
•Pico ammeter capability 
•Recording millivoltmeter 

Model EUW-301 
Only 

$3QQOO 
Excellent research in· 
strument! .. . For photo
meter readout, etc. . . . 
Shunt it to read 500 pico 
amperes full scale with 
50 mv input! Reads pH 
0-14 or any unit of pH 
full scale .. . 50-1400 
mv in six ranges. 
Assembled EUW-301, 
26 lbs. $300.00 

•------ ------ - - ------- ----JCHE.A.TH Gil'Pal--
1 HEATH COMPANY, Dept. 67·6 -- · l 
l Benion Horbor, Michigan 49023 I 
l 0 Enclosed is $ , plus shipping. Please send : 
I model EUW-301 pH Recording Electrometers. l 
l 0 Please send Free brochure plus Heathkit Catalog. 1 
I I 
1Name l l (Please Print) 1 

l Address l 
I I 
I City State Zip : 

l-_ !~~e! ~-S,P!,~~~.!.i~!!_s_s!~l:~t_t~~~"..!".!I! ~2·~~'!,! ..!'~!!~.:. __ !~·_!!q_ ! · 
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New Semiconductors 

Custom-tailored radiation detectors 

\ 

When a marketing survey showed 
that some government, industry, 
and university laboratories were 
making their own silicon radiation 
detector diodes because they 
couldn't find a supplier, Edgerton, 
Germeshausen & Grier, Inc., de
cided to fill the gaps. 

The survey revealed that while 
some diodes were commercially 
available, they did not cover all de
tection ranges. Edgerton plans a 
custom-tailored service in which 
it will keep a line in stock to meet 
specifications supplied by the cus
tomer for the energy range of the 
particles being detected . and the 
resolution level required. 

The diodes have guard-ring con
struction, in which the active area 
is surrounded by an oxide-passi
vated zone. They provide typical 
energy resolutions of 20 to 25 kilo
electron volts. 

Two families are available in the 
series. The more expensive DSG 
family is constructed with greater 
impurity diffusion depths, which 
provide higher accuracy in detect-

Electronics I ·June 28, 1965 
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ing radiation levels. The DSF fam
ily is for less critical alpha and beta 
detection applications. 

The DSG devices are made from 
high-resistivity (2,000 to 5,000 
ohms/ centimeter) p-type silicon. 
The DSF detectors are made from 
p-type silicon having a resistivity 
on the order of 1000 ohms/ centi
meter. 

The devices may be operated at 
cryogenic or room temperatures. 

Specifications 

DSG Series DSF Series 
Min. Max. Min. Max. 

Effecti ve window 0.2 0.5 0.2 0.5 
(microns) 

Depl etion depth 100 600 50 250 
(microns) 

Active area (sq. m .) 25 350 25 350 
Energy resol ution 30 15 30 15 

(Ki loelectron-
volts, f u ll width, 
half maxi m u m ) 

Leakage cu rrent 0.25 3.0 0.25 5.0 
(µa/cm' ) 
@ Operating 100 250 100 250 
voltage 

Ca pacita nce/cm' 60 85 120 170 
( pf) @ 100 volts 

Price ra nge $,120 to $610 $65 to $275 

Great editorial 
is something 
he takes 
home 
(What a climate for selling!) 

Electronics ., Edgerton, Germe~hausen & Grier, Inc., 
160 Brookli.ne Ave., ! Boston 15, Mass. A McGraw-Hill Market-Directed Publication 
[371] l • "'"' ''"~' · : .-'; ·• ·.·• · .· ssoWest42ndStreet,NewYork,N:Y.100S6 
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New Subassemblies and Systems 

Numerical control with memory 

Control system (cabinet at left) will be used on large turret punch presses. 

Two punched-tape readers, one of 
which acts as a memory for repeti
tive or computer-programed ma
chining patterns, are built into a 
numerical conh·ol system for turret 
punch presses. Airborne Instru
ments Laboratory, a division of 
Cutler-Hammer Inc., says that this 
novel feature cuts by as much as 
15 to 1, the time required to punch 
control tapes manually. 

Detailed instructions for punch
ing a frequently used pattern are 
programed on the tape for the 
auxiliary reader. The main reader's 
tape is programed with instructions 
for locating the pattern on the sheet 
of metal being punched and with 
the codes required to transfer con
trol of the press to the auxiliary 
reader at the start of each pattern
punching operation. The same de
tailed instructions would be avail
able for use over and over, for ex
ample in punching several radio 
chassis in a steel sheet, and would 
not have to be programed into the 
main tape to punch each chassis. 

An initial contract for 10 of the 
all-transistor control systems has 
been received by AIL from the 
Wiedemann division of Warner & 
Swasey Co., which will use the con
trols on Wiedematic presses. A li
brary of computer-prepared auxil
iary tapes is available for punching 
large holes with these machines. 

138 

Such holes are made by nibbling 
with a standard round punch at a 
rate of 100 hits a minute. 

Called the model 902, the control 
system will be displayed for the 
first time at the Product Engineer
ing Show, to be held in Chicago 
Sept. 19 to 29. 

Specifications 

Control type, 
Resolution 
X and Y motion 
Turret pos itions 
Positioning 

speed, max. 
Production rate 
Tape reader 

Tape input, 

Point-to-point positioning 
0.001 inch 
±98.999 inch 
Up to 36 

1,000 inches a minute 
Up to 115 hits a minute 
Photoelectric, 300 charac
ters per second 

coding, format In accordance with EIA 
standards RS-227, RS-244 
and RS-273 

Airborne Instruments Laboratory divi
sion of Cutler-Hammer Inc., Deer' Park, 
N.Y. [401] 

All-silicon counter 
has in-line display 

This decade counter operates at 
rates from 0 to 50 Mc and displays 
the decimal count as accumulated. 
The display includes all decimal 
digits and the decimal point. Out
put carry and output BCD levels 
are provided. Since the circuit uses 
a common, rather than a ground, 
the drive signal may have an ar-

bitrary reference level that matches 
the requirements of a wide variety 
of standard and nonstandard logic 
control levels. 

This building block module is 
for high-speed timing systems, 
computer, industrial control sys
tems, ranging and h'acking systems 
or any application where the ability 
to count reliably at such high 
speeds is required, or where the 
counter must recognize single 
pulses of extremely short duration. 

Model B-100-50 is a compact, 
highly reliable unit in a conveni
ently mounted, rugged case that 
measures 3 in. by 5 in. by 1 in. 
Operating temperature range is 
0°C. to 60°C. Unit price is $142.50 
in quantities of 55 to 99. 
Janus Control Corp., Hunt St., Newton 
58, Mass. [402] 

Servo amplifier 
is small and light 

A miniature servo amplifier has 
been announced for general appli
cation. The 400 cps unit was initi
ally produced for missile and air
craft applications where size, 
weight, low cost and operation un
der adverse environmental condi
tions were of particular importance. 
The unit weighs l oz, has a volume 
of less than 0.8 in.3 , and a maxi
mum power output of 3.5 w, with 
a factory preset gain of up to 4,000-
1. It is capable of working to its 
specification within an environ
mental temperature range of 
-55°C to +125°C with a gain sta
bility of + l db up to 60 db. It re
quires a synchro type mount for 
direct fixing to the gear plate. 
Kollsman Instrument Ltd., The Airport, 
Southampton, Hampshire, England. 
[403] 
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EXERCISES IN REALISM 

Marquardt Simulators Create Total Air Defense Environment 
Operations personnel at major air defense installations 
throughout the world are being trained with Marquardt 
electronic simulator systems which are capable of real
istically creating complete ai.r threat environments. 

Developed and manufactured by the Pomona Division 
of The Marquardt Corporation, these advanced simu
lator-trainers are currently in operation in the USAF 
Air Defense Command and in such countries as Canada, 
Australia, Norway, Denmark, Germany, Greece, Tur
key, Spain, and Portugal. 

In addition, Marquardt is now producing for the 
Japanese Air Self Defense Force (JASDF) a complete 
nationwide air defense simulation system for use with 
Japan's BADGE network. 

MARQUARDT AIR DEFENSE SIMULATION SYSTEMS 

Electronics I June 28, 1965 

Marquardt's trainers meet the basic air defense mis
sion requirements: early target detection, identification, 
interception, and destruction. Combining analog and 
digital techniques to generate realistic radar signals, 
the air defense trainers can handle live and synthetic 
data simultaneously on the operational display consoles. 
The trainees are taught to react and respond to display 
signals typical of "live raid" environments involving 
friendly and hostile targets, SIF/IFF, ECM, and chaff. 

Short of actual combat situations, Marquardt elec
tronic trainers provide highly reliable economical sys
tems for training air defense personnel in maintaining 
the vigil and security of the free world. 
For descriptive brochure, write to Marketing Manager. 

POMONA DIVISION 

2771 NO. GAREY AVE., POMONA, CALIFORNIA 
AN EQUAL OPPORTUNITY EMPLOYER 
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• . l HR 
- RO RATION 

CO RPO 

Chula Vista, California 
9 Miles South of San Diego 

Established in 1940, Rohr has diversi
fied from its basic product line of air
craft components into such products 
as large steerable antennas, rocket
motor liners and nozzles, and modular 
housing structures. Rohr is a leader in 
numerical control equipment. Design
ing our machines is traditional here. 

ELECTRONICS 
ENGINEERS 

Backgrounds should include an EE 

degree and hardware-oriented de

sign and development experience in 

solid state circuits, digital logic tech

niques, and servo-mechanisms. Posi-

. tions at the Senior Engineering level 

are available. Numerical control ex

perience is desirable, but a high de

gree of interest in the field is even 

more important. 

For a prompt interview, please forward a 
complete backgrouAd summary to Mr. N. 
DeWitt, Professional Placement Supervisor, 
Dept. 66, Rohr Corporation, Chula Vista, 
Californ ia. 

Main Plant and Headquarters: Chula Vista, Califor
nia; Plant : Riverside, California; Assembly Plants: 
Winder, Georgia; Auburn, Washington. 

: An Equal O pportunitx_ Employer 
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New Microwave 

Klystron for satellite communications 

Klystron amplifier offers wide bandwidth, high gain and efficiency in a 
small package. The tube is 16.3 inches long and weighs only 22 pounds. 

A klystron amplifier that has the 
power output and the packaging 
simplicity needed for tactical earth
to-satellite communications has 
been developed by Varian Asso
ciates. Designated the V A-884, the 
tube is especially useful as a linear 
amplifier for single sideband sig
nals. The klystron comes in two 
models: a regular "A" version, and 
a "B" model with a Vac-ion pump 
to remove gas caused by tube 
sparking. 

The tube can be mounted and 
operated in any position. It may be 
positioned next to the driver in a 
ground control room, or mounted 
directly on an antenna and operated 
remotely from the control room. 
When it is remotely operated, the 
five cavities are ganged together 
and tuned by a Varian tuner 
mechanism, called VA-1481A, 
which consists of synchronous mo
tors and electrically operated 
clutches. 

The V A-884 may be tuned in 
three modes. In the synchronous 
mode, it is tuned for maximum 
gain by driving the tube with just 
enough input signal to cause a de
flection on a power monitor at the 
tube's output. The cavities are then 
adjusted for maximum outpi1~ 

_P,o}ver. As the P.()~:'.'er ou_tp_ut __ i~ ~ 

creases (with cavity adjustment) , 
the input drive signal level is re
duced. This method of adjustment 
continues until maximum power 
output is obtained with the lowest 
possible input drive signal (usually 
less than 0.5 mw). 

In the high-efficiency tuning 
mode, the tube is first synchro
nously tuned and the drive level 
is then increased by approximately 
10 db. Cavities number 4 and 5 
are then tuned for maximum power 
output. 

The third mode, tuning for wide 
bandwidth, is more complex. First 
the tube is synchronously tuned, 
and then the drive power is in
creased to 4 milliwatts and cavity 
4's tuning shaft is rotated clock
wise (the direction of increasing 
frequency) until maximum power 
output is obtained. Next the power 
input is increased to 16 milliwatts 
and the shaft of cavity 3 rotated 
clockwise to maximize power out
put. Finally the drive level is in
creased to 65 milliwatts, and the 
shaft of cavity 2 rotated counter
clockwise, for maximum power out
put. This method yields a band
width of approximately 35 mega
cycles. at the 3 db point. In this 
mqcJ_I(,. the tube gain js about 53 db, 
·and amplitude response · is ex-
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tremely Hat and independent of 
input drive level. _ 

Varian sells the tube for $12,515. 
Delivery is in 90 days. 

Specifications 

Frequency 5.925-6.425 Ge 
Power output 10-20 kw 
Drive power 5 mw min., 200 mw 

max. 
Gain 55 db avg. 
Efficiency 40 % 
Bandwidth 

1 db point 14 Mc 
3 db point 20 me 

Load vswr 1.05: 1 
Beam current 30 amps d·c 
Body current with drive 30 ma d·c 
Beam voltage 18 kv d·c 
Heater voltage 8 ± 0.5 v 
Heater current 7 amps 
Cooling Glycol / water 
Focusing Electromagnet 

Voltage 2.6 vdc 
Current 7 amps d·c 
Mounting position Any 
Coolant Glycol / water at 0.6 

gpm 

Varian Associates, 611 Hansen Way, 
Palo Alto, Calif. [421] 

Rugged ferrite switch 
rated at 5 kw peak 

The MA-3009A rugged ferrite 
switch, a 3-port device, is a non
reciprocal, coaxial circulator used 
as an spdt switch. Very high re
liability is assured by the inherent 
ability of the ferrite material to 
withstand power overloads. Low, 
85-mw holding power switches 4.2-
to 4.4-Gc r-f at typical speeds of 
1 msec from port 1 to port 2 or 
port 3. Insertion loss through con
nected ports is less than 0.4 db. 
Isolation at the third port is at least 
20 db. Power rating is 5 kw peak 
and 10 w average. Weight for this 
compact unit is only 7.5 oz; dimen
sions are 1 % in. by l 1h in. by 2 in. 
Miniature TM connectors are sup
plied for r-f signals; solder lugs, 
for holding voltage. Present appli
cations include antenna lobing and 
automatic system checkout, switch
ing and transmission line isolation. 
Microwave Associates, Inc., Burlington, 
Mass. [422] 
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Model Hl-188 
Airborne Time Code Generator 

Model Hl-180 
Airborne Time Code Generator 

. -.. - . . . 

.- ""?." - . 

Hyperion 
THE NAME 

FOR PRECISION TIME 
INDEXING AND AUTOMATIC 
SEARCH EQUIPMENT 
AND SYSTEMS 

Hyperion's digital field of concentra· 
tion is precision time indexing and 
automatic search for desired data 
blocks on different recording media 
such as magnetic tape, camera film, 
oscillograph strip chart recordings, 
etc. 

Hyperion can furnish to your specifications 
and application requirements. Your inquiry 
is invited. 

Hyperion 
~INDUSTRIES CORPORATION 

134 COOLIDGE AVENUE, WATERTOWN, MASSACHUSETTS 02172 
TWXN: 617-924-9272 TEL: 617-WA&-0140 

Model Hf-150 
. Time Code Generator 
I 
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"What did you say?" 

"WE SAID, WE·ARE 
YOUR BEST BET 
FOR RECTRONIC 
MATERIALS!" 
We are a primary fabricator and 
supplier of high purity metals and 
alloys, compound semiconductors 
and thermoelectric cooling 
materials. 

PHONE AREA CODE 509 747-6111 
TWX 509-328-1464 Telex 032 610 

IMMEDIATE SHIPMENT BY AIR PRE·PAID 

142 

COMINCO PRODUCTS, INC. 
electronic materials division 

818 West Riverside Ave., 
Spokane, Washington 99201 

8609 
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Super High Sensitivity 

DYNAMIC 
MICROPHONE 

DM-1318 

SPECIFICATIONS 
0 Cartridge : OM.JS (DYNAMIC TYPE) 
0 Frequency Response: 50 -15,000c/s 
0 Deviation: ± 4 dB 
0 Impedance: 600 n 
0 Sensitivity: - 74dB 

fitH I HI 
c/s 50 100 200 500 lk 2k 5k lOk 20k 

For catalog write lo: 

PRIMO CO., LTD. 
2043 MURE, MITAKASHI, TOKYO, JAPAN 
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New Production Equipment 

Lead soldering mechanized 

C • 
A~i1 • ~ - 4 

t.. .. ... 
... ~ . ---
- 1 

----
Lead material is fed from spool at left to carriage and welding 
head. At right are typical microcircuits with soldered leads. 

One byproduct of the swing to 
mechanized, high-volume produc
tion of hybrid mircrocircuits is a 
machine that welds or solders 10 
leads to such circuits at a rate of 
240 circuits an hour. 

The machine, now being sold by 
the Federal Tool Engineering Co., 
can also be used to bond parallel 
leads to any conductive or noncon
ductive surface, including circuit 
boards and modules up to six 
inches long and one inch thick. 

One person can operate two ma
chines and produce 480 assemblies 
an hour, the company says. Load
ing and unloading are performed 
manually. Lead material-round or 
square wire or ribbon-is fed au
tomatically from a spool to mecha
nisms that index the circuit or 
module under the welding head, 
cut the lead to length after it is 
bonded and raise and lower the 
welding head as each bond is made. 
The index plate, which determines 
the lead-spacing pattern, can be 
changed in less than one minute. 

If the leads are to be soldered, 
rather than welded, the contact 
points on the circuit are pretinned. 

Specifications 

Workpiece size 

Lead spacing 

Lead length 
Heating time 
Electrode pressure 
Power supply 

Price 
Delivery 

Up to 6 inches long and 
12 inches thick 
0.040 to 1 inch, variable 
on same workpiece 
1/2 to 1 % inches 
0.3 msec to 1 second 
1 to 25 pounds 
A·c, 1 kva; d·c, capacitor
discharge, 800 mfd 
$5,000 
12 weeks 

The welding electrodes are used as 
resistance heaters. When the lead 
and the solder under it are heated, 
the solder reflows around the lead. 

Federal Tool Engineering Co., 1384 
Pompton Avenue, Cedar Grove, N.J. 
[451] 

Thermocouple junction 
made by hand tool 

A simple hand tool can now do the 
same job as welding equipment in 
making thermocouple junctions. 
The procedure requires placing a 
metal collar, called a Quiktip con
nector, over the paired thermocou
ple wires, and pressing the collar 
with a forming tool to make the 
junction. Quiktip connectors come 
in various sizes to match 14, 20 and 
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24 Awg wires for iron-constantan, 
ohromel-alumel, and copper-con
stantan. The price is $70 for the 
tool, and $12 to $18 per bottle of 
100 connectors, depending on ma
terials and size. Delivery is in 1 to 
2 weeks. The connectors and tool 
are manufactured by the Thomas 
& Betts Co., and sold exclusively 
by Leeds & Northrup. 
Leeds & Northrup Co., 4907 Stenton 
Ave., Philadelphia 44, Pa. [452] 

Testing transistors 

in wafer form 

~ 

~~ .~; .;. :.:.~ -. 

The 920A automatic wafer die sort 
teams with the 1990-TT automatic 
go/no-go transistor tester to test 
and classify up to 75,000 transistors 
a day in wafer form. This elimi
nates costly wasted production 
time on reject units and classifies 
units before final assembly stages. 
Once the 920 probe points are posi
tioned, the probe steps across, 
down, reverses its path and indexes 
until the wafer is completed. Each 
probing point is independently ad
justable in X, Y and Z axes, has a 
variable probing pressure through 
the usable range of 7 to 17 grams, 
and has a usable range of 0.3 in. 
in each plane. X and Y axes are 
independently programable. The 
ring assembly accommodates any 
combination of probing heads and/ 
or inking arms up to a combined 
total of 18. The transistor tester, 
with all solid state circuitry, tests 
up to 24 electrical parameters in 
any sequence, classifies into any of 
six categories, tests all d-c param
eters, and can change parameter 
test limits. Test voltage range is 
0.10 v to 100 v, current readout 
range is 1 nanoamp to 1.10 amps. 
The 1990-TT can also be used for 
final testing. 
Electroglas, Inc., 150 Constitution 
Drive, Menlo Park, Calif., [453) 
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with computerized 
filter and transformer design 
On-target design-with no false starts and no near misses-is one big advantage 
you get in Genisco filters and transformers designed with the help of computers. 

You get faster solutions because computer designs are achieved in minutes 
Instead of hours-and you get on-time delivery and lower shipping costs because 
Genisco plants are spotted in key market areas. 

Computer design also means greater accuracy and the elimination of guessti
mation. You never have to settle for the first solution when you're pressed for 
time because our computer method investigates several design approaches almost 
instantaneously. 

Trial-and-error prototype costs are cut out because designs are automatically 
"performance tested" before production starts. And price quotations are fast and 
accurate. There's never any guessing about costs with Genisco computer design 
of filters and transformers. 

Zero in on this new filter and transformer design capability. Write for complete 
information today. 

C 0 M PONE NT DIVIS I 0 NS: Combined Sales and Application Engineering Department" 

WESTERN UNITED STATES 
6320 West Arizona Circle Los Angeles , Calif. 90045 

Phone: (213) 776-1411 TWX : 213-670-4765 

Qenisco 

I; '' 

EASTERN UNITED STATES 
111 Gateway Road Bensenville, Ill. 60106 
Phone: (312) 766-6550 TWX 312-766-7048 

TECHNOLOGY 
CORPORATION 
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NOW! a NEW Shielded 
High Q Variable Inductor 
with exceptional stability! 

The NEW 
Wee V-L 

ACTUAL SIZE 

Adjustable Inductance range 0. 15µ.h to l 00,000µ.h 
in 0.300" by 0.400'' molded case with 0.200" 
grid spacing. 

24 HOUR DELIVERY! 

The new Wee V-L now offers the design engineer 
th ese important advantages: Meets requirements of 
MIL-C-15305C; unitized epoxy molded construction; 
77 stock values; and shielded for minimum coupling. 

The Wee V-L is the newest product to join the 
Nytronics subminiature family of inductors, ceramic 
capacitors, precision wire wound resistors, thin film 
resistors and delay lines. Use coupon for engineer
ing data! 

Design leaders 
STANDARD components to meet 

CUSTOM requirements 

550 Springfield Ave., Berkeley Heights, N. J. 

MAIL COUPON TODAY FOR COMPLETE 
ENGINEERING DATA ON THE NEW WEE V-L 

r-------------------------------------1 TO: NYTRONICS, INC. 
550 Springfield Aven ue, Berkeley Heights, N. J. 

Please send complete engineering doto on the Wee V·L 

NAME 

TITLE 

FIRM 

ADDRESS 

CITY STATE ZIP 

~-------------------------------------
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.~ I PRECISION CIRCUITS INC 

Specialists in the 
art of producing 

MULTI LAYER BOARDS 
meeting customers 
requirements. 

Inquiries invited. 

Originators of the CIRLOC process 
(pat. app. for). 

PRECISION CIRCUITS, INC. 
93 Weyman Ave., 
New Rochelle, N. Y. 10802 
Phone (914)-235-4300 

''where performance is equal to promise." 

JPL HAS ITS ANTENNA OUT 
for telecommunications engineers 

'* BS or MS in EE or Physics, with experience in RF, mi

crowave, radar or telemetry required. This position en

tails RF and digital performance analysis, data recording 

analysis, and integration of spacecraft and tracking net

work operations. * BS or MS in EE, Physics, Math or Statistics, with expe

rience in the analysis of telemetry, doppler or telecom

munications performance, plus knowledge of computer 

operations required. This position entails establishing per

formance and error models of a spacecraft tracking sys

tem and development of computer-controlled monitors. 

Send your complete resume to: 

~ :a~~a~:~~o~v~~!s?ci~a,'c~;~~aRATORY 
~Attention: Personnel Department 6 
"An equal opportunity employer.'' Jet Propulsion laboratory is opera fed ·by the Cali .. 
lornia Institute of Technol11gy for the National Aeronautics and Spoce Administration. 
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New Books 

Circuit design 

Linear Analysis of Electronic Circuits 
G.M. Glasford 
Addison-Wesley Publishing Co., 
Reading, Mass., 580 pp. , $15. 

This book is intended primarily for 
the undergraduate electronics stu
dent. The circuit designer should 
also find it of some use because 
of the wide range of subjects cov
ered. However, in many cases, the 
depth of the discussion will not be 
sufficient for the practicing engi
neer. 

The book emphasizes electronic 
circuits using active devices and 
gives only very light treatment to 
the analysis of passive networks. 

Both tube and transistor versions 
of various circuit functions are 
analyzed side-by-side in this book, 
a departure from the usual format 
of separate chapters for each. In 
the discussion of basic amplifier 
circuits, for example, the compara
tive design problems of tube and 
transistor circuits are easily ob
served because of the manner of 
presentation. 

There is an analysis of idealized 
mathematical models of electron 
devices, including tubes, transis
tors, and vacuum and gas diodes. 
The field effect transistor is only 
touched upon. 

The book covers all of the various 
forms of linear system analysis, 
such as time domain and frequency 
domain relationships, pole-zero 
analysis, methods of stability anal
ysis, general two-port theory, in
cluding feedback, and signal How 
graph analysis. 

High-frequency model analysis is 
well done. This section includes a 
very useful discussion of peaking 
networks. One area which is neg
lected is the effect of lead induct
ance in high frequency transistor 
circuits, although the same subject 
is covered adequately for tube cir
cuits. 

The high-frequency power ampli
fier section implies that sizable 
amounts of power at hundreds of 
megacycles is essentially beyond 
the capabilities of transistors, 
which is no longer true. 

John Tatum 

TRYLON HLP T-45 LOG PERIODIC ANTENNA 
Single-layer, horizontally-polarized, · 
for 3 to 30 me. 45 ° take-off angle; 
11 db/iso gain; VSWR: less than 2: 1; 
power to 100 kw. 

oner." -You're righ , n..-fttsald 
is:, 

~IDN 
® INCORPORATED 

formerly WIND TURBINE COMPANY 
Elverson. Pa. 19520 (215) 942-2981 - International Division, 750 Uird Avenue, New York, N.Y. 10017, U.S.A. 
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THERMOCOUPLE AMPLIFIER 

MODEL 190 

for 
e RECORDER PREAMPLIFIERS 

e OVEN CONTROLS 

e GLASS FURNACES 

e BEARING MONITORS 

e METER PREAMPLIFIER$ 

e DC SHUNT AMPLIFIER 

A new concept in solid-state DC amplifiers; no tubes, no tran
sistors, no choppers·. Typical gains 4000, ±5 µv null stability; 
ten-year life. Price only $84.00; quantity 'discounts, immediate 
delivery. 

Request Technical Bulletin No. 19 •••• 

~ 
AC ROMAG 

I NCORP O RATED 

• ... a .cromag 15360 TELEGRAPH ROAD DETROIT, MICHIGAN, 48239 Shockley Laboratories 
ITT Semiconductors 
Palo Alto, Calif. 

.... . ' .... ,. ;. . "'""'" '"""..,..•" '~----' 
TELEPHONE (313) 538•4242 TELETYPE 313•538·4536 

·-· . ··,, :• ..... .. . 
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146 

TOUGHEST METAL-CLAD 
TIP JACK ON THE MARKET! 

TWO TERMINAL ~ CLOSED ENTRY 
TYPES: CONTACT 
105-200-220 Seri es · ' DESIGN : 
-Type " A" (Turret) 

1 
Excludes entry 

105-200-2 11 Series - = of Tip Plug .085", 
-Type " C" (Eyelet) - or larger ! 

These high reliability metal-clad tip jacks are built to take 
it! Molded of tough, low-Joss polyamide, they're designed 
to withstand severe environmental temperature, vibration 
and salt spray conditions. Closed entry contact design 
excludes entry of tip plug .085" or larger-prevents acci
dental contact damage caused by careless probe insertion. 
Heavy, nickel-plated brass jacket. Gold-plated, beryllium 
copper contact spring. Current Rating: 5 Amps. Voltage 
Breakdown: 8,000 Volts DC. Capacity to 1/s" Panel : 3.8 
pf. Furnished with 1,4"-32 nut and Jock washer-available 
in 10 attractive colors molded to Federal Standard 595. 

40 AMP. BINDING POST-Designed for fast, 
easy installation with high rel iability. Molded of 
low-loss polyamide with silver-plated brass stud 
and self-captivated thumb nut. Rated at 40 
amps, 7,000 Volts DC breakdown. Insulation 
resistance greater than 200 megohms after MIL· 
T-54228 test. Capacity toy,• Panel: 3.5 pf. Six 
standard colors to Federal Standard 595. 

DETAILED CATALOG AVAILABLE-In addition to connectors, Johnson 
also manufactures other quality electronic components. Write for our 
Components Catalog 984. 
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SPECIFICATIONS: MODEL 602A - GAUSSIAN DISTRIBUTION: Symmetric1I non
clipped wive form 111 11n1es. FREQUENCY RANGES: 20 cps to 20 kc , 20 cps to 500 
kc, ind 20 cps to 5 me. OUTPUT SPECTRUM: Uniform from 20 cps to 20 kc wilhin 
± 1 db, 20 cps to 500 kc within ± 3 db, 500 kc to 5 me within ± 8 db. OUTPUT 
VOLTAGE: Maximum open circuit at le1st 3 volts for 20 kc ranee, 2 volts 500 kc 
ran1e. ind 1 volt 5 me range. TYPICAL SPECTRAL DENSITY (with 1 volt rms outpul): 
5 mv/ ,1 cps for 20 kc ran11. 1.2 mv/ vCPs 500 kc ran11. ind 0.4 mv/ ,t cps 5 me 
ron11. CONTINUOUS AMPLITUDE CONTROL - FIVE POSITION OUTPUT ATTENU
ATOR: Xl.O, XO .I. X.01 , X.001 , ind X.0001 : Accu11cy ± 3% to 100 kc , ±10% to 
5 me. OUTPUT IMPEDANCE: Const1nt 900 ohms on direcl outpul ; 200 ohms on step 
attenuated output. OUTPUT VOLTMETER: 0·5 volt, calibrated to read rms value of 
Gaussian noise. Oper•tinc T1mper•tur1: 0 to 50 degrees C. POWER REQUIREMENTS: 
115/ 230 volts ± 10/ 20 volls. 50 to 1,000 cps, approx. 5 wilts; rech11ge1ble b1ttery 
option available. DIMENSIONS: 5'An high x Bo/1 " wide x 11 " deep. P•nel heicht for 
19" rel1y·mk mountin1 is 51,\ ". PRICE: $290. DELIVERY: Stock to 30 d1ys. 

---------------------------, 
Planning to change your address? 

Use the form below to indicate a change of address. 
Because our issues are addressed in advance, please 
try to allow at least 5 weeks for change of address to 
become effective. Attach the address label from your 
most recent issue in the space provided below. 

[Please print the following information for proper service] 

Title or position . 

Name 

Chief job responsibility .. . ... .. .. .. . .. ... . ..... . 

Company and Div .. . .. .... .... .. . . ... . ....... . 

Product or Approx. No. 
Service .. ...• .. ...••. . ..••...•...... of employees .. 

Address 

City 
State or 

.. Prov • .. . .. • . .•• ............ . . Zone 

Mail to: Fulfillment Manager, Electronics 
P.O. Box 430, Hightstown, N.J. 08520 

*Paste present mailing label or address 

from wrapper or envelope here. 

-----------------------------
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Technical Abstracts 

Steerable antennas 

Electronically steerable antennas for 
spacecraft-to-spacecraft communica
tions 
Dennis L. Backus 
Grumman Aircraft Engineering Corp., 
Bethpage, N.Y. 

Antenna systems that are electron
ically steerable show promise for 
future space missions. They permit 
a large number of beams to be 
steered independently. Gain and 
bandwidth can be increased to give 
better system performance without 
susceptibility to r-f interference. 
Antenna beams can be placed se
lectively to cover desir~d spatial 
areas. 

Two types of antennas appear 
practical in that suitable compo
nents are available in the frequency 
range of one to 10 gigacycles. These 
types, the retrodirective antenna 
and the transdirective antenna, can 
be applied to spacecraft-to-space
craft and Venus-spacecraft-earth 
communication links. 

The retrodirective array works as 
an active device to reflect a signal 
back towards its source. In a vari
ation called a retroredirective an
tenna, it receives energy from one 
direction at one frequency and re
transmits it in another direction at 
a different frequency. 

The transdirective antenna makes 
use of the properties of a Butler 
matrix array to form multiple 
beams at two separated frequen
cies. Similar arrays are utilized 
at each frequ ency; the elements of 
each are spaced at approximately 
half a wavelength. 

Another promising design is 
an antenna with 16 elements in a 
cylindrical array abou t the space
craft's spin axis. This antenna is 
particularly suited for spin-stabil
ized spacecraft. 

Actual power in each channel 
can be low. A retrodirective array 
of 4,000 elements could have an 
effective radiated power of 400 
kilowatts with only 100 milliwatts 
supplied at the ou tput stage of 
each channel. A conventional para
bolic reflector antenna of identical 
aperture must handle 400 watts to 
achieve the same ERP. 

\Veight of such arrays must be 
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Thin, flat odd-shaped precigion 
parts have yoq vpa tree??? 

use~ of 
Tt1Uor'1 
proba bilMt11 
to solve your problems 

This is where experience counts! Chances 
are Photoforming by Hamilton will get you quickly 
from the drawing board stage to prototype production 
of thin, odd-shaped precision parts. No dies ... no 
burrs ... no bent edges _ .. no stresses ... no delays 
when parts are produced by the Hamilton process 
called Photoforming. Another plus, Photoformed 
parts can be heat-treated, plated, or formed according 
to your specifications. 0 What can you lose? Invest a 
postage stamp and discover greater flexibility and 
freedom of design. Write for the facts-no obligation 
or high-pressure sales talk-just useful data on 
Hamilton's Photoforming and other facilities. 

*HAA41LTON 
WATCH COMPANY 

INDUSTRIAL ANO MILITARY PRODUCTS DIVISION • LANCASTER, PA. 
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NEW PRECISION POL YVARICON 

Model PVC-LX20T Polyvaricon is AM two gang 
miniture-sized Polyethylene Variable Capacitor which 
has a capacity tolerance ± ( I pF + I %). Maximum 
variable capacity is 140pF ANT . . 82pF OSC . "Q'' 
characteristics is over 500 at I OMc 50pF. Trim
mer capacity is over 8pF. The Dimension being 
20mm x20 mm x 13mm. 

Main Products 
Polyvaricon · IFT · Osc illator coil· Antenna 
coil· Composite coil · Special coil ·Micro 
motor · Synchronous motor · Variable re
sistor·Trimming potentiometer· FM tuner· 
TV tuner · Various sockets· CdS photo• 
conductive cell. 

• 
MITSUMI ELECTRIC CO.,LTD. 
New York offict: 11 Broadway, New York, N.Y. 10004, 

U.S.A. Phone: HA-5-3085,3086 
Main office: 1056, Koadachi, Komae-machi , Kitatama-gun, 

Tokyo, h?•• · Phone: Tokyo 415-6211/23 
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For Erie Components In-Stock Call 
.ARIZONA 
Phoenix . 

Kierrulff Electronics Corp.-273-7331 
CALIFORNIA 
Glendale 

R. V. Weatherford Co.- 849·3451 
Inglewood 

Newark Electronics Corp.- OR4·8441 
Oakland 

Elmar Electronics, lnc.- TE4-3311 
Palo Alto 

R. V. Weatherford Co.- DAl-5373 
San Diego 

R. V. Weatherford Co.-BR8-7400 
South Pasadena 

Capacitors, lnc.- M U2-3541 
COLORADO 
Denver 

Newark-Denver Elect. Supply-757-3351 
DISTRICT OF COLUMBIA . 
Hyattsville, Maryland 

M ilgray/ Washington, I nc.-U N4-6330 
FLORIDA 
Orlando 

Crescent Elect. Sales Co.- 423-8586 
ILLINOIS 
Chicago 

Newark Elei;tron ics Corp.- ST2-2944 
INDIANA 
Indianapolis 

Graham Elect. Supply, lnc.-M E4-8486 
MARYLAND 
Baltimore 

Whlse . Radio Pts. Co .• lnc.-M U 5-2134 
MASSACHUSETTS 
Boston 

DeMambro Elect ronics- 783-1200 
Newton 

Cramer Electronics, I nc.- W09-7700 
MICHIGAN 
Detroit 

Newark-Ferguson Elect., I nc.-548-0250 
MISSOURI 
St. Louis 

Electronic Components for Industry 
Co. - 647·5505 

Kansas City , 
ECI Semiconductor, lnc·.- 931·0829 

NEW MEXICO 
Alamogordo 

Kierrulff. El.ectronics Corp.- 437-0370 
Albuquerque 

Kierrulff Electronics Corp.-268-3901 
NEW YORK 
Ne w York 

Arrow Electronics- MY4-6800 
Newark Electronics Center- 255-4600 
M ii gray Electronics. I nc. - YU9-1600 

Rochester 
Rochester Radio Supply Co.- 454-7800 

NORTH CAROLINA 
Winston-Salem 

Electronic Wholesalers, lnc.- PA5-8711 
OHIO 
Cmcinnati 

Newark-Herrlinger Elect. Corp.-
421-5282 

Columbus 
Electronics Marketing Corp.-299-4161 

OKLAHOMA 
Tulsa 

Engineering Supply Co.- LU 3-8121 
PENNSYLVANIA 
Ph1ladelph1a 

Radio Elect. Serv. Co. of Pa., lnc.
WA5-5840 

Pittsburgh 
Cameradio Company- 391-4000 

TENNESSEE 
Nashville 

Electra Distributing Co.-AL5·8444 

TEXAS !~~~~ Dallas 
~i¥~?.irnng supply co. "!3!' !.1!.@M' 

Houston +;.;.1.li!Sfjl IE 
Engineering Supply Co. ~ 
- M06-2175 ~ 

WASHINGTON , 
Seattle 

Universal Electronics 
Co.- MA3-2783 

FORMERLY ERIE RESISTOR CORP. 
644 Wes1 12th S1re•t 

£11•. Pennfylvanl• 
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Technical Abstracts 

reduced to less than 1/s lb per chan
nel to qualify for space systems. 

Presented at the ION / AIAA National Space 
Navigation and Spacecraft Communication 
Meeting, Houston, Tex., April 30. 

Long distance communications 
Airborne experimental program for 
beyond-the-horizon microwave 
communications 
Chester A. Hines, 
Research and Technology Div .. 
Wright-Patterson Air Force Base, Ohio 

Passive reflectors and active satel
lite repeaters have been used to 
establish beyond-the-horizon mi
crowave communications, hut they 
require terminal equipment with 
low-noise receivers, high-gain an
tennas and high-powered transmit
ters . 

In this paper, the author de
scribes an experimental airborne 
system which could transmit be
yond the horizon, via a satellite, as 
efficiently as with large ground ter
minals. The study proposes equip
ping a C-121C aircraft with a two
foot parabolic reflector antenna 
with a Cassegrain feed , a maser re
ceiver cooled by liquid helium, and 
a transmitter capable of delivering 
10 kilowatts of c-w power at X
band. 

Because the microwave antenna 
has a relatively narrow beamwidth 
(5° x 5°) for an airborne antenna, 
a computer and servo-drive system 
are required to track the satellite 
and achieve maximum antenna 
gain. An error of only 2.5° will re
sult in a loss of 3 decibels, related 
to the full antenna gain. The com
puter will use information from the 
aircraft's navigational sensors , and 
the orbital time or velocitv vectors 
of the target, to provid~ signals 
for positioning the antenna. 

The X-band receiver was de
signed for passive satellite com
munications in an earlier project 
called "Leap Frog." It comprises a 
maser amplifier, local oscillators, 
converts which provide a fixed in
termediate frequency, and a de
modulator with outputs for moni
toring and recording signal data. 

The proposed system test will in
volve the Syncom 3 satellite and 
other satellites now being planned. 

Presented at Naecon, Dayton, Ohio, 
May 10-12 

NORTON 
Magnetic Tape 
Heads ~ 

3503-

SERIES 3500 
• CROSSTALK-6008 

• + 75°C Temperature Operation 

Send now for complete technical literature. 

NORTON 
ASSOC/A TES. INC 

240 Old Country Road Hicksville N Y 
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Send to: Electronics Reprint Dept. 
330 West 42nd Street 
New York, N. Y. 10036 

For listing of reprints available 
the reader service card. 

To help expedite mailing of your 
reprints please send cash, check or 
money order with your order. 

For reprints of the latest special 
report: 

Uninjunction Transistors 

see 

Send me reprints of key no 

R-74 at 50¢ each. 

For reprints of previous special 

reports fill in below: 

Send me .. 
no.(s) . . . 

. reprints of key 
at . ¢ each. 

For prices see the reader service 
card. 

Name .. ..... ....... .•. ....•... . · 

i Number & Street ... ... .. ..... · · · · 

: City, State . .... ..••....•. .. . · · · · · 

' 
: Zip code ...... .... .... · · · • • · · · · · 
' ·-----·------------------------ .. ---·---·-----------
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preferred 
space 

... aerospace of course. The need for its investigation, exploration, utilization and control make it the 
preferred space for any power determined to defend its position and interests. 

At Grumman we are designing tactical, commercial and scientific vehicles whose missions range from 
ASW to space stations. Our products include: 

• OV-1 Mohawk-Electronics surveillance aircraft for a variety of ground forces. 
• S-2E Tracker-Carrier based package of highly specialized ASW electronic systems. 
• E-2A Hawkeye-Sophisticated carrier or land base earlier warning aircraft. 
• A-6A Intruder-Locates, tracks and destroys targets obscured by weather or darkness. 
• F-111 B-Supersonic Aircraft of a revolutionary character. 
• OAO-Orbiting Astronomical Observatory 
• LEM-Lunar Excursion Module to land astronauts on the moon. 
• Gulfstream & Gulfstream II-Turboprop and fan jet corporate transports. 

Grumman with its wide range of programs is virtually a continuous seminar in a technology as boundless 
as space itself. Engineers and scientists preferring this kind of environment for their own abilities are urged 
to explore these specific opportunities in the space below. 
Communications Systems & Equipment Engineers-BSEE with a 
minimum of 2 years experience in Communication and Radio Navi· 
gation Hardware Engineering. Familiarization with the following 
equipments is desirable: H .F. (SSB), VHF/FM & AM, UHF/ FM & AM , 
Voice & Data Link Communications Equipment, ADF, VOR, TACAN, 
Radar Altimeter, and Doppler Navigation. Duties include: Systems 
integration, analysis of equipment design, circuit & component 
analysis, preparation of equipment specifications & test documents, 
liaison with subcontractors & contractors; laboratory & vehicle sys· 
tem testing. 

EMC System Engineers-With ability to perform system analysis, 
state-of-the·art reviews, and develop advanced EMC techniques. 
Will be responsible for generating design data, control plans, test 
plans, directing tests, analyzing results, generating fixes, and pre· 
paring reports for systems in accordance with MIL·E-6051C. Famili· 
arity with WR.-27 and MIL-STD-449 is essential. 

Radar Development Engineers-BSEE with a minimum of 4 years 
experience in the analysis, design and development of airborne radar 
systems. Should be capable of analyzing the radar system with the 
end view of integrating the equipment into a complex space vehicle 
system. Will fully participate in laboratory and flight development 
program conducted in the finest facilities available in a professional 
atmosphere. 

Maintainability Engineers-B.S. in Physics., EE, ME, or AE with a 
minimum of 3 years Maintainability experience in Weapon Systems, 
Aero-Space Systems, or Ground Support Systems. Analytical st1,Jdy 
and proposal background as well as practical design experience. is 
essential. Work responsibility will involve determination of main
tainability requirements, pertormance of maintainability apportion
ments, feasibility studies, trade-offs, and development or main
tainability programs during conceptual stages of new system i:Je
velopments. Background in statistics, probability, and operations 
research methods desirable. Airline or Military Maintenance En· 
gineering experience in lieu of Design experience will be consider.ed. 

Reliability Systems Engineer-B.S. in Physics, EE, ME or AE and a 
minimum of three years professional experience to perform a 
variety of aerospace vehicle studies with the capability for pro
posal preparation. Requires a systems perspective, a backgrounil 
in systems design or analysis, an understanding of mission require
ments and a desire to perform diverse work under tight schedules. 
Responsibilities require experience in developing system models 
at the conceptual design stage for defining mission objectives in 
terms of reliability, maintainability and operational availability 
design requirements. Must be capable of performing independent 
studies and supporting advanced development efforts to advance 
the state of the art in reliability and availability design techniques. 
A working knowledge of applied statistics, probability and the 
methods of operations research is essential. 

(Additional opportunities on following page) 

GRUMMAN 
AIRCRAFT ENGINEERIN G CORPORATION 
Beth page• Long Island• New York 

An Equal Opportuni ty Employer 
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(Continued from previous page) 
Reliability Ground Support Engineers-BS in Physics, EE, ME or AE 
with a minimum of 3 years experience in Reliability and with 
practical design experience in Aerospace Ground Support Equip
ment. Knowledge of elements of good reliability programs and 
command of the state-of-the-art reliability techniques is essential. 
Must be capable of performing independent design reviews for 
reliability, in conjunction with mainta inability, flight -equipment 
designers and ground support design eng ineers. Background in 
statistics, probability and operations research methods desirable. 

Re l iability Test Engineers-BS in EE, AE, ME, Physics or math with 
4 years experience in Reliability to include test design and evalua
tion, test methods, research or stress test to failure programs. Must 
be familiar with all kinds of reliability test techniques and have 
demonstrated ability in evaluation and formulation of new test 
techniques or approaches from basic mathematics through labora
tory procedures and ability to work closely with systems and design 
engineers under tight schedule conditions is essential. 

Relia bil it y Engineers-B.S. in Physics, EE, ME or AE with a minimum 
of 3 years experience in Advanced System Reliability Studies and 
proposals in addition to some practical design experience. Knowl
edge of the elements of good reliability programs and command of 
the state of the art reliability techniques is essential. Assignment 
will be heavy in conceptual stages of new Weapon and Aero-Space 
Systems where it is necessary to analyze Reliability and System 
etfectiveness requirements and define the technical and manage· 
ment approaches. Background in statistics, probability, and opera
tions research methods desirable. 

Sen ior Support Systems Eng ineers-BS EE with 5-10 years experience 
in Electronic Support Systems for Miiitary aircraft, missiles o r 
spacecraft. Du t ies consist of design, development. and integration 
of complex electronic support equrpment. B ackground in radar, 
servo mechanisms, analog / digital interfaces or digital computers 
essential. 

Senior Ci r cuit Des ign Engineers -BS EE with 5 to IO years experience 
in soli d state circuit design to military specifications. Exp erience 
with broad band amplifiers, A / D or 0 / A converters or hig h speed 
(10 me) switching circuits desirable. Knowledge of packaging tech
niques for cordwood construction and integrated circuits h el p ful. 

Digital Support Syst ems Eng ineers-BSEE with 3 to 5 years expe
rience in mditary d1g1tal and data processing equipment. Must be 
capable of performing a comprehensive analysis of digital equip· 
ment to establish support concepts and define support require· 
ments . 

Logic & Switching Engineers -BSEE with 3 to 5 years experience in 
d1g1tal logic. timing & control, arrthmet1c elements and time sharing 
systems. Must be capable of developing a detailed logic design 
from system spec1f1catmn Should be able to perform detailed sys 
tem analysis to minimize hardware, eliminate hazards and timing 
oroblems and specify testing requirements . 

El ect ron ic Des ig n Engineers-BS or equivalent with 5 to 10 years 
expenence in checking, designing and drafting of Electronic and 
Electro ·Mechan1cal dev ices. Must have a c o mprehensive knowledge 
of the latest Electrical and Electronic Packaging and Design tech · 
n1ques : thoroughly familiar with the application and selection o f 
electrical c ompo nents. 

Electrical Power Systems Support Engineers -Graduate Engineers 
with a minimum of 4 years experience in one or both of the f ollow· 
ing: Aircraft & Space Vehicle, Electrical Power Systems, Support 
Equipment. Power & Control Circuits for Hydro-Mechanical Ground 
Support Equi pment and Environmental Test Installations. 

Servo Engi n eers - Graduate Engineer with a minimum of 4 yeJrs 
experience 1n one or more of the following : Circuit Analysis. Servo 
Design, Inertial Nav1gat1on Displays, and Flight Instruments. 

Ca libration & Maintenance Enginee rs -BSEE or M E preferred with a 
minimum of 5 years experience in establishing procedures for 
Ground Support equipment calibration and maintenance. Must be 
p roficient in measurements and fami l iar with Standards and Cali
bration equipment. Sound knowledge of commercial and military 
specifications concerning calibration and maintenance of electrical, 
electronic, electro-mechanical, fluid and mechanical support equip
ment required. 

Training Equipmen t Su pport Engineers-BSEE with servo experi
en ce or Phy si c s background for optical design equipment. Minimum 
of 5 y ea rs ex p e rienc e required. 

Su pport Site Act ivation Eng ineers-Graduate engineer (ME, AE or 
EE) with 5 or more years experience in SUPP.Ort Equipment installa
tions. In any of the following GSE disciplines: fluids, electrical
electronics, handling and transportation, and instrumentation. 
Duties include system engineering, interface documentation, speci
fications and liaison associated with the manufacture, installation , 
and maintenance of GSE at new spacecraft test and / or launch 
complexes. Assignments available at Long Island , White Sands, 
Texas and Florida. 

NOTE: Positions a lso avai la ble in t h e a bove a r ea s to 
Februa ry or June ' 65 Engineer in g G ra d uates 

Use the attached inquiry form to arrange a mutually 
convenient interview. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

Bethpage . Long Island • New Vork 

An Equal Opportunity Employer 



Employment Electronics Opportunities 

QUALi Fl CATION FORM 
FOR POSITIONS AVAILABLE 

ATIENTION: Engineers, Scientists, Physicists 
This Qualification Form is designed to help you advance in the electronics industry. It is 
unique and compact. Designed with the assistance of professional personnel manage
ment, it isolates specific experience in electronics and deals anly in essential background 
information. 
The advertisers listed here are seeking professional experience. Fill in the Qualification 
Farm 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 companies. 

What To Do 
1. Review the positions in the advertisements. 
2. Select thase for which you qualify . 
3. Notice the key numbers. 
4. Circle the corresponding key number below the Qualification Form. 
5. Fill out the form completely. Please print clearly. 
6. Mail to: Classified Advertising Div., Electronics, Box 12, New York, N. Y. 10036. 

COMPANY 

ATOMIC PERSONNEL. INC. 
Phila .. Po . 

ELECTRONIC COMMUNICATIONS INC. 
St. Petersburg, Flo . 

GENERAL ELECTRIC CO. 
Syracuse, NY 

GRUMMAN AIRCRAFT ENGINEERING CORP. 
Bethpoge, LI, NY 

JET PROPULSION LABORATORY 
Pasadena. Calif. 

LOCKHEED MISSILES & SPACE CO. 
Sunnyvale, Calif . 

ROHR CORP. 
Chula Vista, Calif. 

SPERRY RAND CORP. 
St. Poul, Minn. 

* These adn•rtio:.:C'ments appeared ln the June 14 issue. 

PAGE KEY# 

203* 

151 2 

202 3 

149, 150 4 

144 5 

182* 6 

140 7 

201* 8 

·-------------------------------------------------(cut here ) (cut here) 
Electronics Weekly Qualification Form For Positions Available 

(Please type or print clearly. Necessary for reproduction.) 

Personal Background 
Name ........... . ... . . 
Home Address 
City .......... . .. .. . . ........ . .... . . · zone . '. '. '. '. ·. '. '. '. · state : : : : : : : : : : : : : : 
Home Telephone 

Education 
Professional Degree(s} .. . . . ..... . 
Major(s) ....... . ... . 
University 
Date(s) 

Fields of Experience (Please 
D Aerospace D Fire Control 
D Antennas D Human Factors 
D ASW D Infrared 
D Circuits D Instrumentation 
D Communications D Medicine 
D Components D Microwave 
D Computers D Navigation 
D ECM D Operations Research 
D Electron Tubes D Optics 
D Engineering Writing D Packaging 

Category of Specialization 

Check) 
D Radar 

Radio-TV 
Simulators 
Solid State 
Telemetry 
Transformers 

D 
D 
D 
D 
D 

6/ 28/ 65 

D Other .. ........ . . 
D 
D 
D 

Please indicate number of months experience on proper lines. 

Research (pure, fundamental, basic) 
Research (Applied) 
Systems (New Concepts) 
Development (Model) 
Design (Product) 
Manufacturing (Product} 
Field (Service) 
Sales (Proposals & Products) 

Technical Experience Supervisory Experience 
(Months) (Months) 

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 

Electronics J June 28, 1965 

SEEKING A 
LEADERSHIP 
POSITION? 

If so, one of these 
demanding descriptions 

may fit you 

• SECTION MANAGER, TRANS
MITTERS. To direct aggressive de
velopment programs for UHF, high 
power and state-of-the-art minia
turized RF transmitters. He should 
have ten years of experience in the 
design and engineering supervision 
of military communications equip
ment : it should have given him 
personal drive, demonstrated lead
ership ability, unusual technical 
understanding and keen administra
tive insight. 

• SENIOR STAFF ENGINEERS, 
RECEIVERS. Leadership capability 
sufficient for immediate assumption 
of key roles in vigorous development 
programs for solid-state microminia
ture receivers. Positions require six 
to eight years of experience and in
depth knowledge of receiver design 
fundamentals. 

• PROJECT ENGINEERS, SPACE 
INSTRUMENTATION. Technical 
ability of the very highest order is 
required. Six to eight years of exper
ience, preferably data handling, 
control, or analog instrumentation. 

• MICROELECTRONICS SPECIAL
ISTS. Senior- and intermediate-level 
responsibilities in a rapidly expand
ing microminiaturization and thin
f i l m program. Sound technical 
knowledge and demonstrated super
visory skill required. 

If you qualify, there's a leadership 
position open for you at Electronic 
Communications, Inc. You can in
crease your professional rewards 
and personal satisfaction by con
tacting ECI today. 

ECI has built a solid, successful 
reputation in airborne communica
tions, multiplexing and space instru
mentation . The Company offers 
pleasant living conditions and unu
sual educational and cultural oppor
tunities in St. Petersburg, Florida. 
And it offers you a chance to parti
cipate in further growth through 
technological contribution. Call col
lect Duane Meyer (813) 347-1121, or 
send him your resume at ECI, Box 
12248B, St. Petersburg, Florida 33733. 
(An equal opportunity employer.) 

-
ELECTRONIC 

COMMUNICATIONS, INC. 
St. Petersburg, Florida 
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FOR INFORMATION 
about Classified Advertising 

contact the McGraw-Hill 

office nearest you 

ATLANTA, 30309 
S. CROFT 
1375 Peachtree St., N.E. 
875-0523 (Area Code 404) 

BOSTON, 02 116 
J. KOVACS 
McGraw-Hill Bldg., Copley Square 
COngress 2-1160 (Area Code 617) 

CHICAGO, 60611 
WM. HIGGENS/PETER PECK 
645 No. Michigan Avenue 
MOhawk 4-5800 (Area Code 313) 

CLEVELAND, 44113 
D. SHOEMAKER 
55 Public Square 
SUperior 1-7000 (Area Code 216) 

DALLAS, 75201 
D. TRAMMELL 
1712 Commerce St., Vaughn Bldg. 
Riverside 7-9721 (Area Code 214) 

DENVER, 80202 
D. WATSON 
1700 Broadway, Tower Bldg. 
255-2981 (Area Code 303) 

DETROIT, 48226 
J. ANDERSON 
856 Penobscot Bu ilding 
962-1793 (Area Code 313) 

HOUSTON, 77025 
K. GEORGE 
Prudential Bldg., Holcombe Blvd. 
Riverside 8-1280 (Area Code 713) 

LOS ANGELES, 90017 
R. McGINNIS 
1125 West Sixth Street 
HUntley 2-5450 (Area Code 213) 

NEW YORK, 10036 
D. HAWKSBY /H. BUCHANAN 
500 Fifth Avenue 
971 -3593 (Area Code 212) 

PHILADELPHIA, 19103 
WM. SULLIVAN/ D. NORDHOFF 
Six Penn Center Plaza 
LOcust 8-6161 (Area Code 215) 

PITTSBURGH, 15222 
D. SHOEMAKER 
4 Gateway Center 
391-1314 (Area Code 412) 

ST. LOUIS, 63105 
WM. HIGGENS 
7751 Carondelet Avenue 
PArkview 5-7285 (Area Code 314) 

SAN FRANCISCO, 94111 
J. A. HARTLEY 
255 California Street 
DOuglas 2-4600 (Area Code 415) 
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SEARCHLIGHT SECTION 

FOR SALE 
Used Closed Circuit Television Cam
eras and Viewers. Also Special In
dustrial High Band Radio and Trans
mitters and Receivers. 

Details available on request 

Contact: J. R. HEARN 
Phone: 212 OR 9-3500 

MERRITT-CHAPMAN & SCOTT CORP. 
260 Madison Avenue, New York 16, N.Y. 

CIRCLE 951 ON READER SERVICE CARD 

SPOT 

..... 
TWI - 36" Lead $11.65 
AC and Stored Energy Power Supplies 
and Welding Heads 

EWAL.D INSTRUMENTS 
KENT, CONN . 06757 

CIRCLE 954 ON READER SERVICE CARD 

FOR SALE-IN OUR STOCK*-FAST DELIVERY 
Oltmplete Systems-spare parts-Test Eqpt. 

e Meteorological-RAWIN . AN / GMO.I. SCR. 658, 
GMM-1, 2, TS -538. AMT -2, 4, Saloons. Refl ectors 

e TACAN-AN / GRN -9 8 . AN - URN -3 A. AN / SR N -6. 
AN / GRA -34, AS-585. 6/ URN -3 Antennas 

e WEATHER RAD A R, Ultrasonic Cl ea ners. De-
tail ed brochures upon request . 

ALVARADIO INDUSTRIES 213-870-0216 
3101 Pico Blvd. Santa Monica. Calif. 90405 

CIRCLE 955 ON READER SERVICE CARD 

PROFESSIONAL 

SERVICES 

GIBBS & HILL, Inc. 
Con1ul1ing Engineer! 

Systems En1lneerl:11 
Operai.1001 Research • Denlopment 
Field Studies • Destin • Procurement 

Power • Transportation • Communications 
Water Supply • Waste Treatment 

393 Seventh Avenue New York 1. N. Y. 

.----JI SEMICONDUCTORS 1-----. L MAJOR BRANDS 
INTERGRATED CIRCUITS e DIF. AMPS DAR
LINGTON$ • POWER DIODES & TRANSISTORS 
• SPECIAL DEVICES 

Wrire for Caralog 5-J 
SEMICONDUCTOR SALES OF CALIF. 

1063 Perry Annex Whittier, Calif. 
(213) 696-7544 

CIRCLE 970 ON READER SERVICE CARD 

SPECIAL SERVICES 

Nameplates, Decals. Hard-Hat Labels, Tool 
checks. Si gns of all kinds. Free catalog. Seton 
Corp., Dept. Elec. New Haven 15, Conn. 

SEARCHLIGHT 
EQUIPMENT 

LOCATING 
SERVICE 

No Cost or Obligation 

This service is designed to help you, the 
reader of SEARCH LIGHT SECT ION, to lo
cate used or rebuilt equipment not cur
rently advertised . 

HOW TO USE: Check the ads in this 
SEARCHLIGHT SECTION to see if what 
you wont is advertised. If not, print clearly 
the specifications of the equipment and/ 
or components wonted on the coupon be
low, or on your own letterhead. 

THIS IS A SERVICE TO OUR READERS. 
THIS PUBLICATION DOES NOT BUY, SELL 
OR STOCK EQUIPMENT OR MATERIALS 
OF ANY TYPE. Your requirements will be 
brought promptly to the attention of the 
used equipment dealers advertising in this 
section. You will receive replies directly 
from them. 

Obviously, the list of such advertisers is 
limited by comparison with the over 63,000 
subscribers to ELECTRONICS, all directly 
engaged in the electronics industry. A 
small 'EQUI PMENT WANTED' advertise
ment in the SEARCHLIGHT SECTION will 
bring your needs to the attention of ALL 
who read ELECTRONICS. The cost is low 

. . just $27 .25 per advertising inch
~8" x 2-3/ 16". 

SEARCHLIGHT EQUIPMENT 
LOCATING SERVICE 

CLASSIFIED ADVERTISING 

c/ o Electronics 

P. 0. Box 12, New York, N. Y., 10036 

Please help us to locote the following 
used equipment: 

NAME _____ ---- _________ __________ - -- - - - - - -- - -· 

TITLE ------------------------ _ ----------------

COMPANY·-------------------------------- ---

STREET ---------------- - -------------- --------

Cl TY __ ------------- --- _________________ __ •• __ _ 

STA TE __________ ___ _________ ZIP CODE _______ _ 

Electronics I June 28, 1965 



New Literature 

Semiconductor reliability. Fairchild 
Semiconductors, 313 Fairchild Drive, 
Mountain View, Calif., 94041. A 32· 
page brochure consists of a presenta
tion that details steps in the manufac
ture of silicon semiconductor devices 
to assure their reliabili ty. 
Circle 461 on reader service card 

Selector switches. Cherry Electrical 
Products Corp., P.O. Box CB465, High
land Park, Ill. A four-page brochure 
illustrates and describes a line of cross
bar-type selector switches for program
ing, circuit des ign and testing, sequenc
ing automatic equipment and other 
appl ications requ1r1ng rapid circuit 
selection. [462] 

Choppers. Ja mes Electronics, Inc., 4050 
N. Rockwell Ave., Chicago, Ill. , 60618, 
offers catalog F-5186 coveri ng a line of 
solid state photoelectric chopper /relays 
employing photo-resistive cells and 
associated light sources. [463] 

Thermal switching relay. Metals & Con
trols Inc., a co·porate division of Texas 
Instruments Inc., 34 Forest St., Attle
boro, Mass. The Klixon 59000 series 
ambient compensated thermal switch 
ing relay is described in bullet in 
COMT-9. [464] 

Ceramic capacitor chips. Gulton Indus
tries, 212 Durham Ave., Metuchen , 
N.J ., has published a bulleti n on a new 
l ine of discrete capacitor chips for use 
in hybrid microcircuits. [465] 

Standard wound coils. Cambridge Ther
mionic Corp., 445 Concord Ave., Cam
bridge, Mass .. 02138, has released a 
product news bulletin on standard 
wound coils with guaranteed volume 
dependability. [466] 

Silicon h-v cartridges. Edal Industries, 
Inc. , 4 Short Beach Road, East Haven 
12, Conn., has issued a new bulletin 
describing the series L line of silicon 
high-voltage cartridges. [467] 

Hall effect manual. Helipot Division of 
Beckman Instruments, Inc., 2500 Har
bor Blvd. , Ful lerton, Calif., 92634, 
offers a 64-page technical manual on 
Hall effect. Included is a bibliography 
listing over 275 articles, papers and 
reports on Hall effect. [468] 

Multiple-output, d-c power supplies. 
Dressen-Barnes Electron ics Corp., 250 
N. Vinedo Ave., Pasadena, Calif. Bulle
tin E-65 illustrates and describes vari 
ous mu ltiple-output, d-c power supplies, 
discusses how and when to specify 
them and gives application form for 
determining prices and delivery. [469] 

Operational amplifiers. George A. Phil
brick Researches, Inc., 22 Allied Drive 
at Route 128, Dedham, Mass., 02026, 

Electronics I June 28, 1965 

offers a 104-page book entitled "Gen
eralized Instrumentation for Research 
and Teaching-a Primer in the Art of 
Using Operational Amplifiers in Gen
eral Utility Instrumentation ." For a 
free copy write on company letterthead. 

Quartz crystals and filters. McCoy Elec
tronics Co., Mt. Holly Springs, Pa ., has 
publ ished a catalog highlighting a com
plete line of both high and low fre
quency quartz crystals and filters. [470] 

Coaxial relays. Magnecraft Electric Co., 
5565 N. Lynch, Chicago, Ill., 60630. 
Bulletin No. 465 on coaxial relays de
scribes a wide selection of r-f switch 
ing relays, including varied mounting 
arrangements, integrated with an ex
tensive choice of proven relay struc
tures. [471] 

Phase-to-voltage converter. Solid State 
Electronics Corp., 15321 Rayen St., 
Sepu lveda, Calif ., offers a bulletin on 
the model 791 solid state, silicon, 
phase-to-voltage converter. [ 472] 

Resistor catalog. RCL Electronics, Inc., 
One Hixson Place, Maplewood, N.J. , 
announces availability of an expaneded 
eng ineering catalog of precision wire
wound resistors, power resistors and 
networks. [473] 

Capacitance bridge. Boonton Electron 
ics Corp., Route 287, Parsippany, N.J., 
07054. A four-page technical data bul
letin discusses the model 74D, a 100-kc 
capacitance bridge. [474] 

Transmitters and frequency sources. 
Sanders Associates, Inc., 95 Canal St., 
Nashua, N.H. , has issued a six-page 
bullet in covering a new line of solid 
state transmitters and frequency 
sources for uhf and microwave appli
cations. [475] 

Digital display system. Farrand Con
trols, Inc., 99 Wall St., Valhalla , N.Y., 
10595, offers a brochure describing a 
numerical control digital display sys
tem for machine tools. [476] 

Soldered connections. Alpha Metals, 
Inc. , 56 Water St., Jersey City, N.J., 
07304, has available an illustrated tech 
nical bulletin on the proper soldering 
techn iques for assuring economical, re
liable soldered connections. [477] 

Metal film resistors. Jeffers Electronics 
Division, Speer Carbon Co., DuBois, 
Pa ., 15801. A 10-page handbook de
scribes the manufacture and quality 
control of ultraprecise JXP metal film 
resistors, restricted to characteristic E 
of MIL-R-10509. The handbook may be 
obta ined by request, giving full title on 
letterhead. 

To order reprints 

from Electronics 

fill m, cut out 

coupon below, 

insert in envelope 

and mail to: 

Electronics Reprint 

Dept. 

330 West 42nd Street 

New York, N. Y. 10036 

Reprint order form 

For listing of reprints available see 

the reader service card 

To help expedite mailing of your 

reprints please send cash, check 

or money order with your order. 

For reprints of the latest 
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the product is only part of the deal 
Everyone who buys electronic components knows 
it-as electronics has become more complex, the 
resources and philosophy of the component supplier 
have grown more and more important. That's why 
M ullard provides one of the most comprehensive tech
nical information services in the electronics industry. 

The kind of technical information that makes 
Mullard components so much more useful to the 
people who buy them starts with accurate per
formance and specification data, continuously 
brought up to date. 

It also includes detailed applications-engineering 
reports, survey documents covering broad techni
cal areas, an extensive film library, new-product 
seminars devoted to major component advances 
and highly-specialised reports from the Mullard 
Research Laboratories. 

This vital flow of information, and the willingness 
to share the customer's problems before and after 
he buys, is typical of the service that goes with 
Mullard products. Ifwe are not serving you already, 
please let us know if we can help you. 

Mullard electron tubes . semiconductors 
magnetic and other components 

MULLARD LIMITED· MULLARD HOUSE• TORRINGTON PLACE· LONDON. W.C.1 ·ENGLAND 
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France 

Paris Air Show 
Late in May, an American re
porter in Moscow asked 76-year
old Soviet designer Andrei N. 
Tupelov about rumors that he was 
working on a supersonic transport. 
Tupelov replied that he hacl never 
heard of such a project in Russia. 

Three weeks later the world 
heard of it. At the Paris Air Show, 
a plastic scale model was shown 
of the proposed 1,500-mile-an-hour 
plane, designated the TU-144 for 
its designer, Andrei N. Tupelov. 

Crude instruments. It was one 
of three aeronautical spectaculars 
that the Russians showed in Paris. 
The other two were flown there: 
a turbojet transport that can seat 
720 passengers, and a helicopter 
that can lift 25 tons. 

The aircraft impressed visitors 
to the show, but their avionics 
equipment seemed crude by " 'est
ern standards. A British electronics 
engineer, in the cockpit of the 
turbojet transport, said, "The in
struments look heavy and clumsy." 
After examining the helicopter's 
instrument panel, a United States 
engineer called it "strictly World 
War II stuff." 

Mach 2. The Soviet SST seems 
designed to compete with the Brit
ish-French Concorde, whose pro
totype is scheduled to fly in 1968. 
The Soviet newspaper, Izvestia, 
said the TU-144 would be ready 
when the Concorde is. 

The Russian plane will be about 
as large and as fast as the Con
corde, but much smaller and slower 
than a proposed United States SST 
that isn't expected to fly until well 
into the 1970s. Soviet officials say 
the plane will have a three-man 
crew and that all navigational 
equipment will be automatic. 

Comparison. All three SST's 
would have a range of about 4,000 
miles. Here's how they would com-

pare in other respects: 
Cruising speed: Soviet, 1,550 

miles an hour; British-French, 
1,450; U.S., 2,000. 

Payload: Soviet, 121 passengers; 
British-French , 130; U.S. , 200. 

Coming down. " 'hile 'Vesterners 
were examining the Soviet aircraft, 
th e Russians were shopping for 
automatic landing equipment. A 
Soviet navigator said that for land
ing in bad weather, Russian planes 
require 3,280 feet of visibility for
ward and 263 feet vertical. U.S. 
commercial airliners arc now per
mitted to land with only 200 feet 
of vertical visibility and 2.600 feet 
horizontal. 'Vith automatic land
ing, these distances would lw re
duced to 100 feet vertical and 1,200 
fee t horizontal. 

On the day before the opening of 
the Paris show, a British jetliner 
carrying 88 passengers touched 
down in London, using a dual
track automatic landing system 
made by S. Smibh and Sons, Ltd. , 
of England. The landing, the first 
such computer-controlled opera
tion involving passengers , attracted 
attention to the Smith exhibit in 
Paris. 

Elliott-Automation, Ltd. , of Bri
tain has a contract to supply an 
automatic pilot system for the 
Concorde. The Concorde system is 
expected to be fully automatic. 

A French company, Telecom
munications Radioelectriques et 
Telephoniques (TRT), displayed 
the radioaltimeter it will provide for 
the Concorde. 

Soviet Union 

Little light on Lightning 
Apparently finding no big Light
ning bugs, Soviet scientists made 
much this month of the release of a 
sketch and some information about 

Lightning 1 is Soviet version of 
Early Bird . Bulblike objects on 
cylinder are small jets to correct 
orientation. Coils around cylinder 
are for cooling by radiation. 

their communication satellite, 
Lightning 1, which was launched 
late in April. The sketch was new, 
but the data wasn't. 

The satellite is cylindrical, with 
a conical end. Like the United 
States' Telstar and Early Bird, it is 
powered by solar batteries that 
operate through a system of volt
age regulators. The batteries are in 
the six "windmill" panels that un
folded after Lightning attained its 
highly elliptical orbit. 

Few specifics. The Russians said 
ground stations can be small be
cause Lightning's antennas have a 
very narrow beam angle. They did 
not disclose the beam angle, nor 
the size of the ground antennas; 
neither would they specify the fre
quencies at which the satellite op
erates. 

Lightning has relayed a color-tv 
signal from Moscow to a station 
described as being "several thou
sand kilometers away." The Rus
sians did not describe the system 
they used, but it wasn't the French 
Secam nor the American NTSC. 
They did say, however, that Light
ning can relay any kind of color-tv 
signal. 
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Uruguay 

Life before birth 
Every year, dozens of prominent 
physicians and physiologists from 
every part of the globe travel to 
the University of the Republic in 
~ lontcvideo (enrollment 11,500) 
and head directly for the Faculty 
of ~lcdicine, which has become an 
intC'rnational center for the study of 
pn·!_'.naney and childbirth. 

They are attracted by work clone 
at the school's Obstetrical Physi
ology Service, whose electronics 
laboratory is considered by many 
to be the best-equipped in the 
medical field. 

Grants galore. Chairman of the 
obstetrical service is Prof. Roberto 
Caldeyro-Barcia, an electronics-ori
ented physician who has obtained 
grants totaling $600,000 in the past 
11 years from such United States 
institutions as the Rockefeller 
Foundation , National Institutes of 
Health and the Josiah Macy Jr. 
Foundation. 

The electronics lab is headed by 
Jorge Pantle, who taught himself 
electronics and is , at age 36, a vet
eran of 15 vears in the young field 
of biomedi~al instrumentation. Pan
tle holds a U.S. patent on a system 
that distinguishes the fetal heart's 
electrical signals from those from 
the mother's heart; the method em
ploys electrodes on the mother's 
abdomen. 

International standards. Perhaps 
the institute's outstanding achieve
ment was the developnwnt in 1961 
of a method for measuring several 
physiological functions within the 
uterus. This method, and the meas
urement units that were tailored to 
it, have become international stand
ards , enabling laboratories in one 
country to compare theiT findings 
with those in other nations. 

Few of the institute's instru
ments are entirely new; they use 
standard pressure transducers , car
diotachometers, and other devices 
long known in medical electronics. 
'Vhat impresses medical special
ists , however, is the scope of the 
research done in Montevideo and 
the availability of so many modern 
electronic instruments-more than 
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Roberto Caldeyro-Barcia: physician 
with a bent for electronics 

$100,000 worth-in one place. 
There are instruments for measur
ing dozens of variables during 
every stage of pregnancy to pro
vide precise information about fetal 
heartbeat, pressure in the B.uid that 
surrounds the unborn baby, and 
the energy output of the uterus at 
various stages of pregnancy up to 
the moment of delivery. 

The institute's physicians and 
physiologists attend electronics 
courses conducted by Pantle. These 
serve a dual purpose: they help the 
doctors learn what electronics can 
do for them, and tlwy help Pantle 
and his staff find out what the doc
tors need. 

The Netherlands 

Page One 
Strange music is coming from f-m 
rad io receivers in Belgium and the 

Tetherlands. At 87 megacycles , 
listeners receive beeps in a seem
ingly random series of 34 tone fre
quencies between 1,010 and 6,500 
cycles per second. 

The tones are coded signals, re
laying messages for subscribers to 
an f-m paging system that's al
ready in operation in the Tether
lands and is scheduled to start 

early next year in Belgium. The 
system, called Semaphone, was de
veloped by Philips Gloeilampen
fabrieken, .V., of the e ther
lands. 

Companion. Each subscriber is 
given an 11-pound f-m receiver that 
can accompany him anywhere-in 
a car, on a boat, at a football match. 
The receiver contains a decoder 
that is tuned to respond only to 
the user's private three-tone call
ing signal. Three lamps on the face 
of the receiver are lighted up in 
any of six combinations , represent
ing six predetermined messages. 

From any telephone in the coun
try, a caller can contact any sub
scriber. He simply dials the m11n
ber of the Semaphone exchange, 
then the individual call numbers, 
and finally the number that sig
nifies one of the six messages. 

At the receiver, a buzzer informs 
the subscriber he is being paged. 
He looks at the lamp display and 
quickly gets the message. For ex
ample, a Dutch doctor making his 
rounds might leave a variety of 
codes with his nurse: one would 
mean "call the office," another 
"stop at hospital A," a third "call 
your home," and so on. 

Computer control. At present, 
Semaphone calls are broadcast 
from two transmitters in Holland; 
next year the Belgian Telephone 
Administration will add two more 
transmitters, one near Ba1ssels and 
the other near Liege. 

Calls from both countries will be 
routed through a computer at the 
Hague. The computer, now in op
eration for the Dutch sys tem, trans
forms telephone-dial pulses into 
tone frequencies. Its memory tem
porarily stores digital information 
for each call so that it can be broad
cast again 15 seconds later. 

Permutations. The frequency 
band from 87 to 87.5 megacycles 
will be divided into four channels 
50 kilocycles wide; at any instant, 
each transmitter will be on a dif
ferent frequency, so that every call 
will be broadcast from each trans
mitter in sequence. The calling 
tones will ride in one of these 50-
kc channels, so that each receiver 
will respond only to its own dis
tinctive call signal-a permutation 
of three of the 34 tone frequencies 
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broadcast Olil each channel. 
This permutation permits each 

channel to handle 25,000 call num
bers. Inside the decoder, four tone 
detectors respond in sequence to 
the calling tones. The fourth de
tector closes a circuit; this activates 
the buzzer and switches the indi
cator circuit to the code-tone de
tector. 

The price. About 1,100 Nether
landers have subscribed since the 
system went on the air late in Sep
tember. The Belgian Telephone 
Administration says it should have 
1,500 subscribers in that country. 

Subscribers in Belgium are ex
pected to pay about $14 a month 
for the service, compared with 
about $12 in the Netherlands. Call
ers pay about five cents to dial each 
message. 

Great Britain 

Motorist's navigator 

One of James Bond's least glamor
our driving companions is a com
puterized navigation system that 
keeps him on the trail of Gold
finger. The movie may be fictional, 
but the automobile navigator is 
very real; it's now being tested by 
the British army. 

The system was developed by 
Ferranti, Ltd., as part of the navi
gation system for the proposed 
TSR-2 supersonic fighter. The 
plane has since been abandoned, 
but Ferranti expects its navigator 
to find many uses-in military and 
airport vehicles that must operate 
in dark and fog, in auto events 
such as the Alpine Rally in France 
next month, and ultimately in pas
senger cars. 

Maps on film. In the Ferranti 
navigator, ordinary road maps with 
grid lines superimposed are photo
graphed on 35-millimeter film, one 
map to a frame. A light source 
projects the map onto a five-inch 
display screen beside the driver. 
A ring marker on the display gives 
the vehicle's position, correct to 
within 300 feet regardless of how 
far the vehicle has traveled, and a 
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Navigator nestles beside driver's seat. 

heading marker shows direction. 
The display is mounted on a con

trol panel; the entire unit is 16 by 
9 by 8 inches. Two ring servos 
move the map, either horizontally 
for east-west travel or vertically for 
north-south changes. 

Flux detectors. Data for the dis
play comes from a land navigation 
system developed by the British 
government and produced by the 
Sperry Gyroscope Co. of London, 
a unit of the Sperry Rand Corp. 
The Sperry system uses two mag
netic flux detectors that act as 
compasses to find the vehicle's po
sition. Ordinary magnetic com
passes cannot be used because of 
deviations caused by magnetic ma
terial in the vehicle. 

The flux detectors, on a boom 
extending three feet behind the 
vehicle, are spaced in such a way 
that the vehicle's magnetic effect 
at the nearest detector is twice as 
great as at the farthest detector. A 
small computer first subtracts half 
the output of the nearest detector 
from the full output of the farthest 
detector; this cancels the signal pro
duced by the vehicle's magnetic 
effect. From the remaining signal, 
corresponding to one-half of the 
earth's magnetic flux, the compu
ter determines the vehicle's bear
ing. 

Electronics Abroad 

The distance traveled is picked 
off the odometer. The computer 
performs a dead reckoning by con
tinuously resolving the distance 
and bearing into X and Y refer
ences on the map and counting the 
changes. 

At present, a map display sys
tem costs about $6,500, but Fer
ranti figures mass production can 
cut the price to $2,000 each for 
large orders. 

IC logic 

The first European process-control 
computer using silicon integrated
circuit logic has been designed by 
Ferranti, Ltd., of Manchester. The 
machine, the Argus 400, is less than 
one cubic foot in size. 

Employing single-chip circuits 
mounted in T0-5 cans, the com
puter has add-subtract times of 12 
microseconds, and memory of 4,096 
words of 24 bits. 

The central processor uses fewer 
than 600 elements of 14 different 
types of these new circuits; other 
Ferranti processors use more than 
1,000 elements. 

Six-layer boards. The logic units 
are mounted on six-layer printed 
circuits .boards that are connected 
by wrapped joints. The core unit 
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uses matrix stacks with cycle times 
of two microseconds . Their 0.030-
inch cores are mounted on six cir
cuit panels, four bits to a panel. 

Special input-output units pro
vide for operation of a lamp and 
a printer, selection of analog or 
digital inputs, and generation of 
analog outputs to drive a cathode
ray tube. Up to 4,000 input-output 
channels can be directly addressed. 
A system for direct digital control 
is also available using a direct
access store. 

Japan 

The absentee 
Six of Japan's seven computer com
panies showed their wares June 14 
to 19 at the Hammi Fair Grounds 
in Tokyo, but much of the interest 
centered on the missing manufac
turer, IBM Japan, Ltd., a subsidi
ary of the International Business 
Machines Corp. 

IBM is Japan's biggest producer 
of digital computers, in terms of 
gross sales, and her only exporter. 
The company will introduce models 
20 and 40 of its System 360 late 
next year. The six exhibitors appar
ently hoped to beat IBM to the 
punch; their emphasis at the show 
was on machines now in produc
tion. 

In New York, officials said IBM 
stayed out of the show because it's 
planning its own exhibition "in the 
next few weeks" in Tokyo. 

Honeywell design. The ipnon 
Electric Co. showed its NEAC 2200 
series, which relies heavily on tech
nology obtained from Honevwcll , 
Inc., under a licensing agree'ment. 
The new model 200 corresponds 
somewhat to the Honeywell H-200; 
other models veer further from their 
Honeywell counterparts. Most ma
chines in the 2200 family have 10-
month delivery schedules. 

Nippon Electric rounded out its 
line with a larger computer, the 
model 500, whose design is com
pletely original and has about the 
same capacity as IBM's 360-65. It 
is the first J apancsc computer to 
use integrated circuits and the first 
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to use memory planes consisting of 
layers of magnetic wire sandwiched 
between layers of copper wire. 
With simulation software, the 500 
can use IBM programs. 

Minicomputer. At the other end 
of the scale, Nippon Electric 
showed 11 versions of its NEAC 
1210 computer, the smallest com
puter made in Japan, with a mem
ory of 500 six-digit words. 

Fujitsu, Ltd., the only Japanese 
company that designs its own com
puters entirely, showed its new 
Fontac Series 230, which includes 
improvements on earlier models. 

Hitachi, Ltd., emphasized exist
ing models, rather than new ma
chines. However, the company is 
working on a new family of com
puters based on the Radio Corp. of 
America's Spectra 70. 

Other companies exhibiting were 
the Tokyo Shibaura Electric Co. 
(Toshiba), Oki Electric Industry 
Co. and Mitsubishi Electric Corp. 

Canada 

Decision on color tv 
Color television, the most success
ful segment of United States com
mercial electronics, is corning to 
Canada in a year and a half. This 
decision, announced June 15 before 
the House of Commons, ended a 
controversy between Canadian 
companies that had urged the ac
tion and the publicly-owned, gov
ernment-financed Canadian Broad
casting Corp. which favored a more 
gradual anproach. 

Secretary of State Maurice La
montague said broadcasters may 
apply immediately for licenses to 
broadcast in color starting Jan. 1, 
1967. The CBC, he added, will be
gin national telecas ts April 15, 
1967, from a $10-million studio at 
the Montreal World's Fair. 

All 50 stations affiliated with the 
CBC will be able to carry programs 
from Montreal, but may not be 
able to originate their own color 
programs; that would require a 
policy decision, and large appro
priations, by Parliament. 

Head start. Color tv is not en-

tirely new in Canada. Receivers al
ready are owned by about 10,000 
families who live within broadcast 
range of U.S. stations. To elec
tronics companies, this was con
vincing evidence that Canadians 
were ready for color tv and reason 
enough for the government to lift 
its ban on broadcasts. At least six 
companies are already assembling 
color receivers in Canada, and 
RCA Victor, Ltd., an affiliate of the 
Radio Corp. of America, is manu
facturing color tubes. 

The CBC, however, interpreted 
the statistics differently, noting that 
about one-half of Canada's five mil
lion homes are within range of 
U. S. stations. 

Another factor in the CBC's at
titude may be the schism between 
English- and French-speaking sec
tions of the bilingual country. 
Tapes of English-language tele
casts in color are easy to obtain 
from the U. S., but programs in 
French would have to be produced 
by the CBC. 

Dollar impact. The Electronic 
Industries Association of Canada 
estimates that the introduction of 
color tv will provide $31.5 million 
in salaries and wages, create 7,000 
jobs, and require the purchase of 
$30 million worth of electronic 
equipment in the first year. 

The association predicts annual 
color-tv sales of $60 million. 

Around the world 

France. The International Tele
phone and Telegraph Corp. has 
taken over leadership of a consor
tium bidding on Nadge, an air-de
fense ground-environment sys tem 
for the North Atlantic Treaty Or
ganization. The group had been 
headed by Litton Industries, Inc. 
There are two other bidding 
groups, one headed by the Hughes 
Aircraft Corp., the other by the 
Westinghouse Electric Co. 

Hong Kong. This crown colony, 
where schools still teach children 
how to work an abacus, will soon 
have a commercial electronic data
processing center equipped with 
a model 315 computer made by the 
National Cas1h Register Co. 
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Mariner IV looks 
at Mars thru 
a GEC vidicon ... 

Electronics I June 28, 1965 

The GEC 1343-010 Vidicon will be used to pick 
up approximately 22 pictures of the Mars surface 
during the 30-minute fly-by planned for mid-July, 
1965. The tube will be exposed once for 200 
milliseconds every 48 seconds, and the image 
stored on the storage surface of the tube will be 
read out over a period of 24 seconds without 
any loss of detail. The GEC 1343-010 Vidicon 
will operate over a temperature range from 
-40°C to +50°C. Developed especially for 
Mariner, GEC's 1343-010 is quite a vidicon! 

... 
GENERA I, EJ.JO:CTRODYN Al\llCS CORPORATION 
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Lewis P. Favorite, 
Vice President and General Sales Manager, 
Aluminum Company of America, says ... 

"Industrial advertising finds customers we didn't know existed." 
"Our sales force couldn't possibly be expected to 
recognize and call on every potential Alcoa® Alu
minum products user in the world. It just can't 
be done. That's where our advertising comes in. 
It delivers sales messages to thousands of people 
-some we know, some are strangers. It may tell 
them how to cut costs with aluminum. It may in-

Advertising cuts the cost of selling ... 
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troduce some new Alcoa developme'hts. Or it 
may merely point out the advantages of one of 
our products. At any rate, it stimulates interest 
in what we can off er-interest oftentimes leading 
to inquiries. Hence, it's an excellent source for 
sales leads. Frankly, we'd hate to try to get along 
without our industrial advertising programs." 

ASSOCIATION OF INDUSTRIAL ADVERTISERS 
~ 271 Madison Ave., New York, N. Y. 10016 
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Classified advertisers index 

Alvarado Industries 

Electronic Communications Inc. 

Ewald Instruments 

Grumman Aircraft Engineering 
Corp. 

Keystone Electronics Corp. 

131 

128 

152 

149-152 

152 

152 

151 

152 

149, 15( 

152 

Merritt-Chapman & Scott Corporation 152 

• Radio Research Instrument Co. 152 

University of St. Andrews 152 

Advertising sales staff 

Gordon Jones [212] 971-2210 
Advertising sales manager 

Atlanta, Ga. 30309: Gus H. Krimsier, 
Michael H. Miller, 1375 Peachtree St. N.E., 
[404] TR 5-0523 

Boston, Mass. 02116: William S. Hodgkinson 
McGraw-Hill Building, Copley Square, 
[617] co 2-1160 

Chicago, Ill. 60611: Robert M. Denmead, 
J . Bradley MacKimm 
645 North Michigan Avenue, 
[312] MO 4-5800 

Cleveland, Ohio 44113: Paul T. Fegley, 55 
Public Square, [216] SU 1-7000 

Dallas, Texas 75201: Richard P. Poole, The 
Vaughn Building, 1712 Commerce Street, 
[214] RI 7-9721 

Denver, Colo. 80202: Joseph C. Page, David 
M. Watson, Tower Bldg ., 1700 Broadway, 
[303] AL 5-2981 

Houston, Texas 77025: Kenneth George, 
2270 Humble Bldg., 
[713] CA 4-8381 

Los Angeles, Calif. 90017: Ashley P. 
Hartman, John G. Zisch, 1125 W. 6th St., 
[213] HU 2-5450 

New York, N. Y. 10036: 
Donald R. Furth [212] 971 -3615 
Frank LeBeau [212] 571-3615 
George F. Werner [212] 971-3615 
500 Fifth Avenue 

Philadelphia, Pa. 19103: William J. Boyle, 
Warren H. Gardner, 6 Penn Center Plaza, 
[215] LO 8-6161 

San Francisco, Calif. 94111: 
James T. Hauptli , 255 California Street, 
[415] DO 2-4600 

London Wl: John W. Patten, Edwin S. 
Murphy Jr .. 34 Dover Street, 
Hyde Park 1451 

Milan: 1, via 
Baracchini Phone: 86-90·617 

Frankfurt/ Main: Gerd Hinske, 85 
Westendstrasse Phone: 77 26 65 and 
77 30 59 

Geneva: Michael R. Zeynel , Joseph Wuensch, 
2 Place du Port 244275 

Paris VIII: Denis Jacob, 17 Avenue 
Matignon ALMA-0452 

Tokyo: Nobuyuki Sato 
Sh iba , Minato-Ku (502) 0656 

Osaka: Kazutaka, Miura, 163, Umegee-cho, 
Kilta-ku [362] 8771 

Nagoya: International Media Representatives, 
Yamagishi Bldg., 13, 2-Chome, 
Oike-cho Naka·ku 

Hugh J. Quinn: [212] 971 -2335 
Manager Electronics Buyers' Guide 

David M. Tempest: [212] 971-3139 
Promotion manager 

Milton Drake: [212] 971-3485 
Market research manager 

Richard J. Tomlinson: [212] 971-3191 
Business manager 

Theodore R. Geipel: [212] 971-2044 
Production manager 

• For more information on complete product 
line see advertisement in the latest Elec
tronics Buyers ' Guide 
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that's 
A new strip chart recorder 

all solid state ... even the ink! 
A solid capsule is the ink supply in this new 10" servo-type 
recorder. Heated to flow freely from the pen ... it dries in
stantly on contact with the paper. Modular electronic and 
mechanical assemblies simplify operation and maintenance. In 
addition, you have the complete flexibility of plug-in units. 
Check out these performance facts ... 
Full scale span of 5 mv to 200 volts in 15 steps 
Zero positioned to within 0.1 % 
Zero suppression-up to 10 full scales 
Selectable input signal filtering 
Accepts common mode voltages up to 500 volts 
140 db common mode rejection 
1 ll,legohm input impedance 
10 chart speeds 
E ver see "solid state" ink? Send for free sample today! 
Brush Instruments Division , Clevite Corporation, 
37th & Perkins, Cleveland, Ohio 44114. 

CLEVITE 
Circle 901 on reader service card __ _.,. ... . Q .. 



From RCA 

Now RCA silicon epitaxial techniques 
bring you high-speed saturated 
switching-in the industry's first 
high-power silicon epitaxial 
transistors: 2N3263, 2N3264, 
2N3265 and 2N3266. These 
25-ampere units represent a break
through combination of high 
performance and reliability dictated 
by the demands of rigid aero-
space requirements. 
• Rated for safe operation without 
second breakdown (forward and 

Silicon breakthrough 
switch 15A in Y2 USEC 

reverse bias) • High dissipation design 
• Radial or double-ended stud package 
For full price and delivery information , 
call your RCA Representative today. For 
technical data on specific types, write: 
Commercial Engineering, Section IN6-4, 
RCA Electronic Components and Devices, 
Harrison, N. J. 
• Check RCA Integrated Power Circuits 
2N3230, 2N3231 •Turn on 2 Amp 
in 35Cl nsec • hFE == 1,000 min@ 5 Amp 
Vceo == 60 & 80 V 
Also available from your RCA Distributor 

• The Most Trusted Name in Electronics 

Circle 902 on reader service card 

Vceo 

Vern (sus) 

hFE @ 20A* 

hFE@ 15A* 

VcE (sat) 

llj·C 

Package 

~· pulsed 

2N3263 2N3264 
2N3265 2N3266 

150V 120V 

90V GOV 

20 15 

25. 75 20. 80 

.75V @ 15A 1.2V @ 15A 

2N3265 2N3263 
2N3266 2N3264 

1.0° C/ W 1.5° C/ W 

Stud Radial 


